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The NXP LPC315x combine an 180 MHz ARM926EJ-S CPU core, High-speed USB 2.0
OTG, 192 KB SRAM, NAND flash controller, flexible external bus interface, an integrated
audio codec, Li-ion charger, Real-Time Clock (RTC), and a myriad of serial and parallel
interfaces in a single chip targeted at consumer, industrial, medical, and communication
markets. To optimize system power consumption, the LPC315x have multiple power
domains and a very flexible Clock Generation Unit (CGU) that provides dynamic clock
gating and scaling.

The LPC315x is implemented as multi-chip module with two side-by-side dies, one for
digital fuctions and one for analog functions, which include a Power Supply Unit (PSU),
audio codec, RTC, and Li-ion battery charger.

2. Features

UM10315

2.1 General features

Low power consumption.

Supports SLC and MLC NAND flash memory devices ranging in size between
128 MB to 16 GB.

Available in small footprint package TFBGA208 of 12 x 12 sgmm with 0.7 mm pitch.
Built-in support for Li-ion cell with integrated charger.

Provides sufficient processing power for audio post processing features and audio
enhancement algorithms.

Supports FM radio input including low-power audio bypass mode.

2.2 Hardware features

ARM926EJ-S processor core with 16 kB data cache and 16 kB instruction cache
running at frequencies of up to 180 MHz (CPU)/ 90 MHz (bus).

192 kB embedded SRAM implemented as two separate slaves on the AHB bus of
96 kB each.

Embedded ROM memory to support booting from SPI flash, NAND flash, SD/MMC
cards, UART, and USB.

Integrated NAND flash controller with 8-symbol Error Correction (ECC) and AES
decryption support (LPC3154 only). This controller supports up to four NAND flash
devices which can be any combination of SLC type NAND flash and MLC type NAND
flash up to a capacity of 16 GB.

AES decryption engine (LPC3154 only).

Multi-Port Memory Controller (MPMC) with one synchronous memory chip select for
SDRAM memory (supports up to 128 MB) and two static memory chip selects for
memory mapped devices (supports up to 128 kB each).

© NXP B.V. 2012. All rights reserved.
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¢ Integrated USB 2.0 High Speed OTG interface.

* Embedded DMA controller with burst transfer support.

* Digital interfaces:
Integrated 4/8/16-bit 6800/8080 compatible LCD interface with DMA support.
General-purpose 10 pins (nearly all digital pins can be configured as GPIO pins).
Integrated Master/Slave SPI interface with DMA support.
Two 12S interfaces.
Integrated fast UART with DMA support, IrDA, and hardware flow control.
Two Master/Slave 12C interfaces with open-drain port pins.
Pulse Code Modulation (PCM) and ISDN Oriented Modular (IOM) Interface (IPINT).
Memory Card Interface (MCI) with MMC/SDIO/SD/CE-ATA.

* Analog interfaces:

— Built-in 10-bit ADC for level measurement and control (three inputs available on
external pins and one internal input to measure the battery level).

— Integrated stereo ADC with programmable amplifier (microphone, line input, and
tuner input).

— Integrated Class AB headphone amplifier.

— Integrated stereo digital-to-analog converter with Class AB headphone amplifier for
high quality audio with increased driving capabilities and for use in tuner
applications.

— Low-power tuner mode with direct connection between tuner input and Class AB
headphone amplifier with analog volume control.

— Power Supply Unit (PSU).
— Li-ion battery charger.
— USB_VBUS charge pump in host mode.
* Four integrated general-purpose timers.
* Supports secure code execution and advanced DRM schemes:
— Random Number Generator.
— Secure one-time programmable memory for AES key storage or customer use.
* Integrated watchdog timer.
* Real-Time Clock (RTC) with separate power domain and dedicated 32 kHz oscillator.
¢ JTAG interface with boundary scan and ARM debug access.

UM10315 © NXP B.V. 2012. All rights reserved.
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3. Ordering information

Table 1. Ordering information

Type number Package
Name Description Version
LPC3152 TFBGA208 TFBGAZ208: plastic thin fine-pitch ball grid array package; 208 balls; body 12 x sot930-1
12 x 0.7 mm
LPC3154 TFBGA208 TFBGAZ208: plastic thin fine-pitch ball grid array package; 208 balls; body 12 x  sot930-1
12 x 0.7 mm

Table 2.  Ordering options for LPC3152/54

Type number Total NAND Security High-speed 10-bit Stereo MCI Pins Temperature
SRAM Flash engine USB ADC ADC/ SDHC/ range
Controller AES channels DAC, SDIO/
PSU, CE_ATA
RTC,
Li-ion
charger
LPC3152 192 kB yes no Device/ 3 yes yes 208 -40°Cto
Host/OTG +85 °C
LPC3154 192 kB yes yes Device/ 3 yes yes 208 -40°Cto
Host/OTG +85 °C
UM10315 © NXP B.V. 2012. All rights reserved.
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4. Block diagram (LPC3152/54)
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(1) AES encryption engine available in LPC3154 only.
(2) Multiplexed pins.
(3) Supply and ground pins are not shown in this block diagram.
Fig 1. LPC3152/54 block diagram
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5. Architectural overview

UM10315

5.1 ARM926EJ-S

The processor embedded in the LPC315x is the ARM926EJ-S. It is a member of the
ARM®9 family of general-purpose microprocessors. The ARM926EJ-S is intended for
multi-tasking applications where full memory management, high performance, and low
power are important.

5.2

The CPU has the following features:

ARM926EJ-S processor core which uses a five-stage pipeline consisting of fetch,
decode, execute, memory, and write stages. The processor supports both the 32-bit
ARM and 16-bit Thumb instruction sets, which allows a trade off between high
performance and high code density. The ARM926EJ-S also executes an extended
ARMVS5TE instruction set which includes support for Java byte code execution.

Contains an AMBA BIU for both data accesses and instruction fetches.
Memory Management Unit (MMU).

16 kB instruction and 16 kB data separate cache memories with an 8 word line length.
The caches are organized using Harvard architecture.

Little Endian is supported.

The ARM926EJ-S processor supports the ARM debug architecture and includes logic
to assist in both hardware and software debugging.

Supports dynamic clock gating for power reduction.

The processor core clock can be set equal to the AHB bus clock or to an integer
number times the AHB bus clock. The processor can be switched dynamically
between these settings.

ARM stall support.

Internal ROM Memory

The internal ROM memory is used to store the boot code of the LPC315x. After a reset,
the ARM processor will start its code execution from this memory.

The LPC315x ROM memory has the following features:

Supports booting from SPI flash, NAND flash, SD/SDHC/MMC cards, UART, and
USB (DFU class) interfaces.

Supports option to perform CRC32 checking on the boot image.

Supports booting from managed NAND devices such as moviNAND, iNAND,
eMMC-NAND and eSD-NAND using SD/MMC boot mode.

Contains pre-defined MMU table (16 kB) for simple systems.

© NXP B.V. 2012. All rights reserved.
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5.3 Internal RAM memory

The ISRAM (Internal Static Memory Controller) module is used as controller between the
AHB bus and the internal RAM memory. The internal RAM memory can be used as
working memory for the ARM processor and as temporary storage to execute the code
that is loaded by boot ROM from external devices such as SPI-flash, NAND flash, and

SD/MMC cards.
This module has the following features:

¢ Capacity of 192 kB
* Implemented as two independent 96 kB memory banks

UM10315 © NXP B.V. 2012. All rights reserved.
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1. How to read this chapter

The AES block is available on the LPC3154 only. See Table 2—3 for clocks and registers
that are specific to the AES block and are therefore not available in LPC3152.

Table 3.  Part specific clocks and registers

Clock signal or register Description LPC3152 LPC3154
NANDFLASH_AES_CLK NAND flash AES clock no yes
NandAESKeyl-4 Words 1 to 4 of 128-hit AES key no yes
NandAESIV1-4 Words 1 to 4 of 128-bit initial AES value no yes
NandAESState Register to display AES state no yes
Interrupt registers: AES related interrupt status, mask, and no yes
NandIRQStatus1, raw status bits INT0/1S, INTO/1M, and

NandIRQMask1, INTO/1IR

NandIRQStatusRawl

NandConfig AO bit: turns AES on/off no yes
AES_FROM_AHB Enable AES engine access from AHB  no yes

2. Introduction

UM10315

The NAND flash controller is used to transfer data between the LPC315x and external
NAND flash devices.

2.1 Features

AHB/APB interface

AHB slave interface.
AHB interface supports 0,1 and 2 wait states.

Two SRAMs of 132 words, 32 bits per word used in a double buffering accessible
via the AHB bus. RAMO at 0x7000 0000 and RAM1 at 0x7000 0400.

Programming by CPU via APB interface using zero wait states.
Little and big endian support.
Automatic flow control with the DMA controller, using ext_en/ext_ack signals.

NAND flash support

Dedicated interface to NAND flash devices.
Hardware controlled read and write data transfers.

Software controlled command and address transfers to support a wide range of
NAND flash devices.

GPIO mode.
Software control mode where the ARM is directly master of the NAND flash device.
Support for 8 bit and 16 bit NAND flash devices.

© NXP B.V. 2012. All rights reserved.
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Support for 528 byte, 2K and 4K page NAND flash devices.
Programmable NAND timing parameters.

Support for up to 4 NAND flash device dies in parallel with dedicated chip select
and ready/busy pin per device.

Programmable default state of output signals.
Erased page detection.
EBI compatible.

* Error correction

Two Reed-Solomon error correction codes, one offering 5 symbol error correction
and the other 8 symbol error correction capability. 5 symbol correcting code is of
length 469, dimension 459, and minimum distance 11 over GF(29). 8 symbol
correcting code has length 475, dimension 459 and minimum distance 17 over
GF(29).

Two parity generators.
Wear leveling and other extra information can be integrated into protected data.

Remark: The wear-leveling algorithm ensures that data is stored in different flash
pages across the flash media. This not only extends its lifetime, but also ensures
reliable operation.

Interrupts generated after completion of error correction task with 3 interrupt
registers.

Error correction statistics distributed to ARM using interrupt scheme.
Error correction can be turned on and off.

* AES decryption

AES-128 : 128-hit key, 128-bit data.

CBC mode over blocks of 512 bytes.

Initial vector and key can be programmed over APB.
Each block of 512 bytes uses same initial value.
AES can be turned on and off.

3. General description

UM10315

3.1

Clock signals
The CGU provides different clocks to the NAND flash controller, see Table 2—4.

Table 4. NAND flash controller clock overview[2l

Clock name Clock I/0 Source/ Description

acronym Destination
NANDFLASH_SO_CLK ahb_clk I cGuU AHB port clock of the module
NANDFLASH_PCLK PCLK I CcGuU APB port clock of the module

© NXP B.V. 2012. All rights reserved.
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Table 4. NAND flash controller clock overview[Xl ...continued

Clock name Clock I/0 Source/ Description

acronym Destination
NANDFLASH_NAND_CLK nand_clk I CGU Main clock for the module
NANDFLASH_ECC_CLK  ecc_clk I CGU Main clock for ECC part in the

module. This clock should be
programmed to run
synchronously at half the
NANDFLASH_NAND_CLK in
CGU block.

NANDFLASH_AES CLK aes_clk cGu Main clock for AES part in the
module. This clock should be
programmed to run
synchronously at the same
speed as the
NANDFLASH_NAND_CLK in
CGU block.

[1] See Table 2—3 for clocks that are part specific and not implemented on all LPC315x parts.

Reset signals

The CGU provides the following resets to the NAND flash controller (see
Section 13-5.2.2).

1. AHBO_RESET: Low-active, synchronous reset. Resets the logic in the ahb_clk
domain.

2. APB4_RESETN: Low-active, synchronous reset. Resets the logic in the PCLK
domain.

3. NANDFLASH_CTRL_NAND_RESET_N: High-active, synchronous reset. Resets the
logic in the main NAND flash controller nand_clk domain.

4. NANFLASH_CTRL_ECC_RESET_N: High-active, synchronous reset. Resets the
logic in the ecc_clk domain.

5. NANFLASH_CTRL_AES_RESET_N: High-active, synchronous reset. Resets the
logic in the aes_clk domain.

Interrupt requests

The NAND flash controller generates one interrupt request towards the CPU. The
interrupt sources are controlled by two sets of registers: NandIRQStatus1,
NandIRQMask1, NandIRQStatusRawl and NandIRQStatus2, NandIRQMask2,
NandIRQStatusRaw2. See Table 2—7 to Table 2—9 and Table 2—-23 to Table 2-25 for a
description of interrupt sources.

DMA transfers

The NAND flash controller has DMA support by means of external enabling. The transfer
size is 128 words. DMA auto-flow control is supported only by DMA channel 4.

External pin connections

Table 2-5 gives an overview of the external connections to and from the NAND flash
controller.

© NXP B.V. 2012. All rights reserved.
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Table 5. NAND flash controller external pin overview
Pin name Interface  Acronym Type Reset Description
(Func.) Value
EBI_D_[15:0] EBI - I - 16 bits data from NAND flash
device
EBI_D_[15:0] EBI - o all0 16 bits data to NAND flash
device
NAND_NCS 0 CSln (0] 1 Low-active Chip Enable 0
NAND_NCS 1 CS2_n (0] 1 Low-active Chip Enable 1
NAND_NCS 2 CS3_n (0] 1 Low-active Chip Enable 2
NAND_NCS_3 CS4_n (0] 1 Low-active Chip Enable 3
EBI_NWE EBI WE_n (0] 1 Low-active Write Enable
EBI_DQM_0_NOE EBI RE_n O 1 Low-active Read Enable
EBI_A 0 ALE EBI ALE (0] 0 High-active Address Latch
Enable
EBI_A_1_CLE EBI CLE (0] 0 High-active Command Latch
Enable
mNAND_RYBNO RnBO I - Ready not Busy 0
MNAND_RYBN1 RnB1 I - Ready not Busy 1
MNAND_RYBN2 RnB2 | - Ready not Busy 2
MNAND_RYBN3 RnB3 I - Ready not Busy 3

4. Register overview

UM10315

Table 6.

Name
NandIRQStatus1
NandIRQMask1

NandIRQStatusRawl

NandConfig
NandlOConfig

NandTimingl
NandTiming2
NandSetCmd

NandSetAddr

NandWriteData

NandSetCE
NandReadData

Access

R/W
R/W

R/W
R/W
R/W

R/W

R/W

R/W

Offset
0x00
0x04
0x08

0x0C
0x10

0x14
0x18
0x20

0x24

0x28

0x2C
0x30

Table 2—6 indicates which registers reside in the NAND flash controller. The NAND RAM
buffers are also accessible at locations RAMO: 0x7000 0000 and RAM1: 0x7000 0400.

Register overview: NAND flash controller (register base address: 0x1700 0800)[4

Description
Status register of first 32 bits interrupt register
Mask register for first 32 bits interrupt register

Unmasked status register of first 32 bits interrupt
register

NAND flash controller configuration register

Register which holds the default value settings for 10
signals

First NAND flash controller timing register
Second NAND flash controller timing register

Register to send specific command towards NAND
flash device.

Register to send specific address towards NAND flash
device

Register to send specific data towards NAND flash
device

Register to set all CE signals and WP_n signal

Register to check read data from NAND flash device

© NXP B.V. 2012. All rights reserved.
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Table 6.  Register overview: NAND flash controller (register base address: 0x1700 0800)[4

Name
NandCheckSTS
NandControlFlow
NandGPIO1

NandGPI02

NandIRQStatus2
NandIRQMask2
NandIRQStatusRaw?2

NandAESKeyl
NandAESKey2
NandAESKey3
NandAESKey4
NandAESIV1
NandAESIV2
NandAESIV3
NandAESIV4
NandAESState
NandECCErrStatus
AES_FROM_AHB

Access Offset

R
W
R/W

R

R/W

R/W

IR

o 3
=

R/W

0x34
0x38
0x40

0x44

0x48
0x4C
0x50

0x54
0x58
0x5C
0x60
0x64
0x68
0x6C
0x70
0x74
0x78
0x7C

Description
Check status of 8 predefined interrupts
Register which holds command to read and write pages

Register to program IO pins, which can be used as
GPIO

Register to program 10 pins, which can be used as
GPIO

Status register of second 32 bits interrupt register
Mask register for second 32 bits interrupt register

Unmasked status register of second 32 bits interrupt
register

First word of 128-bit AES key

Second word of 128-bit AES key

Third word of 128-bit AES key

Fourth word of 128-bit AES key

First word of 128-bit initial AES value
Second word of 128-bit initial AES value
Third word of 128-bit initial AES value
Fourth word of 128-bit initial AES value
Register to display AES state

ECC error status register in 8-symbol ECC mode
Enable AES engine from AHB

[1] See Table 2—3 for registers that are part specific and not implemented on all LPC315x parts.

5. Register description

UM10315

5.1 NandIRQStatusl

In this register the status of the different interrupt sources can be checked. All interrupts
can be masked by the corresponding bit in the NandIRQMask register. A bit which has

been set can only be cleared by writing a '1' to this bit in this register. Table 2—7 gives a
description of this register.

Table 7.  NandIRQStatus1 register description (NandIRQStatus1, address 0x1700 0800)
Bit Symbol Access Reset Description

31 INT31S R/W

30 INT30S R/W

29 INT29S R/W

28 INT28S R/W

27 INT27S R/W

value
0x0

0x0

0x0

0x0

0x0

mNAND_RYBNS3 positive edge. Asserted after a positive edge of
the mMNAND_RYBNS signal.

MNAND_RYBN2 positive edge. Asserted after a positive edge of
the mNAND_RYBNZ2 signal.

mMNAND_RYBN1 positive edge. Asserted after a positive edge of
the mMNAND_RYBNL1 signal.

MNAND_RYBNO positive edge. Asserted after a positive edge of
the mMNAND_RYBNO signal.

RAM 1 erased. Whenever an erased page is read from flash (all
OxFF) this bit is asserted together with read pagel done.
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Table 7. NandIRQStatus1 register description (NandIRQStatus1, address 0x1700 0800)

Bit Symbol Access Reset Description
value

26 INT26S R/W 0x0 RAM 0 erased. Whenever an erased page is read from flash (all
OxFF) this bit is asserted together with read page0O done.

25 INT25S R/W 0x0 Write page 1 done. Asserted when SRAM1 contents has been
written to the flash.

24 INT24S R/W 0x0 Write page 0 done. Asserted when SRAMO contents has been
written to the flash.

23 INT23S R/W 0x0 Read page 1 done. Asserted when SRAML1 contents has been
read from flash and stored in SRAM1 (not error corrected yet).

22 INT22S R/W 0x0 Read page 0 done. Asserted when SRAMO contents has been
read from flash and stored in SRAMO (not error corrected yet).

21 INT21S R/W 0x0 RAM 0 decoded. Asserted when the contents of SRAMO has
been decoded. Each time bit21 or bit19 are activated, one other
bit will be activated too from the group Bit17-4 that indicates how
many errors were detected in the current code word.

20 INT20S R/W 0x0 RAM 0 encoded. Asserted when the contents of SRAMO has
been encoded.

19 INT19S R/W 0x0 RAM 1 decoded. Asserted when the contents of SRAM1 has
been decoded. Each time bit21 or bit19 are activated, one other
bit will be activated too from the group Bit17-4 that indicates how
many errors were detected in the current code word.

18 INT18S R/W 0x0 RAM 1 encoded. Asserted when the contents of SRAM1 has
been encoded.

17 INT17S R/W 0x0 RAM 0 decoded with 0 errors

16 INT16S R/W 0x0 In 5bit ECC mode, this interrupt bit is set when a codeword with
one error is detected.

In 8bit ECC mode, this interrupt bit is set when a codeword with
at least one correctable error is detected. The number of errors
can then be extracted from the NandEccErrStatus(0x78) register.

15 INT15S R/W 0x0 RAM 0 decoded with 2 error
14 INT14S R/W 0x0 RAM 0 decoded with 3 error
13 INT13S R/W 0x0 RAM 0 decoded with 4 error
12 INT12S R/W 0x0 RAM 0 decoded with 5 error
11 INT11S R/W 0x0 RAM 0 uncorrectable

10 INT10S R/W 0x0 RAM 1 decoded with O errors

9 INT9S R/W 0x0 In 5bit ECC mode, this interrupt bit is set when a codeword with
one error is detected.

In 8bit ECC mode, this interrupt bit is set when a codeword with
at least one correctable error is detected. The number of errors
can then be extracted from the NandEccErrStatus(0x78) register.

8 INT8S R/W 0x0 RAM 1 decoded with 2 error
7 INT7S R/W 0x0 RAM 1 decoded with 3 error
6 INT6S R/W 0x0 RAM 1 decoded with 4 error
5 INT5S R/W 0x0 RAM 1 decoded with 5 error
4 INT4S R/W 0x0 RAM 1 uncorrectable
UM10315 © NXP B.V. 2012. All rights reserved.
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Table 7. NandIRQStatus1 register description (NandIRQStatus1, address 0x1700 0800)

Bit Symbol Access Reset Description
value

32 - - - Reserved

1 INT1IS R/W 0x0 RAM 1 AES done. Asserted when the contents of SRAM1 has
been AES decoded.

0 INTOS R/W 0x0 RAM 0 AES done. Asserted when the contents of SRAMO has
been AES decoded.

NandIRQMask1

Each bit in this register field masks the corresponding interrupt bit in the NandIRQStatus
register. Table 2—7 gives a description of this register.

Table 8. NandIRQMask1 register description (NandIRQMask1, address 0x1700 0804)

Bit Symbol Access Reset Value Description
31 INT31M R/W 0x1 mMNAND_RYBN3 positive edge mask
30 INT30M R/W Ox1 mNAND_RYBN2 positive edge mask
29 INT29M R/W 0x1 mMNAND_RYBN1 positive edge mask
28 INT28M R/W Ox1 mNAND_RYBNO positive edge mask
27 INT27M R/W 0x1 RAM 1 erased mask
26 INT26M R/W 0x1 RAM 0 erased mask
25 INT25M R/W 0x1 Write page 1 done mask
24 INT24M R/W 0x1 Write page 0 done mask
23 INT23M R/W 0x1 Read page 1 done mask
22 INT22M R/W 0x1 Read page 0 done mask
21 INT21IM R/W 0x1 RAM 0 decoded mask
20 INT20M R/W 0x1 RAM 0 encoded mask
19 INT19M R/W 0x1 RAM 1 decoded mask
18 INT18M R/W 0x1 RAM 1 encoded mask
17 INT17M R/W 0x1 RAM 0 decoded with 0 errors mask
16 INT16M R/W 0x1 RAM 0 decoded with 1 error mask
15 INT15M R/W 0x1 RAM 0 decoded with 2 error mask
14 INT14M R/W 0x1 RAM 0 decoded with 3 error mask
13 INT13M R/W 0x1 RAM 0 decoded with 4 error mask
12 INT12M R/W 0x1 RAM 0 decoded with 5 error mask
11 INT11M R/W 0x1 RAM 0 uncorrectable mask
10 INT10M R/W 0x1 RAM 1 decoded with O errors mask
9 INTOM R/W 0x1 RAM 1 decoded with 1 error mask
8 INT8M R/W 0x1 RAM 1 decoded with 2 error mask
7 INT7M R/W 0x1 RAM 1 decoded with 3 error mask
6 INT6M R/W 0x1 RAM 1 decoded with 4 error mask
5 INTSM R/W Ox1 RAM 1 decoded with 5 error mask
4 INT4AM R/W 0x1 RAM 1 uncorrectable mask
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Table 8. NandIRQMask1 register description (NandIRQMask1, address 0x1700 0804)

Bit Symbol Access Reset Value Description

3:2 - - - Reserved

1 INT1IM R/W Ox1 RAM 1 AES done mask
0 INTOM R/W 0x1 RAM 0 AES done mask

5.3 NandIRQStatusRaw1l

In this register the status of the different interrupt sources can be checked without
masking. A bit which has been set can only be cleared by writing a '1' to this bit in this
register. Table 29 gives a description of this register.

Table 9. NandIRQStatusRawl register description (NandIRQStatusRaw1, address 0x1700

0808)

Bit Symbol Access Reset value Description

31 INT31R R/W 0x0 mNAND_RYBNS3 positive edge raw
value

30 INT30R R/W 0x0 MmNAND_RYBN2 positive edge raw
value

29 INT29R R/W 0x0 MmNAND_RYBNL1 positive edge raw
value

28 INT28R R/W 0x0 mNAND_RYBNO positive edge raw
value

27 INT27R R/W 0x0 RAM 1 erased raw value

26 INT26R R/W 0x0 RAM 0 erased raw value

25 INT25R R/W 0x0 Write page 1 done raw value

24 INT24R R/W 0x0 Write page 0 done raw value

23 INT23R R/W 0x0 Read page 1 done raw value

22 INT22R R/W 0x0 Read page 0 done raw value

21 INT21R R/W 0x0 RAM 0 decoded raw value

20 INT20R R/W 0x0 RAM 0 encoded raw value

19 INT19R R/W 0x0 RAM 1 decoded raw value

18 INT18R R/W 0x0 RAM 1 encoded raw value

17 INT17R R/W 0x0 RAM 0 decoded with O errors raw value

16 INT16R R/W 0x0 RAM 0 decoded with 1 error raw value

15 INT15R R/W 0x0 RAM 0 decoded with 2 error raw value

14 INT14R R/W 0x0 RAM 0 decoded with 3 error raw value

13 INT13R R/W 0x0 RAM 0 decoded with 4 error raw value

12 INT12R R/W 0x0 RAM 0 decoded with 5 error raw value

11 INT11R R/W 0x0 RAM 0 uncorrectable raw value

10 INT10R R/W 0x0 RAM 1 decoded with O errors raw value

9 INTOR R/W 0x0 RAM 1 decoded with 1 error raw value

8 INT8R R/W 0x0 RAM 1 decoded with 2 error raw value

7 INT7R R/W 0x0 RAM 1 decoded with 3 error raw value

6 INT6R R/W 0x0 RAM 1 decoded with 4 error raw value

5 INTS5R R/W 0x0 RAM 1 decoded with 5 error raw value
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Table 9. NandIRQStatusRawl register description (NandIRQStatusRaw1, address 0x1700
0808) ...continued

Bit Symbol Access Reset value Description

4 INT4R R/W 0x0 RAM 1 uncorrectable raw value
3:2 - - - Reserved

1 INT1R R/W 0x0 RAM 1 AES done raw value

0 INTOR R/W 0x0 RAM 0 AES done raw value

5.4 NandConfig

This register is used to configure the NAND flash controller. Table 2—10 gives a
description of this register.

Table 10. NandConfig register description (NandConfig, address 0x1700 080C)

Bit Symbol Access Reset Description
value

31:13 - - - reserved

12 ECC_MODE R/W 0x0 ECC mode

0: 5 bit ECC mode selected.
1: 8 bit ECC mode selected.

11:10 TL R/W 0x0 Transfer limit, determines the number of bytes
written/read to the NAND flash in one step.

00/11: 528 bytes
01: 516 bytes
10: 512 bytes
- - - reserved
DC R/W 0x1 Deactivate CE enable

0: When the NAND flash is forced off the EBI bus by a
backoff signal, the CE is not deactivated.

1: When the NAND flash is forced off the EBI bus by a
backoff signal, the CE is deactivated.

7 M R/W 0x0 512 mode

0 : The ECC encoding is started automatically after
programming byte 516 in the SRAM. To be used when
byte 513-516 need to be written to the flash (previous
data will be written in this field).

1: The ECC encoding is started automatically after
programming byte 512 in the SRAM. To be used when
byte 513-516 do not need to be written to the flash
(previous data will be written in this field).

6:5 LC R/W 0x0 Latency Configuration
0x0 : zero wait states
0x1 : one wait state
0x2 : two wait states

4 ES R/W 0x0 Endianess setting
0 : little endian
1: big endian
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Table 10. NandConfig register description (NandConfig, address 0x1700 080C)

Bit Symbol
3 DE
2 AO
1 WD
0 EC

Access Reset Description

R/W

R/W

R/W

R/W

value
0x0

0x0

0x0

0x0

DMA external enable

0: disables the automatic flow control with DMA.
1: enables the automatic flow control with DMA.
AES on

0 : AES decryption off

1 : AES decryption on

Wide device

0 : 8 bit NAND device mode

1: 16 bit NAND device mode

ECC on

0 : error correction off

1 : error correction on

5.5 NandIOConfig

This register defines the default values of the outputs to the NAND flash device. Default
values are put on the outputs when the NAND flash controller is in idle state. Table 2—11
gives a description of this register.

Table 11. NandIOConfig register description (NandlOConfig, address 0x1700 0810)

Bit
31:25
24

23:8

7:6

5:4

3:2

1.0

Symbol

NI

DN

CD

AD

WD

RD

Access

R/W

R/W

R/W

R/W

R/W

R/W

Reset

0x0

0x0

0x0

0x0

0ox1

Ox1

Description

Reserved

Nand 10 drive default

0: 10 pad is in input mode

1:10 pad is in output mode, data is driven
on the pads.

Data to NAND default
data_to_nand[15:0] value
CLE default

‘00" : ‘0’

other values : ‘1’

ALE default

“00": 0’

other values : ‘1’
WE_n default

“00": 0’

other values : ‘1’
RE_n defaul“00” : ‘0’
other values : ‘1’

UM10315
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NandTimingl

In this register the first set of NAND interface timing characteristics can be programmed.
Each timing parameter can be set from 7 nand_clk (NANDFLASH_NAND_CLK) clock
cycles to 1 nand_clk clock cycle. (A programmed zero value is treated as a one).

Table 2—12 gives a description of this register.

Using tSRD and tDRD the data input circuitry can be tuned for optimal performance.
Using the lower bit of these parameters one can select between clocking in on the positive
edge of nand_clk or on the negative edge. The remaining bit(s) add extra nand_clk delay
cycles to the data clock-in moment.

Table 12. NandTimingl register description (NandTiming1, address 0x1700 0814)

Bit Symbol  Access Resetvalue Description
31:22 - - - Reserved
21:20 TSRD R/W 0x0 Single data input delay

The number of clock cycles between the
rising edge of the RE signal and the cycle
that the data is clocked in by the controller in
case of software controlled single read

access
19 - - - Reserved
18:16 TALS R/W 0x7 Address setup time

The number of clock cycles between the
rising edge of ALE and the falling edge of
WE during a command transfer

15 - - - Reserved
14:12 TALH R/W 0x7 Address hold time

The number of clock cycles that ALE remains
asserted after the rising edge of WE

11:7 - - - Reserved
6:4 TCLS R/W 0ox7 Command setup time

The number of clock cycles between the
rising edge of CLE and the falling edge of
WE during a command transfer

- - - Reserved
2:0 TCLH R/W 0x7 Command hold time

The number of clock cycles that CLE
remains asserted after the rising edge of WE

NandTiming 2

In this register the second set of NAND interface timing characteristics can be
programmed. Each timing parameter can be set from 7 nand_clk clock cycles to
1nand_clk clock cycle. (A programmed zero value is treated as a one). Table 2—13 gives a
description of this register.
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Table 13. NandTiming2 register description (NandTiming2, address 0x1700 0818)

Bit Symbol Access Resetvalue Description
31 - - - Reserved
30:28 TDRD R/W 0x0 Data input delay

The number of clock cycles between the
rising edge of the RE signal and the cycle
that the data is clocked in by the controller in
case of hardware controlled burst read

access
27 - - - Reserved
26:24 TEBIDEL R/W 0x7 EBI delay time

The number of clock cycles between the
rising edge of CS and the falling edge of
ebireq when backing off from the EBI. OR
The number of clock cycles between the
rising edge of ebignt and the falling edge of
CS when going on the EBI.

23 - - - Reserved

22:20 TCH R/W 0x7 Chip select hold time
The number of clock cycles between the last
active signal to the NAND flash and the
rising edge of CS

19 - - - Reserved

18:16 TCS R/W 0x7 Chip select setup time

The number of clock cycles between the
falling edge of CS and the first active signal
to the NAND flash

15 - - - Reserved
14:12 TREH R/W 0x7 Read enable high hold

The minimum number of clock cycles that
the RE pulse is held

11 - - - Reserved

10:8 TRP R/W 0x7 Read enable pulse width
The number of clock cycles that the RE
pulse is de-asserted
- - - Reserved
6:4 TWH R/W Ox7 Write enable high hold
The minimum number of clock cycles that

the WE pulse is held high before a next
falling edge

- - - Reserved

2.0 TWP R/W 0x7 Write enable pulse width

The number of clock cycles that the WE
pulse is de-asserted. This value also covers
the tDS, (data setup time) since the data is
set up on the I/O line at the same moment as
the falling edge of the WE pulse
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NandSetCmd

This register is used to transfer a command towards the NAND flash device. Table 2-14
gives a description of this register.

Table 14. NandSetCmd register description (NandSetCmd, address 0x1700 0820)

Bit Symbol  Access Reset Description
31:16 - - - Reserved
15:0 CVv W 0x0 Command value

Writing to this register results in a CLE-WE
combined sequence that transfers the
programmed command value to the NAND
flash using the required timings.

NandSetAddr

This register is used to transfer an address towards the NAND flash device. Table 2-15
gives a description of this register.

Table 15. NandSetAddr register description (NandSetAddr, address 0x1700 0824)

Bit Symbol  Access Reset Description
31:16 - - - Reserved
15:0 AV W 0x0 Address valueWriting to this register results

in a ALE-WE combined sequence that
transfers the programmed address value to
the NAND flash using the required timings..

NandWriteData

This register is used to write data towards the NAND flash device. Table 2-16 gives a
description of this register.

Table 16. NandWriteData register description (NandWriteData, address 0x1700 0828)

Bit Symbol Access Reset Description
31:16 - - - Reserved
15:0 wv W 0x0 Writing a value WV to this register results in

a WE sequence that transfers the
programmed write value to the NAND flash
using the required timings.

NandSetCE

This register is used to set the values of WP_n and NAND_NCS_0to NAND_NCS_3.
Table 2—17 gives a description of this register.
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Table 17. NandSetCE register description (NandSetCE, address 0x1700 082C)

Bit Symbol Access Reset Description
315 - - - Reserved
4 WP W 0x0 WP_n pin value
Sets WP_n pin value
3.0 CEV W 0x0 The active value of the 4 chip select outputs.

The chip select outputs take on the values
out of this register when the controller is not
in idle state and the EBI bus is granted to
the NAND controller.

CE1_n = CEV(0)
CE2_n=CEV(1)
CE3_n=CEV(2)
CE4_n=CEV(3)

5.12 NandReadData

This register is used to read data from the NAND flash device. Table 2-18 gives a
description of this register.

Table 18. NandReadData register description (NandReadData, address 0x1700 0830)

Bit Symbol Access Reset Description
31:16 - - - Reserved
15:0 RV W 0x0 Read value

Reading this register results in a RE
sequence that after the necessary wait
states puts the retrieved value from the
NAND IO port into the register..

5.13 NandCheckSTS

This register is used to read out the status of the NAND flash controller, w.r.t. the values
on the incoming RnB signals. Next to that the busy state of the APB can be checked.
Table 2—19 gives a description of this register.

Table 19. NandCheckSTS register description (NandCheckSTS, address 0x1700 0834)

Bit Symbol Access Reset Description
31:9 - - - Reserved
8 R3R R 0x0 mNAND_RYBNS rising edge.

1: Rising edge on the mMNAND_RYBN3
signal has been detected. Bit is reset to 0
upon read.

7 R2R R 0x0 mNAND_RYBN?2 rising edge.

1: Rising edge on the mMNAND_RYBN2
signal has been detected. Bit is reset to O
upon read.

6 R1R R 0x0 mNAND_RYBNL1 rising edge.

1: Rising edge on the mMNAND_RYBN1
signal has been detected. Bit is reset to 0
upon read.
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Table 19. NandCheckSTS register description (NandCheckSTS, address 0x1700 0834)
Bit Symbol  Access Reset Description
5 ROR R 0x0 mMNAND_RYBNO rising edge.

1: Rising edge on the mMNAND_RYBNO
signal has been detected. Bit is reset to O
upon read.

4 R3 R 0x0 MmNAND_RYBNS3 value. The sample value
of the mNAND_RYBN3 signal from the
flash.

3 R2 R 0x0 MNAND_RYBN2 value. The sample value
of the mMNAND_RYBN2 signal from the
flash.

2 R1 R 0x0 MmNAND_RYBNL1 value. The sample value
of the mNAND_RYBNL1 signal from the
flash.

1 RO R 0x0 MNAND_RYBNO value. The sample value
of the mNAND_RYBNO signal from the
flash.

0 VB R 0x0 APB busy
1: flash access over the APB bus is busy

0: no flash access over APB bus at this
moment

NandControlFlow

This register is used to start the sequences for read page and write page
operation.Table 2—20 gives a description of this register.

Table 20. NandControlFlow register description (NandControlFlow, address 0x1700 0838)

Bit Symbol Access Reset Description
31:6 - - - Reserved
5 w1 W 0x0 Writing a ‘1’ to this property starts up the

sequence to write the contents of SRAML1 to
the NAND flash (if the contents has already
been protected by the necessary parity
symbols)

4 WO W 0x0 Writing a ‘1’ to this property starts up the
sequence to write the contents of SRAMO to
the NAND flash (if the contents has already
been protected by the necessary parity
symbols)

3.2 - - - Reserved

R1 W 0x0 Writing a ‘1’ to this property starts up the
sequence to read a defined number of bytes
from the NAND flash and store them in
SRAM1

0 RO W 0x0 Writing a ‘1’ to this property starts up the
sequence to read a defined number of bytes
from the NAND flash and store them in
SRAMO
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NandGPIO1

This register is used to program the 10 pins in GPIO mode. Table 2—21 gives a description
of this register.

Table 21. NandGPIOL1 register overview (NandGPIO1, address 0x1700 0840)

Bit Symbol Access Reset Description

31:27 - - - Reserved

26 nand_gpio R/W 0x0 ‘0’ : the module is in normal functional mode
_conf ‘1’ : GPIO mode, the value of the outputs to

the NAND flash can be controlled via
NAND_GPIO1.

25 WP_n R/W 0x0 Program value on WP_n

24 CLE R/W 0x0 Program value on CLE

23 ALE R/W 0x0 Program value on ALE

22 RE_n R/W 0x1 Program value on RE_n

21 WE_n R/W 0x1 Program value on WE_n

20 CE4_n R/W Ox1 Program value on NAND_NCS_3

19 CE3 n R/W 0x1 Program value on NAND_NCS_2

18 CE2_n R/W Ox1 Program value on NAND_NCS_1

17 CEl n R/W 0x1 Program value on NAND_NCS 0

16 Nand io R/W 0x0 Program value on Nand io drive
drive

15:0 Data to R/W 0x0 Program value on data to Nand 10
NAND 10

NandGPIO2

In this register the value of the input signals from NAND can be monitored on read-out.
Table 2—22 gives a description of this register

Table 22. NandGPIO2 register description (NandGPI102, address 0x1700 0844)

Bit Symbol  Access Reset Description
31:20 - - - Reserved
19 RnB3 R 0x0 Read value from mNAND_RYBN3
18 RnB2 R 0x0 Read value from mNAND_RYBN2
17 RnB1 R 0x0 Read value from mNAND_RYBN1
16 RnBO R 0x0 Read value from mNAND_RYBNO
15:0 Data from R 0x0 Read data from NAND IO

NAND

NandIRQStatus?2

In this register the status of the different interrupt sources can be checked. All interrupts
can be masked by the corresponding bit in the NandIRQMask2 register. A bit which has
been set can only be cleared by writing a '1' to this bit in this register. Table 2—23 gives a
description of this register.
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Table 23. NandIRQStatus?2 register description (NandIRQStatus2, address 0x1700 0848)

Bit Symbol Access Reset Description

315 - - - Reserved

4 INT36S R/W 0x0 Page access while APB access.
3 INT35S R/W 0x0 APB access while page access.
2 INT34S R/W 0x0 Flash access while busy.

1 INT33S R/W 0x0 RAM1 access while busy.

0 INT32S R/W 0x0 RAMO access while busy.

NandIRQMask?2

Each bit in this register field masks the corresponding interrupt bit in the NandIRQStatus2
register. Table 2—24 gives a description of this register.

Table 24. NandIRQMask?2 register description (NandIRQMask2, address 0x1700 084C)

Bit Symbol Access Reset Description

315 - - - Reserved

4 INT36M R/W 0x1 Page access while APB access masks
3 INT35M R/W 0x1 APB access while page access mask
2 INT34M R/W 0x1 Flash access while busy mask

1 INT33M R/W 0x1 RAMZ1 access while busy mask

0 INT32M R/W 0x1 RAMO access while busy mask

NandIRQStatusRaw?2

In this register the status of the different interrupt sources can be checked without
masking. A bit which has been set can only be cleared by writing a '1' to this bit in this
register. Table 2—25 gives a description of this register.

Table 25. NandIRQStatusRaw?2 register description (NandIRQStatusRaw?2, address 0x1700

0850)
Bit Symbol Access Reset Description
315 - - - Reserved
4 INT36R R/W 0x0 Page access while APB access raw value.
3 INT35R R/W 0x0 APB access while page access raw value.
2 INT34R R/W 0x0 Flash access while busy raw value.
1 INT33R R/W 0x0 RAM1 access while busy raw value.
0 INT32R R/W 0x0 RAMO access while busy raw value.
NandAESKey1l

This register is used to store the first word of the 128-bit AES key. Table 2—26 gives a
description of this register.

Table 26. NandAESKey1 register description

Bit Symbol Access Reset Description

310 AESkeyl R 0x0 First word of AES 128-bit key
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NandAESKey?2

This register is used to store the second word of the 128-bit AES key. Table 2—-27 gives a
description of this register.

Table 27. NandAESKey?2 register description

Bit Symbol Access Reset Description
31.0 AESkey2 R 0x0 Second word of AES 128-bit key
NandAESKey3

This register is used to store the third word of the 128-bit AES key. Table 2—-28 gives a
description of this register.

Table 28. NandAESKey3 register description

Bit Symbol Access Reset Description
310 AESkey3 R 0x0 Third word of AES 128-bit key
NandAESKey4

This register is used to store the fourth word of the 128-bit AES key. Table 2—-29 gives a
description of this register.

Table 29. NandAESKey3 register description

Bit Symbol  Access Reset Description
31.0 AES key 4 R 0x0 Fourth word of AES 128-bit key
NandAESIV1

This register is used to store the first word of the 128-bit AES initialization vector.
Table 2—30 gives a description of this register.

Table 30. NandAESIV1 register description

Bit Symbol Access Reset Description

31:0 AESivl R 0x0 First word of AES 128-bit initial value 128-bit
vector

NandAESIV2

This register is used to store the second word of the 128-bit AES initialization vector.
Table 2—31 gives a description of this register.

Table 31. NandAESIV2 register description
Bit Symbol  Access Reset Description

31:0 AESiv2 R 0x0 Second word of AES 128-bit initial value
128-bit vector

NandAESIV3

This register is used to store the third word of the 128-bit AES initialization vector.
Table 2—32 gives a description of this register.
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Table 32. NandAESIV3 register description

Bit Symbol Access Reset Description

31:0 AESiv3 R 0x0 Third word of AES 128-bit initial value 128-bit
vector

NandAESIV4

This register is used to store the fourth word of the 128-bit AES initialization vector.
Table 2—-33 gives a description of this register.

Table 33. NandAESIV4 register description

Bit Symbol  Access Reset Description

310 AESivd R 0x0 Fourth word of AES 128-bit initial value 128-bit
vector

NandAESState

This register is used to check the status of the AES description. Table 2—34 gives a
description of this register.

Table 34. NandAESState register description

Bit Symbol Access Reset Description

31:2 - - - Reserved

1 AES R 0x0 “00” Busy: This state represents the busy condition.
accept in Only one state machine can be busy at any one time, so

0 AES R ox1 when either is busy, neither will accept new data.
accept key “01" Key Setup: This is the condition of the module after

reset and represents the fact that the AES module will
not accept new data until a key has been expanded.
This state is also reached briefly (1 clock cycle) during
data decryption, indicating that the block can accept a
new key for expansion (all round keys have been used)
but cannot accept new data (data is still in the final
round).

“10” Reserved

“11” Idle: The AES Module is idle and is able to accept
either a new key for expansion or more data for
processing.

NandECCErrStatus

This register is used to report error statistics of code words in 8 bit ECC mode. If at least
one correctable error is detected in 8 bit ECC mode, the “RAMx decoded with one error”
bit from register NandIRQ_STATUSL is set. If this bit is set, the ARM can read out the
NandECCErrStatus register to know exactly how many errors were detected. The register
is updated whenever a codeword with more than one correctable error is detected.
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Table 35. NandECCErrStatus register description (NandECCErrStatus, address 0x1700

0878)
Bit Symbol  Access Reset Description
318 - - - Reserved
7.4 N_ERR_ 1 R 0000 Number of errors in RAM1
3:0 N_ERR_O0 R 0000 Number of errors in RAMO

AES_FROM_AHB

The register is used to enable access to the AES engine from AHB. The "AES_from_AHB
mode" bit enables or disables the possibility to use the AES decryption engine by another
AHB master than the NAND flash controller only. When this bit is enabled, AES encrypted
content can be written into the SRAMSs. After that, the decryption is started by writing to
bits DecryptRAMO/1 (bits 1 or 0). The decrypted content can be read when the “Ram1
AES done” or “Ram0 AES done” bits are set in the interrupt status register (see

Table 2—-7).

Please note that normal NAND flash operation and AES from AHB operation are mutually
exclusive.

Table 36. AES_FROM_AHB register description (AES_FROM_AHB, address 0x1700 087C)
Bit Symbol Access Reset Description
7 mode R/W 0 Set AES from AHB mode
0: AES engine is used by the NAND flash
controller.

1: AES engine is used by other AHB bus
masters.

6:2 - - - Reserved

decryptRAM1 W 0 Decrypt RAM1.
When this bit is set to 1, AES decryption of 512
bytes written to the NAND_RAML1 buffer is
started.

0 decryptRAMO W 0 Decrypt RAMO.
When this bit is set to 1, AES decryption of 512
bytes written to the NAND_RAMO buffer is
started.

description

UM10315

In Figure 2-2 the architecture of the NAND flash controller is displayed. The access to the
AHB bus is done via the NAND-AHB interface module which resides inside of the NAND
flash controller module. Two 528 bytes (132-words x 32-bits) SRAMs which are placed
inside of the NAND flash controller module, are connected to the internal NAND controller
in parallel and the access to these SRAMs is shared with the control module. All data path
modules (codec, error corrector, syndrome generator, parity generator, NAND interface)
are controlled by the main control module. The configuration registers are kept in a
separate sub-module which is connected to the APB interface. These registers run on the
NANDFLASH_PCLK. In write mode the data is retrieved out of the SRAM by the NAND
flash controller and written to the NAND flash device after being protected with parity
symbols. In read mode the data is read from the NAND flash device and temporarily
stored in one of the SRAMSs to have it corrected by the error corrector. When these
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operations are done, the data can be randomly accessed from the SRAMs over the AHB
bus using zero wait-states AHB access. The AHB bus is only burdened with data transfers
for a very limited time. (the time to upload or download the contents from the SRAM using
zero wait states). In decode mode, once the command, address and data have been sent,
everything is taken over by the NAND flash controller and the AHB bus is free. In encode
mode, the command and data are sent and the AHB bus is again freed up until the
moment that the data is available in the SRAM.

AHB MULTILAYER MATRIX

,]/\r

| NAND-AHB INTERFACE |
SRAM SRAM
(BUFFER RAMO) (BUFFER RAM1)
NAND CONTROL > DMA transfer request
1 1 I
CONFIGURATION ECC
L\
APB <: AND ENCODER/ RES O
[ 7 CONTROL DECODER | | PECODER
REGISTERS
N
NAND INTERFACE
NAND FLASH
CONTROLLER
NgX
MPMC > EBI NAND flash
control
NAND flash
data
EXTERNAL |/ NAND FLASH
MEMORY

(1) On LPC3152/54 only.
Fig 2.  NAND flash controller internal architecture

6.1 NAND timing diagrams

Table 2—-37 shows the timing diagram for the timing parameters in registers
NandFlashTimingl and NandFlashTiming2.
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Table 37. NAND flash timing parameters
Symbol Parameter Description
twp WE pulse width This value also covers the tpg, (data setup time) since the
data is set up on the 1/O line at the same moment as the
falling edge of the WE pulse.
twi WE HIGH hold  The minimum number of clock cycles that the WE pulse is
time held high before a next falling edge.
trp RE pulse width ~ The number of clock cycles that the RE pulse is
de-asserted.
tREH RE HIGH hold The minimum number of clock cycles that the RE pulse is
time held high before a next falling edge.
tcLH CLE hold time The number of clock cycles that CLE remains asserted
after the rising edge of WE.
tcLs CLE set-up time  The number of clock cycles between the rising edge of
CLE and the falling edge of WE during a command
transfer.
tALH ALE hold time The number of clock cycles that ALE remains asserted
after the rising edge of WE.
taLs ALS set-up time  The number of clock cycles between the rising edge of
ALE and the falling edge of WE during a command
transfer.
tcs CE set-up time The number of clock cycles between the falling edge of
CS and the first active signal to the NAND flash.
tcH CE hold time The number of clock cycles between the last active signal
to the NAND flash and the rising edge of CS.
tbrD data inputdelay =~ The number of clock cycles between the rising edge of the
time RE signal and the cycle that the data is clocked in by the
controller in case of hardware controlled burst read
access.
tsrD single data input ~ The number of clock cycles between the rising edge of the
delay time RE signal and the cycle that the data is clocked in by the
controller in case of software controlled single read
access.
teBIDEL EBI delay time The number of clock cycles between the rising edge of CS

and the falling edge of ebireq (request) when backing off
from the EBI.

OR

The number of clock cycles between the rising edge of
ebignt (grant) and the falling edge of CS when going on
the EBI.
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mNAND_NCS

tcs tcH
- -~
twp  twH
EBI_NWE

EBI_A_1 CLE \_/ \_
tcLs - -
—| |+tcH
EBI_A_O_ALE \ ’
taLs — -
— - taAlH

tRp |IREH

EBI_DQM_0_NOE
002aae353

Fig 3. NAND flash WE, RE, CLE, ALE, CE timing

EBI_NWE \ / \ / \ /

{EBIDEL

-

NAND_NCS_n

ebi_request

{EBIDEL
-

ebi_acknowledge

NAND_NCS_n

Fig 4. NAND flash EBI request/acknowledge timing

6.2 Error correction

6.2.1 Reed-Solomon code definition

The error correction code used is Reed-Solomon over GF(279). The primitive polynomial
g(x) over GF(2) is:

g(x) =x9% + x4 +1
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The code is a Reed-Solomon code of length 469, dimension 459, and minimum distance
11. In each codeword the 10 parity symbols are defined by the remainder polynomial R(x)
to form the code RS(469,459,11).

R(x) = M(x) x x10 mod P(x)
where M(X) is the information and P(x) the generator polynomial for the RS code:
1)

458
M(x) = Y B

i=0

)

9

P() = [T (x+ o)

k=0

and a has the hexadecimal 9-bit representation 0x002. a is a root of the primitive
polynomial g(x) = x2 + x4 +1.
6.2.2 Mapping of the code onto flash pages

A flash page consists of 512 bytes + 16 redundant bytes or a multiple of this. Currently
2048 byte pages + 64 redundant bytes are widely used. The concept is to subdivide every
page into groups of 512 information bytes and 16 redundant bytes.

A 2K flash will be subdivided as shown in

2048 bytes | 64 |

1 1 1 1
512 bytes 6 512 6 512 6 512 | 6 |

512 bytes | 4 | 12 |
2x3
l }mmy bits

4096 bits | 32 |3 | 90 parl 3 |

459 words | ow | 3

Fig 5. Structure from flash page to ECC code words
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The 16 redundant bytes are subdivided into:

* 4 bytes free for purposes like wear-leveling, building tables. (an ECC layer can
also be applied also over these bytes).
¢ 12 remaining bytes that consist of 10 parity symbols (90 bits) + 6 dummy bits.

In the end the 459 data words (9 bits per data word) consist of

e 512 data bytes
* 4 extra bytes
¢ 3 dummy bits at the end

The 10 remaining parity words consist of

¢ 10 parity symbols
¢ 3 dummy bits at the end

Error correction flow implementation
The error correction flow starting from a codeword C(x) is shown in Figure 2—6 and follows
these steps:

1. Calculate syndromes out of the received codeword.

2. Solve key equation via the Euclidean algorithm.

3. The result of this is the error locator polynomial E(x) and the error evaluator
polynomial L(x).

4. Search for zeros of error locator polynomial using the chien search & Forney
algorithm.

5. Evaluate Q(x) at zeros of L(x).
6. Send out error locations and values.

Calc error Err ata_location
locati ons >
A(X) CHIEN
Search
C(x) S(x)
—»{ Syndrome > Solve
generation Key Equation v
Euclidean  Q(x) Calc error Errata_value
values >
Algorithm FORNEY
Algoritm
Fig 6. Reed-Solomon error correction
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AES decryption

To decrypt the program code with an algorithm like AES, a hardware implementation is
needed. To do this without increasing the load on the AHB bus, it is essential that the AES
decryption is integrated in the NAND controller module so that ECC and AES can be
performed in one go.

In the NAND flash controller, an AES module is connected to the main control module.
This module is kicked off after error correction in decode mode. In the read flow, the
encrypted data is first read from the flash, error corrected, decrypted in hardware and
stored back in the SRAM.

This module needs 11 to 12 clock cycles per 128 bit to process.

Before the module can be used, an AES key and initial value need to be programmed.
This is done via four registers, writing four times 32-bit to build the 128-bit values. Upon
writing the fourth word the NAND flash controller automatically programs the key/initial
value into the AES module. The first register value is the least significant 32 bit field in the
128bit word. The last register value is the most significant 32 bit field in the 128 bit word.

The data is read from the SRAM in chunks of four words, processed in the AES module
and sent decrypted back into the SRAM. To pipeline this as much as possible the AES
controller reads the next chunk of four words before it is actually needed and stores itin a
128 bit register. In this way the time to decrypt 512 bytes is reduced to around 400 clock
cycles.

The data is decrypted in little endian mode. This means that the first byte read from flash
is integrated into the AES codeword as least significant byte. The 16th byte read from
flash is the most significant byte of the first AES codeword.

EBI operation

To support pin sharing with other memory controllers, NAND flash controller accesses the
NAND flash through the EBI module. For every access to the NAND flash, the NAND flash
controller will first request access through the EBI before initiating the access. When the
access is done, NAND flash withdraws itself from the EBI bus.

Short access can not be interrupted via the ebibackoff signal. These accesses are:

¢ single byte read
* single byte write
* command write

e address write

A burst data access can be interrupted by the ebibackoff signal. This is done by going off
the EBI bus after first deactivating the chip select signal. To be able to use this function the
NAND flash needs to be a “CEn don'’t care” device as the chip select signal to NAND flash
will be deactivated before going off the EBI bus. When the EBI bus is free again, chip
select is again activated and the burst data access is continued.

Currently, the majority of NAND flash devices support “CEn don’t care”. With “CEn don’t
care”, it is possible to interrupt a sequential read/write by de-asserting CEn high. When
CEn is high, the NAND flash device will ignore the values on the NAND flash control
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signals. This makes it possible to interrupt a sequential read/write, and pin-share the
NAND flash control signals with control signals of other memory controllers. To resume
the sequential read/write, CEn is asserted low again.

The NAND flash controller also has an option to disable this CEn deactivation during the
EBI back off procedure.

7. Power optimization

Several mechanisms can be used to save power in the NAND flash controller.

* Internal clock gating is inserted during synthesis
* The presence of variable clock scaling will switch the clocks to a lower frequency

¢ Software is able to enable or disable every clock to save power when certain parts are
not used

— Software is able to switch clocks in the CGU module, which is the source of the
NAND flash controller clocks.

8. Programming guide

8.1

UM10315

The NAND flash controller can be controlled fully by software, or partly by software and
partly by hardware. Both options are described in the next paragraphs.

Software controlled access

The software has basic control over the NAND flash device by accessing registers in the
NAND flash controller over the APB bus. The NAND flash controller will then make sure
that the 10 signals react in the corresponding way. This is implemented in the form of a
number of independent actions. These are summed up in Table 2—38
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Table 38. NAND flash controller software control

Command Resulting action
Write NandSetCmd register for Hardware pulls
NAND flash controller command.  ¢s down
CLE up & puts command value on the 1/O lines
WE down
WE up
CLE down
CE up
Write NandSetAddr register for Hardware pulls
NAND flash controller address. CS down
ALE up & puts command value on the /O lines
WE down
WE up
ALE down
CE up
Write NandWriteData register for ~ Hardware pulls
NAND flash controller write data.  cs down
WE down & puts data on the I/O lines
WE up
CSup
Read NandReadData register for ~ Hardware pulls
NAND flash controller read data.  cg gown
RE down
RE up & clocks in data from I/O lines
CSup

Hardware controlled access

In this mode the hardware directly performs read and write operations using RE_n/WE_n
pulses to the NAND flash device. The ARM processor makes sure that the necessary
commands and addresses are supplied to the NAND flash device. To do this it programs
registers over the APB bus in the NAND flash controller. A read or write burst access is
initiated by the NAND flash controller after receiving a command from the CPU. The
NAND flash controller will always read data in chunks of 528 bytes per read page
command regardless of the fact that the error corrector is turned on or off. For writing the
same is valid.

Writing small page NAND flash devices

The following steps are performed when writing a page into a NAND flash device with
512byte large pages. Figure 2—7 illustrates this flow.

1. ARM or DMA writes the 512 or 516 bytes of target data into the SRAM. This triggers
the ECC to start generating parity symbols. The RS encoding action is automatically
started when the controller detects that byte 512 or byte 516 (can be configured inside
the NAND flash controller) is written to one of the SRAMSs.
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2. ARM sends the data! for the CE,CLE and ALE sequences to the NAND flash

controller.

3. ARM sends write_page command, via register NandControlFlow. This will trigger the
NAND flash controller to write the contents of the SRAM to the NAND flash device as

soon as possible (after filling in the parity bytes).

N o o &

When done the NAND flash controller triggers an interrupt.

ARM writes secondary write command to command register.

NAND flash controller polls the busy signal, when it goes high an interrupt is triggered.
ARM can read the status information via command register and an RE pulse.

Note 1: This is writing the command and address values to the registers in the NAND flash
controller, this automatically initiates proper CLE/ALE sequence to the NAND flash

device.

T T

DMA or ARM
fills
SRAM

ECC

DMA_en

\/

write_page ->
Controller writes SRAM
contents to flash

INT

ARM writes CLE2

Controller polls
busy signal

ARM sends
CE, CLE, ALE
sequence

INT

Fig 7. Encode flow of events for 0.5 kByte page NAND flash devices

8.3.1 Writing large page NAND flash devices

In the case of a NAND flash device with pages larger that 0.5kB (2kB for example), the
ARM only needs to send new commands and addresses every fourth time.

1.This is writing the command and address values to the registers in the NAND flash controller, this automatically initiates proper

CLE/ALE sequence to the NAND flash device.

UM10315
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8.3.2 Read small page NAND flash devices
The following steps are performed when reading a 528 byte group from the NAND flash
device.
1. ARM sends the sequence and datal! for the CE,CLE and ALE pulses

2. When the NAND flash device is ready the NAND flash controller starts reading the
data from the NAND flash device using RE pulses

3. When the SRAM has been filled, the error correction is started up on the code word
automatically. At the same time, the NAND flash controller triggers an interrupt to let
the ARM know that it can start a new read operation

4. After ECC operations have finished, the previous decoded data can be read from the
SRAM.

Note 1: This is writing the command and address values to the registers in the NAND flash
controller, this automatically initiates proper CLE/ALE sequence to the NAND flash
device.

8.3.3 Read large page NAND flash devices

As explained earlier for encode mode the ARM only needs to send new commands and
addresses every fourth time in the case of a NAND flash device with 2kB large pages.
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The multi-port memory controller supports the interface to a large number of memory
types, such as SDRAM, Low-power (LP) SDRAM, flash, Synchronous Micron flash and
ROM.

1.1 Feature list

AMBA 32-bit AHB compliancy.

Dynamic-memory interface support including SDRAM, JEDEC low-power SDRAM
and Micron SyncFlash.

Asynchronous static memory device support, including RAM, ROM and flash with or
without asynchronous page mode.

Low transaction latency.

Read and write buffers to reduce latency and to improve performance, particularly for
un-cached processors.

Two AHB-interfaces:
— one interface for accessing external memory.

— one separate control interface to program the MPMC. This enables the MPMC
registers to be situated in memory with other system peripheral registers.

8-bit and 16-bit wide static memory support.

16-bit wide chip select SDRAM memory support.

16-bit wide chip select Micron SyncFlash memory support.
Static memory features include:

— Asynchronous page mode read

Programmable wait states
— Bus turnaround delay

Output enable and write enable delays
Extended wait

One chip select for synchronous memory devices and two chip selects for static
memory devices.

Software controllable HCLK to MPMCCLKOUT ratio.

Power-saving modes control dynamically SDRAM clock enable EBI_CKE (pin
mLCD_E_RD) and EBI_CLKOUT (pin mLCD_DB_0).

Dynamic-memory self-refresh mode supported by either a Power Management Unit
(PMU) interface or by software.

Controller supports 2K, 4K and 8K row address synchronous-memory parts. That is
typical 512 Mbit, 256 Mbit, 128 Mbit and 16 Mbit parts, with either 8 DQ bits or 16 DQ
bits per device.
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¢ Two reset domains enable dynamic-memory contents to be preserved over a soft
reset.

* Locked AHB-transactions supported.
* Support for all AHB burst types.
¢ Little-endian and big-endian support.

¢ Support for the External Bus Interface (EBI) that enables the memory controller pads
to be shared.

2. General description

UM10315

2.1

Interface diagram

Figure 3-8 shows the interface diagram of the MPMC module with all connected modules
in this IC. The bus-width on the pads reflects the number of bits that are used in this IC.
This is because only 16 address and data lines are used. In addition, only one dynamic
device and two static devices are supported.
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AHB
EBI_A [15:2]
L » EB A_O_ALE
EBI_A_1_CLE
CGU ——» EBI_CKE
MPMC_CFG_CLK » HCLK EBI_CLKOUT
reset »| HRESETn
|—> nPOR l«——> EBI_D[15:0]
MPMC_CFG_CLK2 » MPMCCLK
o » MPMCFBCLKINO
g » MPMCFBCLKIN1
» MPMCFBCLKIN2 ——» EBI_DQM_1
S » MPMCFBCLKIN3
© » MPMCCLKDELAY
| MPMC ——» EBI_NCAS_BLOUT 0
EBI « ¢ | » EBI_NRAS_BLOUT 1
CONTROL <
——» EBI_DQM_0_NOE
——» EBI_NWE
SYSCREG
MPMC DELAY REGISTERS » — EBI_NDYCS
MPMC CONFIG REGISTERS
SDRAM REFRESH .
GENERATOR —» EBI_NSTCS_[1.0]
MPMC_CFG_CLK3 4’—:D_'
Fig 8. MPMC module interface diagram

2.2 Interface description

2.2.1 Clock signals

Table 3—39 shows an overview of all clocks that are connected to the MPMC module.

Table 39. MPMC module clock overview

Internal MPMC Clock Clock name I/O Source / Destination  Description

Name

HCLK MPMC_CFG_CLK | CGU Main AHB bus clock

MPMCCLK MPMC_CFG_CLK_2 I CGU Clock for timing all external memory

transfers. Should be synchronous to
HCLK, where MPMCCLK can be twice
the frequency of HCLK

MPMCCLKOUT EBI_CLKOUT (0] MPMC Clock towards SDRAM devices. Follows
MPMCCLK
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Table 39. MPMC module clock overview

Internal MPMC Clock Clock name I/0 Source / Destination  Description
Name
CLK MPMC_CFG_CLK3 | CGU clock used to generate the refresh

pulses towards SDRAM - not influenced
by variable clock scaling.

Feedback clocks to re-synchronize SDRAM read data from the off-chip to on-chip domains.

MPMCFBCLKINO
MPMCFBCLKIN1
MPMCFBCLKIN2
MPMCFBCLKIN3
MPMCCLKDELAY

UM10315

Delayed clock from | CGU Feedback clock 0
MPMC—C_FG—CLK—Z | CGU Feedback clock 1
(see Section 27-4.6.2)
CGU Feedback clock 2
| CGU Feedback clock 3
| CGU Delayed version of MPMCCLK, used in

command delayed mode

Several clocks are connected to the MPMC module. Figure 3-9 gives an overview of all

Fig 9. MPMC module clock connection overview

connections.
ceU SDRAM refresh
MPMC_CFG_CLK_3 ;I CLK
MPMC
MPMC_CFG_CLK »{ HCLK
MPMC_CFG_CLK_2 » MPMCCLK
MPMCCLKOUT[OJ—{ " oo
> bro —» EBI_CLKOUT
SSCREG 116] fer2 —s|MPMCCLKDELAY »| o3
MPMC_delaymodes[17:0] =
MPMCFBCLKINO
MPMCFBCLKIN1
> prog MPMCFBCLKIN2
501 | delr MPMCFBCLKIN3
[17:12]

In total 3 delay lines are available, which are described below:

¢ MPMCCLKDELAY: The amount of delay for MPMCCLKDELAY w.r.t. HCLK (see

prog_del2 block in Figure 3-9) can be programmed with register MPMC_delaymodes
bits [11:6]. All outgoing signals (data, address and commands) will be delayed with
respect to MPMCCLKOUT

MPMCCLKOUT: The amount of delay for MPMCCLKOUT w.r.t. MPMCCLK (see
prog_del3 block in Figure 3-9) can be programmed with register MPMC_delaymodes
bits [17:12]. MPMC_CLKOUT/EBI_CLKOUT can get an extra delay w.r.t. outgoing
data, address and commands

MPMCFBCLKIN3..0: The amount of delay for MPMCFBCLKIN3..0, w.r.t. MPMCCLK
(see prog_dell block in Figure 3-9) can be programmed with register
MPMC_delaymodes bits [5:0]. This delay is used to fine-tune the register moment of
data that is read from external memory.

Register MPMC_delaymodes[17:0] resides in the SYSCREG module (see Table 27-556).
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The MPMC_CFG_CLK_3is a clock that is not influenced by variable clock scaling and
used to generate the refresh pulses towards SDRAM.

Reset sighals

Table 3—40 shows an overview of all resets that are connected to the MPMC module.

Table 40. MPMC module reset overview

Name Type Description

HRESETnN I Active low reset for this module

nPOR I Active low power on reset for this module

External pin connections

Table 3—-41 shows all external pin connection signals towards and from the MPMC

module.

MPMC module external signals

MPMC module name

MPMCADDROUT[15:0]

MPMCCKEOUTO

MPMCCLKOUTO

MPMCDATAIN[15:0]

MPMCDATAOUT[15:0]

MPMCDQMOUT1

MPMCDQMOUTOL2)
nMPMCOEOUTI3!

nMPMCBLSOUTO/
NMPMCCASOUT

nMPMCBLSOUT1/
NMPMCRASOUT

NMPMCDYCSOUTO

NMPMCSTSCOUT[1:0]

nMPMCWEOUT

Pin name/

function

mLCD_DB_[15:2]/ EBI (@]
EBI_A [15:2]l and

EBI_A_O_ALE,

EBI_A 1 CLE

mLCD_E_RD/ EBI (@]
EBI_CKEL

mLCD_DB_0/ EBI (0]
EBI_CLKOUTL

EBI_D[15:0] EBI |
EBI_D[15:0] EBI (@)
mLCD_RW_WR/ EBI (0]
EBI_DQM_1[

EBI_DQM_0_NOE EBI (0]
EBI_NCAS_BLOUT_O EBI (0]
EBI_NRAS_BLOUT_1 EBI (0]
mLCD_RS/EBI_NDYCS EBI (0]
mLCD_CSB/EBI_NSTCS_ 01l EBI (@)
and mLCD_DB_1/

EBI_NSTCS_1[

EBI_NWE EBI (0]

Interface Type Description

Address output. Used for both static and
SDRAM devices.

SDRAM clock enables. Used for SDRAM
devices.

SDRAM clocks. Used for SDRAM devices.

Read data from memory. Used for both static
memory and dynamic memory devices.

Data output to memory. Used for both static
memory and dynamic memory devices.

Data mask output to SDRAMSs. Used for
SDRAM devices.

For static memory devices this is data mask
output (MPMCOEOQUT). And for SDRAM
devices this is MPMCDQMOUTIO0].

Byte lane 0 select (active low) for Static
memories ("(MPMCBLSOUTO0). Same signal
acts as column strobe for SDRAM devices
(nMPMCCASOUT)

Byte lane 1 select (active low) for Static
memories ("(MPMCBLSOUT1). Same signal
acts as row strobe for SDRAM devices
(nMPMCRASOUT).

SDRAM chip selects. Used for SDRAM
devices.

Static memory chip selects. Default active low.
Used for static memory devices.

Write enable. Used for SDRAM and static
memories.

UM10315
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[1] The EBI address and control pins are multiplexed with the LCD data and control pins (see Section 27-4.8).

[2] For SDRAM devices.

[3] For static memory devices.

UM10315

2.3

231

2.3.2

2.3.3

234

2.35

2.3.6

2.3.7

Functional description

The multi-port memory controller block optimizes and controls external memory
transactions. The functions of the MPMC blocks are described in this chapter.

AHB slave register interface

The AHB slave register interface block enables the registers of the MPMC to be
programmed. This module also contains most of the registers and performs the majority of
the register address decoding.

Memory transaction endianness and transfer width towards registers

To eliminate the possibility of endianness problems, all data transfers to and from the
registers of the MPMC must be 32-bits wide. when an access is attempted with a size
other than a word (32-bits), it causes an ERROR response on HRESP and the transfer is
terminated.

AHB slave memory interfaces

The AHB slave memory interfaces enable devices to access the external memories. The
memory interfaces are prioritized, with interface 0 having the highest priority. Having more
than one memory interface enables high-bandwidth peripherals direct access to the
MPMC, without data having to pass over the main system bus. All AHB burst types are
supported, enabling the most efficient use of memory bandwidth. The AHB interfaces do
not generate SPLIT and RETRY responses.

Memory transaction endianness

The endianness of the data transfers to and from the external memories are determined
by the Endian mode (N) bit in the MPMCConfig register. The memory controller must be
idle (see the busy field of the MPMCStatus register) before endianness is changed, so
that the data is transferred correctly.

Memory transaction size

Memory transactions can be 8-bits, 16-bits or 32-bits wide. Any access attempted with a
size greater than a word (32-bits) causes an ERROR response on HRESP and the
transfer is terminated.

Write protected memory areas

Write transactions to write-protected memory areas generate an ERROR response on
HRESP and the transfer is terminated.

Arbiter

The arbiter arbitrates between the AHB slave memory interfaces. AHB interface 0 has the
highest access priority and AHB interface 3 has the lowest priority.
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2.3.8 Data buffers

The AHB interfaces use read and write buffers to improve memory bandwidth and reduce
transaction latency. The MPMC contains four 16-word buffers. The buffers are not tied to a
particular AHB interface and can be used as read buffers, write buffers or a combination of
both. The buffers are allocated automatically. Because of the way the buffers are
designed they are always coherent for reads and writes and across AHB memory
interfaces. The buffers are enabled on a memory bank basis, using the
MPMCDynamicConfig or the MPMCStaticConfig registers.

Write buffers are used to:

* Merge write transactions so that the number of external transactions are minimized.

¢ Buffer data until the MPMC can complete the write transaction improving AHB write
latency.

¢ Convert all dynamic memory write transactions into quad word bursts on the external
memory interface. This enhances transfer efficiency for dynamic memory.

* Reduce external memory traffic. This improves memory bandwidth and reduces
power consumption.

Write buffer operation:
* When the buffers are enabled, an AHB write operation writes into the Least Recently

Used (LRU) buffer when empty.

* When the LRU buffer is not empty the contents of the buffer are flushed to memory to
make space for the AHB write data.

* When a buffer contains write data it is marked as dirty and its contents are written to
memory before the buffer can be reallocated.
The write buffers are flushed whenever:
* The memory controller state machine is not busy performing accesses to external
memory.
* The memory controller state machine is not busy performing accesses to external
memory and a AHB interface is writing to a different buffer.
The smallest buffer flush is a quad word of data.
Read buffers are used to:
¢ Buffer read requests from memory. Future read requests that hit the buffer read the
data from the buffer rather than memory reduce transaction latency.

* Convert all read transactions into quad word bursts on the external memory interface.
This enhances transfer efficiency for dynamic memory.

* Reduce external memory traffic. This improves memory bandwidth and reduces
power consumption.

Read buffer operation:

* When the buffers are enabled and the read data is contained in one of the buffers the
read data is provided directly from the buffer.
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* When the read data is not contained in a buffer, the LRU buffer is selected. when the
buffer is dirty (contains write data), the write data is flushed to memory. When an
empty buffer is available the read command is posted to the memory. While the
memory controller is waiting for the data to be returned the memory controller can
re-arbitrate to enable additional memory transactions to be processed. When the first
data item is returned from memory the read data is provided to the respective AHB
port. Other AHB ports can access the data in the buffer when the read transaction has
completed.

A buffer filled by performing a read from memory is marked as not-dirty (not containing
write data) and its contents are not flushed back to the memaory controller unless a
subsequent AHB transfer performs a write that hits the buffer.

2.3.9 Memory controller state machine

The memory controller state machine comprises two functional blocks:

* A static memory controller

* A dynamic-memory controller
The memory controller state machine holds up to two requests in its internal buffer. It
prioritizes and rearranges accesses to maximize memory bandwidth and minimize
transaction latency. For example, when AHB interfaces 1 and 0 simultaneously request a
data transfer from dynamic memory to different memory banks, and the port O request

address is to a closed page, but port 1 address is for an already open page, the following
sequence Occurs:

* The ACT command is sent to open the SDRAM row specified by the AHB interface 0
address.

* The AHB interface 1 access is completed.

* The AHB interface 0 access is completed.

The access priority is modified to take into account the ease of getting data to complete
each transfer, but the access priority is always biased to the highest priority AHB interface.

2.3.10 Pad interface

The pad interface block provides the interface to the pads. The pad interface uses
feedback clocks, MPMCFBCLKINJ[3:0], to re synchronize SDRAM read data from the
off-chip to on-chip domains.

3. Register overview

The registers shown in Table 3—-42 are part of the MPMC module. Each register is
accessible via the AHB register interface. Note that some configuration registers reside in
the SYSCREG module (see Section 27—4.6.1).
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Table 42. Register overview: MPMC module (register base address: 0x1700 8000)

Name R/W Address Description
Offset
MPMCControl R/W  0x000 Control Register
MPMCStatus R 0x004 Status Register
MPMCConfig R/W  0x008 Configuration register
MPMCDynamicControl R/W  0x020 Dynamic Memory Control Register

MPMCDynamicRefresh R/W  0x024 Dynamic Memory Refresh Timer Register
MPMCDynamicReadConfig R/W 0x028 Dynamic Memory Read Configuration Register

MPMCDynamictRP R/W  0x030 Dynamic Memory Precharge Command Period
Register

MPMCDynamictRAS R/W  0x034 Dynamic Memory Active To Precharge Command
Period Register

MPMCDynamictSREX R/W  0x038 Dynamic Memory Self-refresh Exit Time Register

MPMCDynamictAPR R/W 0x03C Dynamic Memory Last Data Out To Active Time
Register

MPMCDynamictDAL R/W  0x040 Dynamic Memory Data-in To Active Command
Time Register

MPMCDynamictWR R/W  0x044 Dynamic Memory Write Recovery Time Register

MPMCDynamictRC R/W  0x048 Dynamic Memory Active To Active Command
Period Register

MPMCDynamictRFC R/W  0x04C Dynamic Memory Auto-refresh Period Register

MPMCDynamictXSR R/W  0x050 Dynamic Memory Exit Self-refresh Register

MPMCDynamictRRD R/W  0x054 Dynamic Memory Active Bank A to Active Bank B
Time Register

MPMCDynamictMRD R/W  0x058 Dynamic Memory Load Mode Register To Active

Command Time Register
MPMCStaticExtendedWait R/W  0x080 Static Memory Extended Wait Register
MPMCDynamicConfig0 R/W  0x100 Dynamic Memory Configuration Registers 0
MPMCDynamicRasCas0 R/W  0x104 Dynamic Memory RAS and CAS Delay Registers 0
- R/W 0x120- reserved

0x164
MPMCStaticConfig0 R/W  0x200 Static Memory Configuration Registers 0
MPMCStaticWaitWenO R/W  0x204 Static Memory Write Enable Delay Registers 0
MPMCStaticWaitOen0 R/W  0x208 Static Memory Output Enable Delay Registers 0
MPMCStaticWaitRdO R/W  0x20C Static Memory Read Delay Registers 0
MPMCStaticWaitPage0O R/W  0x210 Static Memory Page Mode Read Delay Registers 0
MPMCStaticWaitWr0 R/W 0x214 Static Memory Write Delay Registers 0
MPMCStaticWaitTurnO R/W  0x218 Static Memory Turn Round Delay Registers 0
MPMCStaticConfigl R/W  0x220 Static Memory Configuration Registers 1
MPMCStaticWaitWen1 R/W  0x224 Static Memory Write Enable Delay Registers 1
MPMCStaticWaitOenl R/W  0x228 Static Memory Output Enable Delay Registers 1
MPMCStaticWaitRd1 R/W 0x22C Static Memory Read Delay Registers 1
MPMCStaticWaitPagel R/W  0x230 Static Memory Page Mode Read Delay Registers 1
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Table 42. Register overview: MPMC module (register base address: 0x1700 8000) ...continued

Name R/W Address Description

Offset
MPMCStaticWaitWrl R/W  0x234 Static Memory Write Delay Registers 1
MPMCStaticWaitTurnl R/W  0x238 Static Memory Turn Round Delay Registers 1
- R/W 0x240- reserved

0x278

4. Register description

4.1

UM10315

The chapters that follow will give a description for each register that resides in the MPMC
module.

MPMC control

The MPMCControl register is a 3-bit, read/write register that controls the memory
controller operation. The control bits can be altered during normal operation. This register
can be accessed with zero wait states. Table 3—-43 gives a description of register
MPMCControl.

Table 43. Description of the register MPMCControl (address 0x1700 8000)

Bit Symbol Access Reset  Description
Value

31:3 - - - Reserved
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Table 43. Description of the register MPMCControl (address 0x1700 8000)

Bit Symbol Access Reset  Description
Value

2 L R/W 0x0 Indicates normal or low-power mode:

® 0 = normal mode (reset value on nPOR and
HRESETN)

* 1 = low-power mode

Entering low-power mode reduces the power
consumption of the memory controller. The Dynamic
Memory is refreshed as necessary. The memory
controller returns to normal functional mode by clearing
the low-power mode bit (L), or by AHB or power-on reset.
This bit must only be modified when the MPMC is in the
idle state. (11

1 M R/W 0x1 Indicates normal or reset memory map:
® 0 =normal memory map
® 1 =reset memory map.

Static memory chip select 1 is mirrored onto chip select O
(reset value on nPOR)
On power-on reset, chip select 1 is mirrored to both chip

select 0 and chip select 1 memory areas. Clearing the M
bit enables chip select 0 memory to be accessed.

0 E R/W 0Ox1 Indicates when the MPMC is enabled or disabled:
* (0 =disabled
* 1 =enabled (reset value on nPOR and HRESETNn)

Disabling the MPMC reduces power consumption. When
the memory controller is disabled the memory is not
refreshed. The memory controller is enabled by setting
the enable bit or by AHB or power-on reset. This bit must
only be modified when the MPMC s in the idle state. [l

[1] The external memory cannot be accessed in either the low-power or the disabled state. When a memory
access is performed, an error response is generated. The memory-controller AHB-register
programming-port can be accessed normally. You can program the MPMC registers in the low-power
and/or the disabled state.

4.2 MPMCStatus

The 3-bit read-only MPMCStatus register provides MPMC status information. This register
can be accessed with zero wait states. Table 3-44 gives a description of register
MPMCStatus.

Table 44. Description of the register MPMCStatus (address 0x1700 8004)

Bit Symbol Access Reset Description
Value

31:3 - - - Reserved
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Table 44. Description of the register MPMCStatus (address 0x1700 8004) ...continued

Bit Symbol Access Reset Description
Value

2 SA R 0x1 This bit indicates the operating mode of the MPMC:
0 = normal mode
1 = self-refresh mode (reset value on nPOR).

1 S R 0x0 Write buffer status. This bit enables the MPMC to enter
cleanly either low-power mode or disabled mode:
0 = write buffers empty (reset value on nPOR)
1 = write buffers contain data.

0 B R 0x1 This bit ensures that the memory controller enters cleanly
either the low-power mode or the disabled mode by
determining whether the memory controller is busy or not:
0 = MPMC is idle (reset value on HRESETn)

1 = MPMC is busy performing memory transactions,
commands, auto-refresh cycles or is in self-refresh mode
(reset value on nPOR and HRESETNn).

4.3 MPMCConfig

The 2-bit, read/write, MPMCConfig register configures the operation of the memory
controller. It is recommended that this register is modified either during system
initialization or when there are no current or outstanding transactions. This can be
ensured by waiting until the MPMC is idle and then entering either low-power or disabled
mode.

MPMCConfig is accessed with one wait state. Table 3—-45 gives a description of register
MPMCConfig.

Table 45. Description of the register MPMCConfig (address 0x1700 8008)

Bit Symbol Access Reset Description
Value
31:9 - - - Reserved
8 CLK R/W 0x0 Clock ratio, CLK HCLK:MPMCCLKOUT ratio:
0 = 1:1 (reset value on nPOR)
1=1:2
71 - - - Reserved
N R/W 0x0 Endian mode, N Endian mode:

0 = little-endian mode

1 = big-endian mode.

The MPMCBIGENDIAN signal determines the value of the
endian bit on power-on reset, nPOR. Software can override
this value. This field is unaffected by the AHB reset,
HRESETn. i

[1] The value of the MPMCBIGENDIAN signal is reflected in this field. When programmed this register reflects

the last value that is written into it. You must flush all data in the MPMC before switching between
little-endian mode and big-endian mode.
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4.4 MPMCDynamicControl

The 9-bit, read/write, MPMCDynamicControl register is used to control dynamic-memory
operation. The control bits can be altered during normal operation. This register can be
accessed with zero wait states. Table 3—46 gives a description of register

MPMCDynamicControl.
Table 46. Description of the register MPMCDynamicControl (address 0x1700 8020)
Bit Symbol Access Reset Description
Value
31:14 - - 0x0 Reserved
13 DP R/W 0x0 Low-power SDRAM deep-sleep mode, DP:

0 = normal operation (reset value on nPOR)
1 = enter deep power down mode

129 - - 0x0 Reserved

8:7 | R/W 0x0 SDRAM initialization, I:
00 =issue SDRAM NORMAL operation command
(reset value on nPOR)
01 = issue SDRAM MODE command
10 = issue SDRAM PALL (pre charge all)

command
11 = issue SDRAM NOP (no operation)
command)
- - 0x0 Reserved
MMC R/W 0x0 Memory clock control, MMC:
0 = MPMCCLKOUT enabled (reset value on
nPOR)
1 = MPMCCLKOUT disabled [
4:3 - - 0x0 Reserved
2 SR R/W 0x0 Self-refresh request, MPMCSREFREQ, SR:

0 = normal mode

1 = enter self-refresh mode (reset value on
nPOR)

By writing 1 to this bit, self-refresh can be entered
under software control. Writing O to this bit returns
the MPMC to normal mode.

The self-refresh acknowledge bit in the
MPMCStatus register must be polled to discover
the current operating mode of the MPMC. &

1 CS R/W 0x0 Dynamic-memory clock control, CS:
0 = MPMCCLKOUT stops when all SDRAMs are
idle and during self-refresh mode
1 = MPMCCLKOUT runs continuously (reset
value on nPOR)
When the clock control is LOW the output clock
MPMCCLKOUT is stopped when there are no
SDRAM transactions. The clock is also stopped
during self-refresh mode.

0 CE R/W 0x0 Dynamic-memory clock enable, CE:
0 = clock enable of idle devices are deserted to
save power (reset value on nPOR)
1 = all clock enables are driven HIGH
continuously &l
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[1] You can disable MPMCCLKOUT when there are no SDRAM memory transactions. When enabled you can
use this field in conjunction with the dynamic-memory clock control (CS) field.

[2] The memory controller exits from the power-on reset with the self-refresh bit on HIGH. To enter normal
functional mode, set this bit LOW. Writing to this register with a HIGH places this register into the
self-refresh mode. This functionality enables data to be stored over SDRAM self-refresh when the ASIC is
powered down.

[3] Clock enable must be HIGH during SDRAM initialization.

MPMCDynamicRefresh

The 11-bit, read/write, MPMCDynamicRefresh register configures dynamic-memory
operation. It is recommended that this register is modified either during system
initialization or when there are no current or outstanding transactions. This can be
ensured by waiting until the MPMC is idle and then entering during either the low-power or
the disabled mode. However, these control bits can be altered during normal operation
when necessary. This register is accessed with one wait state. Table 3-47 gives a
description of register MPMCDynamicRefresh.

Table 47. Description of the register MPMCDynamicRefresh (address 0x1700 8024)

Bit Symbol Access Reset Description
Value
31:11 - - - Reserved
10:0 REFRESH R/W 0x0 Refresh timer, REFRESH:
0x0 = refresh disabled (reset value on
nPOR)

0x1 1(x16) = 16 HCLK ticks between
SDRAM refresh cycles

0x8 8(x16) = 128 HCLK ticks between
SDRAM refresh cycles

0x1-0x7FF n(x16) = 16n HCLK ticks
between SDRAM refresh cycles

For example, for the refresh period of 16 us and an HCLK frequency of 50 MHz, the
following value must be programmed into this register:

50 x 10°

6 50 = 0x32

16 x 10™° x

The refresh cycles are distributed evenly. However, there might be slight variations when
the auto-refresh command is issued depending on the status of the memory controller.

Unlike other SDRAM memory timing parameters the refresh period is programmed in the
HCLK domain. When variable clock scaling is used, you can program the desired value
for the refresh timer in the MPMC_testmode0 register of the SYSCREG block (see

Table 27-561).
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MPMCDynamicReadConfig

The 2-bit, read/write, MPMCDynamicReadConfig register enables you to configure the
dynamic-memory read strategy. This register must be modified only during system
initialization. This register can be accessed with one wait state. Table 3—-48 gives a
description of register MPMCDynamicReadConfig.

Table 48. Description of the register MPMCDynamicReadConfig (address 0x1700 8028)

Bit Symbol Access Reset Description
Value
31:2 - - - Reserved
1:0 RD R/W 0x0 Read data strategy, RD:

00 = clock out delayed strategy, using
MPMCCLKOUT (command not delayed,
clock out delayed). Reset value on nPOR
01 = command delayed strategy, using
MPMCCLKDELAY (command delayed,
clock out not delayed)

10 = command delayed strategy plus one
clock cycle, using MPMCCLKDELAY
(command delayed, clock out not delayed)
11 = command delayed strategy plus two
clock cycles, using MPMCCLKDELAY
(command delayed, clock out not delayed)

MPMCDynamictRP

The 4-bit, read/write, MPMCDynamictRP register enables you to program the pre charge
command period, tgp. This register must be modified only during system initialization. This
value is found normally in SDRAM data sheets as tgp. This register can be accessed with
one wait state. Table 3—49 gives a description of register MPMCDynamictRP.

Table 49. Description of the register MPMCDynamictRP (address 0x1700 8030)

Bit Symbol Access Reset Description
Value
31:4 - - - Reserved
3:0 tRP R/W OxF Precharge command period, tRP:

0x0-0xE = n + 1 clock cycles
OxF = 16 clock cycles (reset value on nPOR)

MPMCDynamictRAS

The 4-bit, read/write, MPMCDynamictRAS register enables you to program the active to
pre charge command period, tras. It is recommended that this register is modified either
during system initialization or when there are no current or outstanding transactions. This
can be ensured by waiting until the MPMC is idle and then entering either low-power or
disabled mode. This value is found normally in SDRAM data sheets as tgas. This register
can be accessed with one wait state. Table 3-50 gives a description of register
MPMCDynamictRAS.
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Table 50. Description of the register MPMCDynamictRAS (address 0x1700 8034)

Bit Symbol Access Reset Description
Value
31:4 - - - Reserved
3.0 tRAS R/W OxF Active to pre charge command period, tRAS:

0x0-OxE = n + 1 clock cycles
OxF = 16 clock cycles (reset value on nPOR)

MPMCDynamictSREX

The 4-bit, read/write, MPMCDynamictSREX register enables you to program the
self-refresh exit time, tsgex. It is recommended that this register is modified either during
system initialization or when there are no current or outstanding transactions. This can be
ensured by waiting until the MPMC is idle and then entering either low-power or disabled
mode. This value is found normally in SDRAM data sheets as tsgrex. For devices without
this parameter you use the same value as tysgr. This register can be accessed with one
wait state. Table 3-51 gives a description of register MPMCDynamictSREX.

Table 51. Description of the register MPMCDynamictSREX (address 0x1700 8038)

Bit Symbol Access Reset Description
Value
31:4 - - - Reserved
3.0 tSREX R/W OxF Self-refresh exit time, tSREX:

0x0-0xE = n + 1 clock cycles [
OxF = 16 clock cycles (reset value on nPOR)

[1] The delay is in MPMCCLK cycles.

MPMCDynamictAPR

The 4-bit, read/write, MPMCDynamictAPR register enables you to program the
last-data-out to active command time, tapg. It is recommended that this register is
modified either during system initialization or when there are no current or outstanding
transactions. This can be ensured by waiting until the MPMC is idle and then entering
either low-power or disabled mode. This value is found normally in SDRAM data sheets
as tapr. This register can be accessed with one wait state. Table 3-52 gives a description
of register MPMCDynamictAPR.

Table 52. Description of the register MPMCDynamictAPR (address 0x1700 803C)

Bit Symbol Access Reset Description
Value
31:4 - - - Reserved
3:.0 tAPR R/W OxF Last-data-out to active command time,
tAPR:

0x0-0xE = n + 1 clock cycles [
OxF = 16 clock cycles (reset value on nPOR)

[1] The delay is in MPMCCLK cycles.
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MPMCDynamictDAL

The 4-bit, read/write, MPMCDynamictDAL register enables you to program the data-in to
active command time, tpa, . It is recommended that this register is modified either during
system initialization or when there are no current or outstanding transactions. This can be
ensured by waiting until the MPMC is idle and then entering either low-power or disabled
mode. This value is found normally in SDRAM data sheets as tpa, or tapw. This register
can be accessed with one wait state. Table 3-53 gives a description of register
MPMCDynamictDAL.

Table 53. Description of the register MPMCDynamictDAL (address 0x1700 0840)

Bit Symbol Access Reset Description
Value
31:4 - - - Reserved
3.0 tDAL R/W OxF Data-in to active command, tDAL.:

0x0-0xE = n clock cycles [1
OxF = 15 clock cycles (reset value on nPOR)

[1] The delay is in MPMCCLK cycles.

MPMCDynamictWR

The 4-bit, read/write, MPMCDynamictWR register enables you to program the write
recovery time, twg. It is recommended that this register is modified either during system
initialization or when there are no current or outstanding transactions. This can be
ensured by waiting until the MPMC is idle and then entering either low-power or disabled
mode. This value is found normally in SDRAM data sheets as tywr, tppL, trwe Of trpL. This
register can be accessed with one wait state. Table 3—54 gives a description of register
MPMCDynamictWR.

Table 54. Description of the register MPMCDynamictWR (address 0x1700 8044)

Bit Symbol Access Reset Description
Value
31:4 - - - Reserved
3:.0 tWR R/W OxF Write recovery time, tWR:

0x0-OxE = n + 1 clock cycles [
OxF = 16 clock cycles (reset value on nPOR)

[1] The delay is in MPMCCLK cycles.

MPMCDynamictRC

The 5-bit, read/write, MPMCDynamictRC register enables you to program the active to
active command period, trc. It is recommended that this register is modified either during
system initialization or when there are no current or outstanding transactions. This can be
ensured by waiting until the MPMC is idle and then entering either low-power or disabled
mode. This value is found normally in SDRAM data sheets as tgc. This register can be
accessed with one wait state. Table 3-55 gives a description of register
MPMCDynamictRC.
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Table 55. Description of the register MPMCDynamictRC (address 0x1700 8048)

Bit Symbol Access Reset Description
Value
315 - - - Reserved
4.0 tRC R/W Ox1F Active to active command period, tRC:

0x0-0x1E = n + 1 clock cycles [
Ox1F = 32 clock cycles (reset value on
nPOR)

[1] The delay is in MPMCCLK cycles.

MPMCDynamictRFC

The 5-bit, read/write, MPMCDynamictRFC register enables you to program the
auto-refresh period and auto-refresh to active command period, tgec. It is recommended
that this register is modified either during system initialization or when there are no current
or outstanding transactions. This can be ensured by waiting until the MPMC is idle and
then entering either low-power or disabled mode. This value is found normally in SDRAM
data sheets as trrc Or sometimes as trc. This register can be accessed with one wait
state. Table 3-56 gives a description of register MPMCDynamictRFC.

Table 56. Description of the register MPMCDynamictRFC (address 0x1700 804C)

Bit Symbol Access Reset Description
Value
315 - - - Reserved
4:0 tRFC R/W Ox1F Auto-refresh period and auto-refresh to

active command period, tRFC:
0x0-0x1E = n + 1 clock cycles [
Ox1F = 32 clock cycles (reset value on
nPOR)

[1] The delay is in MPMCCLK cycles.

MPMCDynamictXSR

The 5-bit, read/write, MPMCDynamictXSR register enables you to program the exit
self-refresh to active command time, tysg. It is recommended that this register is modified
either during system initialization or when there are no current or outstanding
transactions. This can be ensured by waiting until the MPMC is idle and then entering
low-power or disabled mode. This value is found normally in SDRAM data sheets as tysg.
This register can be accessed with one wait state. Table 3-57 gives a description of
register MPMCDynamictXSR.

Table 57. Description of the register MPMCDynamictXSR (address 0x1700 8050)

Bit Symbol Access Reset Description
Value
315 - - - Reserved
4:0 tXSR R/W Ox1F Exit self-refresh to active command time,
tXSR:

0x0-0x1E = n + 1 clock cycles [1
Ox1F = 32 clock cycles (reset value on
nPOR)

[1] The delay is in MPMCCLK cycles.
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MPMCDynamictRRD

The 4-bit, read/write, MPMCDynamictRRD register enables you to program the active
bank A to active bank B latency, trgrp. It is recommended that this register is modified
either during system initialization or when there are no current or outstanding
transactions. This can be ensured by waiting until the MPMC is idle and then entering
low-power or disabled mode. This value is found normally in SDRAM data sheets as tgrp.
This register can be accessed with one wait state. Table 3-58 gives a description of
register MPMCDynamictRRD.

Table 58. Description of the register MPMCDynamictRRD (address 0x1700 8054)

Bit Symbol Access Reset Description
Value
31:4 - - - Reserved
3.0 tRRD R/W OxF Active bank A to active bank B latency,
tRRD:

0x0-OXE = n + 1 clock cycles [
OxF = 16 clock cycles (reset value on nPOR)

[1] The delay is in MPMCCLK cycles.

MPMCDynamictMRD

The 4-bit, read/write, MPMCDynamictMRD register enables you to program the load
mode register to active command time, tyrp. It is recommended that this register is
modified either during system initialization or when there are no current or outstanding
transactions. This can be ensured by waiting until the MPMC is idle and then entering
low-power or disabled mode. This value is found normally in SDRAM data sheets as tyrp
or trsa. This register can be accessed with one wait state. Table 3—59 gives a description
of register MPMCDynamictMRD.

Table 59. Description of the register MPMCDynamictMRD (0x1700 8058)

Bit Symbol Access Reset Description
Value
31:4 - - - Reserved
3.0 tMRD R/W OxF Load mode register to active command time,
tMRD:

0x0-0xE = n + 1 clock cycles [
OxF = 16 clock cycles (reset value on nPOR)

[1] The delay is in MPMCCLK cycles.

MPMCStaticExtendedWait

The 10-bit, read/write, MPMCStaticExtendedWait register is used to time long static
memory read and write transfers (that are longer than can be supported by the

MPMC StaticWaitRd[n] or MPMCStaticWaitWr[n] registers) when the EW bit of the
MPMCStaticConfig registers is enabled. There is only a single MPMCStaticExtendedWait
register. This is used by the relevant static memory chip select when the appropriate
ExtendedWait (EW) bit in the MPMCStaticConfig register is set. It is recommended that
this register is modified either during system initialization or when there are no current or
outstanding transactions. However, when necessary, these control bits can be altered
during normal operation. This register can be accessed with one wait state. Table 3—60
gives a description of register MPMCStaticExtendedWait.
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Table 60. Description of the register MPMCStaticExtendedWait (address 0x1700 8080)

Bit Symbol Access Reset Description
Value
31:10 - - - Reserved
9:0 EXTENDEDWAI R/W 0x0 External wait time out, EXTENDEDWAIT:
T 0x0 = 16 clock cycles 1 (reset value on
nPOR)

0x1-0x3FF = (n+1) x16 clock cycles

[1] The delay is in MPMCCLK cycles.

For example, for a static memory read/write transfer time of 16 us and an MPMCCLK
frequency of 50 MHz, the following value must be programmed into this register:

6
16x107%x|90x10°|| —1 = 49 = 0x31
16
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4.19 MPMCDynamicConfig0

The 11-bit, read/write, MPMCDynamicConfig0 registers enable you to program the
configuration information for the relevant dynamic-memory chip select. This register is
modified normally only during system initialization. These registers can be accessed with
one wait state. Table 3—61 gives a description of register MPMCDynamicConfigO.

Table 61. Description of the register MPMCDynamicConfig0 (address 0x1700 8100)
Bit Symbol Access Reset Description
Value
31:21 - - - Reserved
20 P R/W 0x0 Write protect, P:
0 = writes not protected (reset value on nPOR)
1 = write protected.
19 B R/W 0x0 Buffer enable, B:
0 = buffer disabled for accesses to this chip select (reset
value on nPOR)
1 = buffer enabled for accesses to this chip select 11
18:15 - - - Reserved
14 AM R/W 0x0 Address mapping, AM. 0 = reset value on nPOR
13 - - - Reserved
12:7 AM R/W 0x0 Address mapping, AM. 00000000 = reset value on nPOR
2]
6:5 - - - Reserved
4:3 MD R/W 0x0 Memory device, MD:
00 = SDRAM (reset value on nPOR)
01 = low-power SDRAM
10 = Micron SyncFlash
11 = reserved
2:0 - - - Reserved

[1] The buffers must be disabled during SDRAM and SyncFlash initialization. They must also be disabled when
performing SyncFlash commands. The buffers must be enabled during normal operation.

[2] The SDRAM column and row width and number of banks are computed automatically from the address
mapping.

Address mappings that are not shown in Table 3—62 are reserved.

Table 62. Address mapping

[14] [12] [11:9] [8:7] Description

16-bit external bus high-performance address mapping (Row, Bank, Column)

0 0 000 00 16Mb (2Mx8), 2 banks, row length = 11, column length =9

0 0 000 01 16Mb (1Mx16), 2 banks, row length = 11, column length = 8

0 0 001 00 64Mb (8Mx8), 4 banks, row length = 12, column length =9

0 0 001 01 64Mb (4Mx16), 4 banks, row length = 12, column length = 8

0 0 010 00 128Mb (16Mx8), 4 banks, row length = 12, column length = 10
0 0 010 01 128Mb (8Mx16), 4 banks, row length = 12, column length = 9
0 0 011 00 256Mb (32Mx8), 4 banks, row length = 13, column length = 10
0 0 011 01 256Mb (16Mx16), 4 banks, row length = 13, column length = 9
0 0 100 00 512Mb (64Mx8), 4 banks, row length = 13, column length = 11

© NXP B.V. 2012. All rights reserved.

User manual

Rev. 1 — 8 June 2012 59 of 644



NXP Semiconductors UM10315

UM10315

Chapter 3: LPC315x Multi-Port Memory Controller (MPMC)

Table 62. Address mapping
[14] [12] [11:9] [8:7] Description

0 0 100 01 512Mb (32Mx16), 4 banks, row length = 13, column length = 10
16-bit external bus low-power SDRAM address mapping (Bank, Row, Column)

0 1 000 00 16Mb (2Mx8), 2 banks, row length = 11, column length =9

0 1 000 01 16Mb (1Mx16), 2 banks, row length = 11, column length = 8

0 1 001 00 64Mb (8Mx8), 2 banks, row length = 12, column length =9

0 1 001 01 64Mb (4Mx16), 4 banks, row length = 12, column length = 8

0 1 010 00 128Mb (16Mx8), 4 banks, row length = 12, column length = 10
0 1 010 01 128Mb (8Mx16), 4 banks, row length = 12, column length = 9

0 1 011 00 256Mb (32Mx8), 4 banks, row length = 13, column length = 10
0 1 011 01 256Mb (16Mx16), 4 banks, row length = 13, column length = 9
0 1 100 00 512Mb (64Mx8), 4 banks, row length = 13, column length = 11
0 1 100 01 512Mb (32Mx16), 4 banks, row length = 13, column length = 10

The LPC31xx always interface with external SDRAM devices using a 16-bit wide data
bus. The SDRAM chip select can be connected to a single 16-bit memory device; in this
case x16 mapping values ( MPMCDynamicConfig0[8:7] = 01) should be used. When the
SDRAM chip select is connected to two 8-bit memory devices to form a 16-bit external
system memory, x8 mapping values ( MPMCDynamicConfig0[8:7] = 00) should be used.
For linear AHB address to SDRAM bank mapping the bank select signals (BAx) of the
SDRAM device should be connected as shown in the following tables.
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Table 63. 16-bit wide data bus address mapping, SDRAM (RBC)
16-bit wide device 16M SDRAM (1M x 16, RBC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 9/BA - - - 20 19 18 17 16 15 14 13 12 11 10
AHB address to column address ~ 9/BA - - - AP - - 8

Memory device connections BA - - - 100AP 9 8 7 6 5 4 3

Two 8-bit wide devices 16M SDRAM (2M x 8, RBC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AHB address to row address - 10/BA - - 21 20 19 18 17 16 15 14 13 12 11
AHB address to column address - 10/BA - - AP - 9 8 7 6 5

Memory device connections - BA - - 100AP 9 8 7 6 5

16-bit wide device 64M SDRAM (4M x 16, RBC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 9/BA0 10/BA1 - 22 21 20 19 18 17 16 15 14 13 12 11
AHB address to column address  9/BA0  10/BAl1 - - AP - - 8 7 6 5

Memory device connections BAO BA1l - 11 10/AP 9 8 7 6 5

Two 8-bit wide devices 64M SDRAM (8M x 8, RBC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AHB address to row address 11/BA1 10/BAO - 23 22 21 20 19 18 17 16 15 14 13 12
AHB address to column address ~ 11/BA1 10/BAO - - AP - 9 8 7 6 5

Memory device connections BA1 BAO - 11 100AP 9 8 7 6 5 4 3

16-bit wide device 128M SDRAM (8M x 16, RBC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 11/BA1 10/BAO - 23 22 21 20 19 18 17 16 15 14 13 12
AHB address to column address  11/BA1 10/BAO - - AP -

Memory device connections BA1l BAO - 11 10/AP 9 8 7 6 5 4 3

Two 8-bit wide devices 128M SDRAM (16M x 8, RBC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 11/BA0 12/BA1 - 24 23 22 21 20 19 18 17 16 15 14 13
AHB address to column address  11/BA0 12/BAl - - AP 10 9 8

Memory device connections BAO BA1 - 11 100AP 9 8 7 6 5 4 3

16-bit wide device 256M SDRAM (16M x 16, RBC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 11/BA1 10/BAO0 24 23 22 21 20 19 18 17 16 15 14 13 12
AHB address to column address ~ 11/BA1 10/BAO - - AP - 9 8 7 6 5

Memory device connections BA1l BAO 12 11 100AP 9 8 7 6 5

Two 8-bit wide devices 256M SDRAM (32M x 8, RBC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 11/BA0 12/BA1 25 24 23 22 21 20 19 18 17 16 15 14 13
AHB address to column address  11/BA0  12/BAl1 - - AP 100 9 8 7 6 5

Memory device connections BAO BA1l 12 11 100AP 9 8 7 6 5

16-bit wide device 512M SDRAM (32M x 16, RBC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
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Table 63. 16-bit wide data bus address mapping, SDRAM (RBC) ...continued

AHB address to row address 11/BA0 12/BA1 25 24 23 22 21 20 19 18 17 16 15 14 13
AHB address to column address ~ 11/BA0 12/BAl - - AP 10 9 8 7 6 5 4 3 2 1
Memory device connections BAO BA1l 12 11 10AP 9 8 7 6 5 4 3 2 1 0
Two 8-bit wide devices 512M SDRAM (64M x 8, RBC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 13/BA1 12/BA0 26 25 24 23 22 21 20 19 18 17 16 15 14
AHB address to column address  13/BA1 12/BA0 - 11 AP 10 9 8 7 6 5 4 3 2 1
Memory device connections BA1l BAO 12 11 10AP 9 8 7 6 5 4 3 2 1 O
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Table 64. 16-bit wide data bus address mapping, SDRAM (BRC)
16-bit wide device 16M SDRAM (1M x 16, BRC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address - 20/BA0O - - 19 18 17 16 15 14 13 12 11 10 9
AHB address to column address - 20 - - AP - - 8 1
Memory device connections - BA - - 100AP 9 8 7 6 5 4 3 0
Two 8-bit wide devices 16M SDRAM (2M x 8, BRC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AHB address to row address 21/BA - - - 20 19 18 17 16 15 14 13 12 11 10
AHB address to column address  21/BA - - - AP - 9 8 7 6 5

Memory device connections BA - - - 100AP 9 8 7 6 5 4 0
16-bit wide device 64M SDRAM (4M x 16, BRC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 21/BA0 22/BAl - 20 19 18 17 16 15 14 13 12 11 10 9
AHB address to column address  21/BA0 22/BAl - - AP - - 8 7 6 5 1
Memory device connections BAO BA1 - 11 10AP 9 8 7 6 5 4 0
Two 8-bit wide devices 64M SDRAM (8M x 8, BRC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o0
AHB address to row address 23/BA1 22/BA0 - 21 20 19 18 17 16 15 14 13 12 11 10
AHB address to column address  23/BA1 22/BA0 - - AP - 9 8 7 6 5

Memory device connections BA1l BAO - 11 100AP 9 8 7 6 5 4 3

16-bit wide device 128M SDRAM (8M x 16, BRC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 23/BA1 22/BA0 — 21 20 19 18 17 16 15 14 13 12 11 10
AHB address to column address  23/BA1 22/BAO0 — — AP — 9 8

Memory device connections BA1l BAO - 11 100AP 9 8 7 6 5 4 3

Two 8-bit wide devices 128M SDRAM (16M x 8, BRC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 23/BA0 24/BA1 — 22 21 20 19 18 17 16 15 14 13 12 11
AHB address to column address  23/BA0 24/BA1 — — AP 10 9 8

Memory device connections BAO BA1 - 11 100AP 9 8 7 6 5 4 3

16-bit wide device 256M SDRAM (16M x 16, BRC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 23/BA0 24/BA1 22 21 20 19 18 17 16 15 14 13 12 11 10
AHB address to column address  23/BA0 24/BA1 — — AP — 9 8 7 6 5

Memory device connections BAO BA1l 12 11 10AP 9 8 7 6 5 4

Two 8-bit wide devices 256M SDRAM (32M x 8, BRC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 25/BA1 24/BA0 23 22 21 20 19 18 17 16 15 14 13 12 11
AHB address to column address  25/BA1 24/BAO — — AP 10 9 8 7 6 5

Memory device connections BA1l BAO 12 11 100AP 9 8 7 6 5 4

16-bit wide device 512M SDRAM (32M x 16, BRC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
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Table 64. 16-bit wide data bus address mapping, SDRAM (BRC) ...continued
AHB address to row address 25/BA1 24/BA0 23 22 21 20 19 18 17 16 15 14 13 12 11
AHB address to column address  25/BA1 24/BAO0 — — AP 10 9 8 7 6 5 4 3 2 1
Memory device connections BA1 BAO 12 11 10AP 9 8 7 6 5 4 3 2 1 0
Two 8-bit wide devices 512M SDRAM (64M x 8, BRC)
External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 25/BA0 26/BA1 24 23 22 21 20 19 18 17 16 15 14 13 12
AHB address to column address  25/BA0 26/BA1 — 11 AP 10 9 8 7 6 5 4 3 2 1
Memory device connections BAO BA1l 12 11 10AP 9 8 7 6 5 4 3 2 1 O
4.20 MPMCDynamicRasCasO
The 4-bit, read/write, MPMCDynamicRasCasO0 registers enable you to program the RAS
and CAS latencies for the relevant dynamic memory. It is recommended that these
registers are modified either during system initialization or when there are no current or
outstanding transactions. This can be ensured by waiting until the MPMC is idle and then
entering low-power or disabled mode. The MPMCDynamicRasCasO registers are
accessed with one wait state. The values programmed into these registers must be
consistent with the values used to initialize the SDRAM memory device. Table 3—65 gives
a description of register MPMCDynamicRasCas0.
Table 65. Description of the register MPMCDynamicRasCasO0 (address 0x1700 8104)
Bit Symbol  Access Reset Description
Value
31:10 - - - Reserved
9:8 CAS R/W 0x3 CAS latency, CAS:
00 = reserved
01 = one clock cycle
10 = two clock cycles
11 = three clock cycles (reset value on nPOR)
7:2 - - - Reserved
1.0 RAS R/W 0x3 RAS latency (active to read/write delay), RAS:
00 = reserved
01 = one clock cycle [
10 = two clock cycles
11 = three clock cycles (reset value on nPOR)
[1] The RAS to CAS latency (RAS) and the CAS latency (CAS) are each defined in MPMCCLK cycles.
4.21 MPMCStaticConfig0/1

UM10315

The 8-bit, read/write, MPMCStaticConfig0/1 registers are used to configure the static
memory configuration. It is recommended that these registers are modified either during
system initialization or when there are no current or outstanding transactions. This can be
ensured by waiting until the MPMC is idle and then entering low-power or disabled mode.
The MPMCStaticConfig0/1 registers are accessed with one wait state. Synchronous burst
mode memory devices are not supported. Table 3—66 gives a description of register
MPMCStaticConfig0/1.
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Table 66. Description of the register MPMCStaticConfig (MPMCStaticConfig0, address
0x1700 8200 and MPMCsStaticConfigl 0x1700 8220)

Bit  Symbol
312 -

1

20 WP

19 B

189 -

8 EW

7 BLS

6 PC

54 -

Access

R/W

R/W

RIWQ

R/W

R/W

Reset Description

Value

0x0

0x0

0x0

0x0
0x0

0x0

0x0

reserved

WP R/W 0x0 Write protect.

0 = writes not protected (reset value on nPOR)
1 = write protected.

Buffer enable.

0 = write buffer disabled (reset value on nPOR)
1 = write buffer enabled.

Read undefined. Write as 0.

Extended wait (EW) uses the MPMCStaticExtendedWait
Register to time both the read and write transfers rather than
the MPMCStaticWaitRd and MPMCStaticWaitWr Registers.
This enables much longer transactions.

0 = Extended wait disabled (reset value on nPOR)
1 = Extended wait enabled.

This bit affects the behavior of the EBI_NCAS_BLOUT_0,
EBI_NRAS_BLOUT_1 and EBI_nWE signals on the External
Memory Interface. When the BLS bit is set to 1, the
nBLOUT[1:0] signals are byte lane enable strobes and will be
low for both static memory read and write access, and signal
EBI_nWE will be low for writes. This is used when interfacing
to a static memory with multiple byte lane strobe pins and a
separate write strobe pin.

When the BLS bit is set to 0, the nBLOUT[1:0] signals become
byte lane write strobes and will only be low during static
memory writes. The EBI_nWE signal never goes active when
BLS is 0.

Writes:

1 = The active bits in nBLOUT[1:0] are LOW; EBI_nWE is
active

0 = The active bits in nBLOUT[1:0] are LOW; EBI_nWE is NOT
active

Reads:

1 = The active bits in nBLOUT[1:0] are LOW

0 = All the bits in nBLOUT[1:0] are HIGH

Chip select polarity, PC:

0 = active LOW chip select

1 = active HIGH chip select

The relevant MPMCSTCSxPOL signal determines the value of
the chip select polarity on power-on reset, nPOR. Software

can override this value. This field is unaffected by AHB reset,
HRESETnN. Bl

Reserved
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Table 66. Description of the register MPMCStaticConfig (MPMCStaticConfig0, address
0x1700 8200 and MPMCStaticConfigl 0x1700 8220) ...continued

Bit Symbol Access Reset Description
Value

3 PM R/W 0x0 Page mode, PM:
0 = disabled (reset value on nPOR)
1 = Async page mode enabled (page length four)
In page mode the MPMC can burst up to four external
accesses. Therefore, devices with asynchronous page mode
burst four or higher devices are supported. Asynchronous
page mode burst two devices are not supported and must be
accessed normally.

2 - - - Reserved

1.0 MW R/W 0x0 Memory width, MW:
00 = 8-bit (reset value for chip select 0, 2 and 3 on nPOR)
01 = 16-bit
10 = reserved
11 = reserved
The MPMCSTCS1MWI/[1:0] signal determines the value of the
chip select 1 memory width field on power-on reset, nPOR.
Software can override this value. This field is unaffected by
AHB reset, HRESETn. 4

[1] Extended wait and page mode cannot be selected simultaneously.

[2] For chip select 1, the value of the MPMCSTCS1PB signal is reflected in this field. When programmed this
register reflects the last value that is written into it.

[3] The value of the relevant MPMCSTCSxPOL signal is reflected in this field. When programmed this register
reflects the last value that is written into it.

[4] For chip select 1, the value of the MPMCSTCS1MWI[1:0] signal is reflected in this field. When programmed
this register reflects the last value that is written into it. MPMCSTCS1MW/[1:0] value can be set in
SYSCREG_WIRE_EBI_MSIZE_INIT (address 0x1300 2874).

MPMCStaticWaitWen0/1

The 4-bit, read/write, MPMCStaticWaitWen0/1 registers enable you to program the delay
from the chip select to the write enable. It is recommended that these registers are
modified either during system initialization or when there are no current or outstanding
transactions. This can be ensured by waiting until the MPMC is idle and then entering
low-power or disabled mode. The MPMCStaticWaitWenO0/1 registers are accessed with
one wait state. Table 3—67 gives a description of register MPMCStaticWaitWen0/1.

Table 67. Description of the register MPMCStaticWaitWen (MPMCStaticWaitWenO0, address
0x1700 8204 and MPMCStaticWaitWen1, address 0x1700 8224)

Bit Symbol Access Reset Description
Value
314 - - - Reserved
3.0 WAITWEN R/W 0x0 Wait write enable, WAITWEN Delay from chip select

assertion to write enable:

0000 = one HCLK cycle delay between assertion of
chip select and write enable (reset value on nPOR)
0001-1111 = (n + 1) HCLK cycle delay 1

[1] The delay is (WAITWEN +1) x tHCLK.
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MPMCStaticWaitOen0/1

The 4-bit, read/write, MPMCStaticWaitOen0/1 registers enable you to program the delay
from the chip select or address change, whichever is later, to the output enable. It is
recommended that these registers are modified either during system initialization or when
there are no current or outstanding transactions. This can be ensured by waiting until the
MPMC is idle and then entering low-power or disabled mode. The
MPMCStaticWaitOen0/1 registers are accessed with one wait state. Table 3—68 gives a
description of register MPMCStaticWaitOen0/1.

Table 68. Description of the register MPMCStaticWaitOen (MPMCStaticWaitOenO, address
0x1700 8208 and MPMCStaticWaitOen1, address 0x1700 8228)

Bit Symbol Access Reset Description
Value
31:4 - - - Reserved
3.0 WAITOEN R/W 0x0 Wait output enable, WAITOEN Delay from

chip select assertion to output enable:
0000 = No delay (reset value on nPOR)
0001-1111= n cycle delay [

[1] The delay is WAITOEN x tHCLK.

MPMCStaticWaitRd0/1

The 5-bit, read/write, MPMCStaticWaitRd0/1 registers enable you to program the delay
from the chip select to the read access. It is recommended that these registers are
modified either during system initialization or when there are no current or outstanding
transactions. This can be ensured by waiting until the MPMC is idle and then entering
low-power or disabled mode. It is not used when the extended wait bit is enabled in the
MPMCStaticConfig0/1 registers. The MPMCStaticWaitRdO0/1 registers are accessed with
one wait state. Table 3—69 gives a description of register MPMCStaticWaitRdO0/1.

Table 69. Description of the register MPMCStaticWaitRd (MPMCStaticWaitRd0, address
0x1700 820C and MPMCStaticWaitRd1, address 0x1700 8022C)

Bit Symbol Access Reset Description
Value

315 - - - Reserved

4.0 WAITRD R/W 0x1F  Non-page mode read wait states or asynchronous page
mode read first access wait state, WAITRD Non-page
mode read or asynchronous page mode read, first read
only:

00000-11110 = (n + 1) HCLK cycles for read accesses [
11111 = 32 HCLK cycles for read accesses (reset value
on nPOR)

[1] For non-sequential reads, the wait state time is (WAITRD + 1) x tHCLK.

MPMCStaticWaitPage0/1

The 5-bit, read/write, MPMCStaticWaitPageO0/1 registers enable you to program the delay
for asynchronous page mode sequential accesses. It is recommended that these registers
are modified either during system initialization or when there are no current or outstanding
transactions. This can be ensured by waiting until the MPMC is idle and then entering
low-power or disabled mode. MPMCStaticWaitPage0/1 is accessed with one wait state.
Table 3—70 gives a description of register MPMCStaticWaitPage0/1.
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Table 70. Description of the register MPMCStaticWaitPage (MPMCStaticWaitPage0, address
0x1700 8210 and MPMCStaticWaitPagel, address 0x1700 8230)

Bit Symbol Access Reset Description
Value
315 - - - Reserved
4:0 WAITPAGE R/W 0x1F  Asynchronous page mode read after the first read wait

states, WAITPAGE Number of wait states for
asynchronous page mode read accesses after the first
read:

00000-11110 = (n+ 1) HCLK cycle read access time [
11111 = 32 HCLK cycle read access time (reset value
on nPOR)

[1] For asynchronous page mode read for sequential reads, the wait state time for page mode accesses after
the first read is (WAITPAGE + 1) x tHCLK.

MPMCStaticWaitWr0/1

The 5-bit, read/write, MPMCStaticWaitWr0/1 registers enable you to program the delay
from the chip select to the write access. It is recommended that these registers are
modified either during system initialization or when there are no current or outstanding
transactions. This can be ensured by waiting until the MPMC is idle and then entering
low-power or disabled mode. These registers are not used when the extended wait (EW)
bit is enabled in the MPMCStaticConfig register. The MPMCStaticWaitWr0/1 registers are
accessed with one wait state. Table 3—71 gives a description of register

MPMC StaticWaitWr0/1.

Table 71. Description of the register MPMCStaticWaitWr (MPMCStaticWaitWr0,address
0x1700 8214 and MPMCStaticWaitWr1, address 0x1700 8234)

Bit Symbol Access Reset Description
Value
315 - - - Reserved
4:0 WAITWR R/W Ox1F Write wait states, WAITWR SRAM wait state

time for write accesses after the first read:
00000-1110 = (n + 2) HCLK cycle write
access time [l

11111 = 33 HCLK cycle write access time
(reset value on nPOR)

[1] The wait state time for write accesses after the first read is WAITWR (n + 2) x tHCLK.

MPMCStaticWaitTurn0/1

The 4-bit, read/write, MPMCStaticWaitTurnO/1 registers enable you to program the
number of bus turnaround cycles. It is recommended that these registers are modified
either during system initialization or when there are no current or outstanding
transactions. This can be ensured by waiting until the MPMC is idle and then entering
low-power or disabled mode. The MPMCStaticWaitTurn0/1 registers are accessed with
one wait state. To prevent bus contention on the external memory data bus, the
WAITTURN field controls the number of bus turnaround cycles added between static
memory read and write accesses. The WAITTURN field also controls the number of
turnaround cycles between static memory and dynamic memory accesses. Table 3-72
gives a description of register MPMCStaticWaitTurn0/1.
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Table 72. Description of the register MPMCStaticWaitTurn (MPMCStaticWaitTurn0, address
0x1700 8218 and MPMCStaticWaitTurnl, address 0x1700 8238)

Bit Symbol Access Reset Description
Value

314 - - - Reserved

3.0 WAITTURN R/W OxF Bus turnaround cycles, WAITTURN:
0000-1110 = (n + 1) HCLK turnaround cycles [11
1111 = 16 HCLK turnaround cycles (reset value on nPOR)

[1] Bus turnaround time is (WAITTURN + 1) x tHCLK.

5. Power optimization

The MPMC is partly low-level clock gated. This feature is built in hardware and software
does not have any control over this feature. Low-level clock gating involves grouping a
number (in this case 32) of d-type flip-flops together and only enabling a clock to them
when required. This is done for reducing power consumption.

6. Programming guide

UM10315

6.1

6.2

SDRAM initialization

This chapter describes the initialization of both high performance and low performance
SDRAM. And describes in more detail the initialization of the Mode Register and/or
Extended Mode Register that is part of the initialization of the SDRAM.

Initialization of high performance SDRAM (RBC)

Although the initialization for different kind of SDRAMs is almost the same, it is advised to
check the SDRAM data sheet for the start up procedure. For extensive examples consult
the ARM Technical Reference Manual of the MPMC (PI172). An example is given below:

1. Disable buffers during SDRAM initialization. Dynamic-memory clock enable (CE)
must be HIGH during SDRAM initialization. Enable MPMC and use normal address
map in control register.

2. Wait 100ms after the power is applied and the clocks are stable.

3. Set SDRAM Initialization value to NOP in Dynamic Control register, to perform a NOP
command to SDRAM.

4. Set SDRAM Initialization value to PALL in Dynamic Control register, to perform a
pre-charge all command to SDRAM.

5. Program minimum refresh value (0x1 = 16 HCLKS) in MPMCDynamicRefresh
register..

6. Wait until several (Micron recommends minimum of 2 refresh cycles for their
SDRAMSs) SDRAM refresh cycles have occurred.

7. Program the operational value in the refresh register.
8. Program the operational value in the latency register.
9. Program the operational value in the configuration register.
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10. Set SDRAM Initialization value to MODE in Dynamic Control register, to perform a
MODE command to SDRAM.

11. Read from SDRAM to program mode register.

12. Set SDRAM Initialization value to NORMAL. Dynamic-memory clock enable (CE) can
be made LOW, than idle devices are de-asserted to save power.

13. Enable buffers.

It does not matter what type of SDRAM is used for choosing high performance or low
power address mapping. Meaning to say it is possible to use a high performance SDRAM
with low power address mapping and the other way around, but it can have an influence
on the power dissipation.

Example:

void sdram_init(void)

{

pSYSCREG_REGS syscregs = (pSYSCREG_REGS) SYSCREG_BASE;

pvhMomcPl 172Regs pl 172Regs =

pvhMpmc Pl 172Regs) AHB_MPMC_PL172_CFG_BASE;

Ulnt32 *ptr = NULL;

inti =0

volatile int j,addr;

syscregs->mpnp_del aymdes=0x0;

pl 172Regs- >MomcCont rol = 0x01;

pl 172Regs- >MomcConfig = 0x000;

pl 172Regs- >Mpme DyCnt | = VH_MPMC_DYCNTL_REG_POR_VAL;

Il Ensure that the following values have the follow ng value:

pl 172Regs- >MpmeDyCnt | = 0x7; [/ Clock enable must be high during SDRAM initialisation
pl 172Regs- >MpmcDynami c[ SDRAM_SEL] . Config = 0x0; // During SDRAM initialisation buffers
Il disabled.

[* Clock out delay methodology */

pl 172Regs- >MpmeDyRdCf g = 0x00;

[* 0. Clear Mbit in MPMCControl */

pl 172Regs- >MpmcControl = 0x01;

[* 1. Wait 100ms after the power is applied and the clocks are stabilized

¥

for (i=500;i>0;i--) {}

[* 2. Set SDRAM Initialization (1) value to NOP. This issues a NOP to the SDRAM */

pl 172Regs- >MpmcDyCnt | = 0x183; //issue NOP to SDRAM

[* wait */

for (i=4;i>0;i--) {}

[* 3. Set SDRAM Initialization (1) value to PALL (PRE-ALL). This issues a pre charge
all instruction to the SDRAM */

pl 172Regs->MpmeDyCnt | = 0x103; //issue pre charge all instruction to the SDRAM
memori es

[* Wait for tRP approx *
for (i=4;i>0;i--) {}

[* 4. Performa number of refresh cycles */
pl 172Regs- >MpnmcDyRef = 0x2;

[* Wait for tRP approx *
for (i=4;i>0;i--) {}

—

—
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[* 5. Wait until two SDRAM refresh cycles have occurred */
for(i=10;i>0;i--) {}

[* 6. Programthe operational value in the refresh register.

MomcDyRef = (tref / #rows) * HCLK / 16.

For tref = 64000 ms, #rows = 4096, HCLK = 16 MHz & MpmcDyRef =11,7 => 0xB */
pl 172Regs- >MpmcDyRef = 0xB;

[* Wait for tRP approx */

for (i=20;i>0;i--) {}

[* 7. Program the operational value in the latency register. */

pl 172Regs- >Mpme Dynami ¢[ SDRAM_SEL] . RasCas = 0x0202;

[* Wait for tRP approx */

for (i=20;i>0;i--) {}

[* 8. Programthe operational value in the configuration register. */

pl 172Regs- >MpmcDynami ¢[ SDRAM SEL] . Config = 0x00280; // RBC address mapping
[* Wait for tRP approx */

for (i=20;i>0;i--) {}

[* 9. Set SDRAM Initialization (I) value to MODE. */

pl 172Regs- >MpmcDyCnt | = 0x083;

addr = SDRAMO + 0x11800; /* */

ptr = (UInt32 *) addr;

for (i =0; i <1; i+4) {

[* 10. Read from SDRAM to program mode register. Wite 0x22 to add pins Of SDRAM */
jo=optrlil];

Il The following "if' statement doesn't have any functional value. This is done to
avoid that the // statement j = ptr[i] is not compiled away.

i (jr= (0] (1<<9) | (2<<18) ] (3<<27N))){}}

[* Wait some time */

for (i=400;i>0;i--) {}

[* 11. Initialisation of SDRAM to SDRAM NORMAL. */

pl 172Regs- >MpmcDyCnt | = 0x000; //initialisation to SDRAM NORMAL

[* 12. Buffers are enabled.*/

pl 172Regs- >MpmcDynami ¢[ SDRAM_SEL] . Config = 0x80283; // RBC address mapping
pl 172Regs- >MpmcCont rol = 0x01;}

Initialization of low power SDRAM (BRC)

The procedure shown in Section 3-6.2 can be used also for the initialization of a low
power SDRAM. In that case only the address mapping has to be changed for low power
and the address for programming the Mode Register has to be changed.

For a specific low power initialization sequence, you can consult the ARM Technical
Reference Manual of the MPMC.

Initialization Mode Register or Extended Mode Register of SDRAM

Dependent of the size of the SDRAM, RBC address mapping or BRC address mapping
you have to read from different addresses to program the Mode register or Extended
Mode Register of the (mobile) SDRAM.

High performance SDRAM (RBC)
Writing 0x23 to the Mode Register implies the following:
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¢ Burst length =8

¢ Burst type = Sequential

* CAS latency =2

¢ Operating mode = Standard Operation

¢ Write burst mode = Programmed Burst Length.

Offset mode register settings are given in Table 3—73:

Table 73. High performance SDRAM address mapping (RBC)

SDRAM size (Mbit) Total SDRAM size Bit places shifted Offset mode register
(bit) address [l
16 (1Mx16) 2 MB 10 0x08C00
16 (2Mx8) 4 MB 11 0x11800
64 (4Mx16) 8 MB 11 0x11800
64 (8Mx8) 16 MB 12 0x23000
128 (8Mx16) 16 MB 12 0x23000
128 (16Mx8) 32 MB 13 0x46000
256 (16Mx16) 32 MB 12 0x23000
256 (32Mx8) 64 MB 13 0x46000
512 (32Mx16) 64 MB 13 0x46000
512 (64Mx8) 128 MB 14 0x8C000

[1] Base address of the SDRAM is 0x3000 0000 for programming mode register.

Example: Initialization of the mode register of a high performance SDRAM 64 Mbit (4M x
16) with RBC address mapping.

#define SDRAMO_BASE 0x30000000

#define SDRAM0O SDRAMD BASE

int addr;

Ulnt32 *ptr = NULL;

addr = SDRAMD + 0x11800; //see Table above
ptr = (UInt32 *) addr;

Low power SDRAM (BRC)
Writing Ox23 to the Mode Register implies the following:

* Burst length =8

¢ Burst type = Sequential

CAS latency = 2

* Operating mode = Standard Operation

* Write burst mode = Programmed Burst Length.
Writing 0x00 to the Extended Mode Register, implies the following:

* Partial array self-refresh = All Banks
* Temperature compensated self-refresh = 70°C.

Offset mode register settings are given in Table 3—74.
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Table 74. Low power SDRAM address mapping (BRC)

SDRAM size Total SDRAM Bit places Offset mode Offset Extended

(Mbit) size shifted (bit) register address mode register
[ address [2

16 (1Mx16) 2 MB 9 0x04600 0x0100000

16 (2Mx8) 4 MB 10 0x08C00 0x0200000

64 (4Mx16) 8 MB 9 0x04600 0x0200000

64 (8Mx8) 16 MB 10 0x08C00 0x0800000

128 (8Mx16) 16 MB 10 0x08CO00 0x0800000

128 (16Mx8) 32 MB 11 0x11800 0x0800000

256 (16Mx16) 32 MB 10 0x08CO00 0x0800000

256 (32Mx8) 64 MB 11 0x11800 0x2000000

512 (32Mx16) 64 MB 11 0x11800 0x2000000

512 (64Mx8) 128 MB 12 0x23000 0x4000000

[1] Base address of the SDRAM is 0x3000 0000 for programming mode register.
[2] Base address of the SDRAM is 0x3000 0000 for programming extended mode register.

Example:
Initialization of the mode register of a low power SDRAM 256 Mbit (16M x 16) with BRC
address mapping:

#define SDRAMO_BASE 0x30000000

#define SDRAM) SDRAMD BASE

int addr;

Ulnt32 *ptr = NULL;

addr = SDRAMD + 0x8C00; //see Table above
ptr = (UInt32 *) addr;

MPMC _testmodel register configuration by measurement
MPMC _testmodel should be set to 0x20 (when base frequency is 24 MHz).

When the MCPC is configured for a certain SDRAM, the duration of the SDRAM refresh
period can be measured using the following method:

1. Enable the clock-gating of the SDRAM (bits 0 and 1 of the MpmcDyCntl then should
be '0)

2. Perform the SDRAM initialization, without any clock-initialization

3. Stop the system

4. Now measure the MPMC_clkout pin using an oscilloscope and trigger it do a one-shot
measurement

5. Count the amount of clock-cycles used by the SDRAM refresh
This needs to be measured once only for a specific type of SDRAM:
* Check MPMC setting with sdram configuration used.

Now: mpmc_testmodel= <amount of measured clocks> * fracdiv_setting_highspeed.
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Remark: The fractional divider_setting_highspeed determines how much faster the base
runs than the AHB clock. The 'amount of measured clocks' are AHB cycles.
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1. Introduction

The EBI module acts as multiplexer with arbitration between the NAND flash and the
SDRAM/SRAM memory modules connected externally through the MPMC.

The main purpose of using the EBI module is to save external pins. However only data
and address pins are multiplexed. Control signals towards and from the external memory
devices are not multiplexed.

1.1 Feature list

* Multiplexing of 16 bit data and 16 bit address signals.

* Two ports of three ports are connected to support MPMC and NAND flash.

* Request, Grant, and Back off mechanism is used for arbitration.

* In case of equal priority and simultaneous requests, a round-robin scheme is used.
* Priority can be set per port via software.

2. General description

2.1 Block diagram
Figure 4-10, shows the block diagram of the EBI module with all connected modules.
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data out D[15:0]

address out A[15:0]
MPMC data in D[15:0]

arbitration port 1

data out D[15:0]

address out A[15:0]
NAND FLASH ["4ata in D[15:0]

<~ ~EBI_D[15.0]

arbitration port 2 L~ mLCD_DBJ[15:2)/
EBI_A[15:2]

data out D[15:0] EBI —— EBI A 0 ALE
address out A[15:0 -

UNUSED data inDrS:O[ : —— > EBI A 1 CLE
arbitration port 3
EBI_CLK

CGU reset

MPMC EBI timeout value

SYSCREG NAND flash EBI timeout value
unused port EBI timeout value

Fig 10. EBI block diagram

Interface description

Clock Signals

Table 4-75 gives detailed information about the clock that is connected to the EBI module.

Table 75. EBI Module Clock Overview

Clock Name 1/O Source/ Description
Destination
EBI_CLK CGU Main Clock off the module. This clock should run

on the same clock as the highest clock on which
the external memory controllers are running.

When external memory controllers run on different clock frequencies following restriction
should be applied:

¢ All of the clocks must be synchronous and an integer multiple of each other.
* The fastest clock should also be connected to the EBI_CLK.

Reset Signals

The CGU creates an asynchronous low-active reset signal (hPOR) that resets the logic in
the EBI_CLK domain.
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External memory controller interface signals

In total, three external memory controller interface ports are available on the EBI module.
On the LPC315x two ports are used: port 1 for the MPMC and port 2 for the NAND flash
controller. Port 3 is not connected.

External Pin Connections

Table 4-76 shows all external pin connections towards and from external memory
devices.

Table 76. EBI external pin connections

Name Type Reset Description
Value
mLCD_A[15:2)/ (0] - 16 bit address output towards all connected
EBI_A[15:2] external memories.
EBI_A_O_ALE o] -
EBI_A_1 CLE o -
EBI_DI[15:0] I/0 - 16 bit data towards and from all connected

external memories.

3. Register overview

4. Functional

The EBITIMEOUTVALUE signals for ports one to three signals are connected to software
registers that reside in the SYSCREG module. Section 4—4.2 will describe in more detail
about the usage of the EBITIMEOUTVALUE registers/ports.

description

4.1

UM10315

Arbitration

The arbitration inside of the EBI module is explained in the example that follows.

An external memory controller 1 can indicate via its EBIREQ1 signal that it needs external
bus access. The EBI module will wait until the currently granted external memory
controller 2 is finished, by looking to its EBIREQ?2 signal to go low. After that the external
memory controller 1, which requested external bus access will be granted access to the
external bus via its EBIGNT1 signal. In case the requesting external memory controller 1
has a higher priority then the already granted external memory controller 2, the back off
mechanism is used. An EBIBACKOFF2 signal is sent to external memory controller 2,
which indicates that external memory controller 2 should end its current external bus
access as soon as possible, by making EBIREQ?2 low. In that case, EBIGNT2 can go low,
and EBIGNT1 can go high.

See Figure 4-11.
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esow | [ L L L L L L L L
=t N ey

EBIREQ1

EBIGNTA1

EBIBACKOFF1

EBIREQ2

EBIGNT2

EBIBACKOFF2

Fig 11. EBI Arbitration Diagram

Priority

The EBITIMEOUTVALUE is used to set the priority. When an external memory controller 1
is producing a request, its EBITIMEOUTVALUE is loaded in a register. When the counter
reaches zero, the BACKOFF signal is sent to the external memory controller that currently
occupies the external bus. When more requests are sent but the EBITIMEOUTVALUE
settings are different, the counter that first reaches zero is given the highest priority so
gets its EBIGNT signal set to access the bus. When priorities are equal, a round-robin
mechanism is used.

Clock restrictions

All clocks shall be synchronous, and an integer multiple of each other. The fastest clock
should also be connected to the EBICLK. The example below indicates that EBICLK is
equal to MEMCLK1. MEMCLK?2 is equal to half of the EBICLK frequency illustrates what
is described above.

esictk T [ 11 1] BERERE L] L L L
vemekt T LT L L L L U L L L L L L

MEMCLK2

EBIREQ1

EBIGNT1

EBIBACKOFF1

EBIREQ2

EBIGNT2

EBIBACKOFF2

Fig 12. Timing Restrictions
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5. Power optimization

The EBI module has clock gating inserted via synthesis.

6. Programming guide

UM10315

The EBI module has an internal arbitration mechanism, which does not need any
programming. The only thing which can be programmed, is the priority of the different
ports. This can be done by programming values in the EBITIMEOUTVALUEZ1..3 registers,
which reside in the SYSCREG module. The lower the programmed value is, the higher the
priority of that port is. By default in the LPC315x port 1 (MPMC) has the highest priority.
Port 2 (NAND flash) and 3 (not used) have equal priority.

© NXP B.V. 2012. All rights reserved.

User manual

Rev. 1 — 8 June 2012 79 of 644



UM10315

Chapter 5: LPC315x memory map

Rev. 1 — 8 June 2012 User manual

1. Introduction

The memory map provides information about the memory address space of all internal
registers and memory definitions for both internal and external memories. For more
detailed information use the module chapters of this document.

See Section 30-3 for the register map of the analog die.

Table 77. General address map
Module Max Address Space Data Device Remark
Width Size

Shadow Space 0x0000 0000 0x0000 OFFF 4 kByte

Internal SRAM 0 0x1102 8000 0x1103 FFFF 32 hit 96 kByte

Internal SRAM 1 0x1104 0000 0x1105 7FFF 32 bit 96 kByte

Internal SROM 0 0x1200 0000 0x1201 FFFF 32 bit 128 kByte

EROM 0

NANDFLASH buffer 0x7000 0000 0x7000 07FF 32 bit 2 kByte

External SRAM 0 0x2000 0000 0x2000 FFFF 8 bit 64 kByte  When MPMCSTCSO0
is configured for 8bit
device.

- 0x2000 0000 0x2001 FFFF 16 bit 128 kByte When MPMCSTCSO
is configured for 16bit
device.

External SRAM 1 0x2002 0000 0x2002 FFFF 8 bit 64 kByte ~ When MPMCSTCS1
is configured for 8hit
device.

- 0x2002 0000 0x2003 FFFF 16 bit 128 kByte When MPMCSTCS1
is configured for 16bit
device.

External SDRAM 0  0x3000 0000 Ox37FF FFFF 16 bit 128 MByte

Peripherals 0x1300 0000 0x1300 7FFF 32 bits 32 kByte  APBO

0x1300 8000 0x1300 BFFF 32bits 16 kByte  APB1

0x1500 0000 0x1500 3FFF 32 bits 16 kByte  APB2

0x1600 0000 0x1600 03FF 32 bits 1 kByte APB3

0x1700 0000 0x1700 OFFF 32 bits 4 kByte APB4

0x1700 8000 0x1700 8FFF 32 bits 4 kByte MPMC cfg
0x1800 0000 0x1800 03FF 32 bits 1 kByte MCI

0x1900 0000 0x1900 OFFF 32 bits 4 kByte USB OTG

0x6000 0000 0x6000 OFFF 32 bits 4 kByte Interrupt controller
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LPC3152/3154

4GB
L

reserved

268 I
Ny

reserved

Ay

NAND flash/AES buffer(1)

reserved

T 0x6000 1000

interrupt controller

reserved

T 0x4000 0000

external SDRAM bank 0

J° 0x2003 0000

external SRAM bank 1

1% 0x2001 0000

external SRAM bank 0

reserved

Y 0x1900 1000

USB OTG

reserved

* 0x1800 0900

MCI/SD/SDIO

reserved

)° 0x1700 9000

MPMC configuration registers

APB4 domain

APB3 domain

APB2 domain

reserved

APB1 domain

APBO domain

reserved

" 0x1202 0000

128 kB IROM

reserved

96 kB ISRAM1

96 kB ISRAMO

reserved

0GB

shadow area

(1) LPC3154 only.

Fig 13. LPC315x memory map

* 0x1102 8000

OXFFFF FFFF

* 0x8000 0000
 0x7000 0800

0x7000 0000

APB4 domain

0x6000 0000

0x3000 0000

0x2002 0000

0x2000 0000

0x1900 0000

0x1800 0000

0x1700 8000
PEE—

0x1700 0000

-— ]

0x1600 0000

0x1500 0000

* 0x1300 BOOO

APB3 domain

APB2 domain

0x1300 8000
-

0x1300 0000

0x1200 0000

0x1105 8000

0x1104 0000

" 0x0000 1000

0x0000 0000

APB1 domain

APBO domain

reserved

NAND flash controller

DMA

reserved

12SRX_1

12SRX_0

12STX_1

12STX_0

12S system config

reserved

SPI

UART

reserved

LCD

PCM

12C1

12C0

PWM

TIMER 3

TIMER 2

TIMER 1

TIMER O

RNG

OoTP

CGU

IOCONFIG

SysCReg

WDT

ADC 10 bit

event router

0x1700 8000

0x1700 1000

0x1700 0800
0x1700 0000

0x1600 0280
0x1600 0200
0x1600 0180
0x1600 0100
0x1600 0080

0x1600 0000

0x1500 3000
0x1500 2000
0x1500 1000
0x1500 0800
0x1500 0400

0x1500 0000
0x1300 BOOO
0x1300 A400

0x1300 A00O
0x1300 9000
0x1300 8C00
0x1300 8800
0x1300 8400
0x1300 8000
0x1300 6000
0x1300 5000
0x1300 4000
0x1300 3000
0x1300 2800
0x1300 2400
0x1300 2000
0x1300 0000

002aael100
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1. Introduction

The internal ROM memory is used to store the boot code of the LPC315x. After a reset,
the ARM processor will start its code execution from this memory. The boot process for
the LPC3154 is similar to the LPC3152. However, the LPC3154 uses SHA1 hash
checking and AES decryption for secure booting.

1.1 Feature list
The LPC3154 ROM has the following features:
* Supports secure booting from SPI flash, NAND flash, SD/SDHC/MMC cards, UART,
and USB (DFU class) interfaces.
¢ Supports SHA1 hash checking on the boot image.

* Supports non-secure booting from UART and USB (DFU class) interfaces during
development. Once the AES key is programmed in the OTP, only secure boot is
allowed through UART and USB.

* Supports secure booting from managed NAND devices such as moviNAND, iNAND,
eMMC-NAND and eSD-NAND using SD/MMC boot mode.
The LPC3152 ROM has the following features:
* Supports non-secure booting from SPI flash, NAND flash, SD/SDHC/MMC cards,
UART, and USB (DFU class) interfaces.
* Supports option to perform CRC32 checking on the boot image.

* Supports non-secure booting from UART and USB (DFU class) interfaces during
development.

* Supports non-secure booting from managed NAND devices such as moviNAND,
iINAND, eMMC-NAND and eSD-NAND using SD/MMC boot mode.
Features common to all devices:
* Contains pre-defined MMU table (16 kB) for simple systems available at location
0x1201 CO00o0.

* Contains CRC32 lookup table to aid in faster computation of CRC32. Accessible at
location 0x1201 5CBC.

¢ Full implementation of AHB protocol compliant to AMBA specification (Rev 2.0).

¢ Configurable latency (0, 1, 2 AHB wait states) through
SYSCREG_ISROM_LATENCY_CFG (address 0x1300 2860) register (see
Table 27-554).

* ROM capacity of 128 kB.
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2. General description

2.1

2.1.1

21.2

213

Interface description

Clock signals
The CGU will provides the clock for the ISROM module (see Table 6-78).

Table 78. ISROM module clock overview.

Clock name 110 Source/ Max Freq Description
destination
ISROM_CLK | CGuU 75 MHz Main clock of the module - runs all internal
logic.

Reset sighals

The CGU provides an asynchronous low-active reset (AHB_RST_N) which resets the
logic in the ISROM_CLK clock domain.

DMA Transfers

The ISROM module does not make use of flow control, but is able to make use of DMA via
the DMA module.

3. Register overview

4. Functional

The ISROM latency configuration registers resides in the SYSCREG module (see
Section 27-4.5).

description

UM10315

All of the ARM cores are configured to start executing the code upon reset with the
program counter being set to the value 0x0000 0000. The design of LPC315x is such that
the first 4 kB page of the ROM (starting at 0x1200 0000) is shadowed upon reset over the
first 4 kB page of the address space of the processor. This ensures that the first code
executed in the system is the boot code of the ROM. The boot code starts with position
independent set of instructions that branches the execution of the code to the address
space occupied by the ROM, thus removing the limitation of 4 kB for the code size.

The boot ROM determines the boot mode based on reset state of GPIO0, GPIO1, and
GPIO2 pins. To ensure that GPIO0, GPIO1 and GPIO2 pins come up as inputs, pins
TRST_N and JTAGSEL must be low during power-on reset, see JTAG chapter for details.
Table 6—79 shows the various boot modes supported on the LPC315x.

Table 79. LPC315x boot modes
Boot mode GPIO0O GPIO1 GPIO2 Description

NAND 0 0 0 Boots from NAND flash. If proper image is not found,
boot ROM will switch to DFU boot mode.

SPI 0 0 1 Boot from SPI NOR flash connected to SPI_CS_OUTO. If
proper image is not found, boot ROM will switch to DFU
boot mode.

DFU 0 1 0 Device boots via USB using DFU class specification.
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Table 79. LPC315x boot modes
Boot mode GPIOO GPIO1 GPIO2 Description

SD/MMC 0 1 1 Boot ROM searches all the partitions on the
SD/MMC/SDHC/MMC+/eMMC/eSD card for boot image.
If partition table is missing, it will start searching from
sector 0. A valid image is said to be found if a valid image
header is found, followed by a valid image. If a proper
image is not found, boot ROM will switch to DFU boot

mode.

Reserved 0 1 0 Reserved for testing.

NOR flash 1 0 1 Boot from parallel NOR flash connected to
EBI_NSTCS_1.l

UART 1 1 0 Boot ROM tries to download boot image from UART
((115200 — 8 — n -1) assuming 12MHz FFAST clock).

Test 1 1 1 Boot ROM is testing ISRAM using memory pattern test.

After test switches to UART boot mode.

[1] For security reasons this mode is disabled when JTAG security feature is used.

Boot process

LPC315x top level boot process is illustrated in Figure 6-14. The boot ROM reads the
OTP polyfuses into the data register as described in the OTP chapter (see Section 19-5).
Based on the values of security fuses the JTAG access to the chip is enabled. By default
the JTAG access to the chip is disabled at reset. In the LPC315x, the boot ROM will also
set the 'lic_ctrl_cs_bit' bits in the OTGDCLIC register of the analog die (Table 30-612)
with the value read from fuses 505 to 508 (see Figure 19-49).

As shown in the picture the boot ROM determines the boot mode based on the reset state
of the pins GPIO0, GPIO1 and GPIO2. The boot ROM indicates any error during boot
process by toggling GP1O2 pin hence it is advised to connect this pin to a LED to get
visual feedback. Boot ROM copies/downloads the image to internal SRAM at location
0x1102 9000 and jumps to that location (sets ARM'’s program counter register to 0x1102
9000) after image verification. Hence the images for LPC315x should be compiled with
entry point at 0x1102 9000. On LPC3152 the image and header are validated using
CRC32 checksum algorithm. While on LPC3154 the image and header are validated
using a 160-bit SHA1 hash algorithm.
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Fig 14. LPC315x boot process flow chart
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4.2 Boot image format

LPC315x boot ROM expects the boot image be compiled with entry point at 0x1102 9000
and has the layout described in the Table 6—80 (except for “Parallel NOR flash” boot

4.3
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mode).

Table 80. LPC3152 Image format

Field Name Offset Sizein Description

bytes

Image Header

vector 0x00 4 Valid ARM instruction. Usually this will be a branch
instruction to entry point of the image.

magic 0x04 4 This field is used by boot ROM to detect a valid image
header. This field should always be set to 0x41676d69.

execution_crc32 0x08 4 CRC32 value of execution part of the image (offset
0x80 onwards). If the ‘image_type’ is set to ‘0xA’, this
field is ignored by boot ROM.

Reserved0 0x0C 16 Should be zero.

imageType ox1Cc 4 Specifies whether CRC check should be done on the
image or not.
OxA — No CRC check required.
0xB — Do CRC32 check on both header and execution
part of the image.

imageLength 0x20 4 Total image length including
header rounded up to the nearest 512 byte boundary.
In C language the field can be computed as:
i mgelLength = (Actual length + 511) & ~Ox1FF;.

releaselD 0x24 4 Release or version number of the image. Note, this field
is not used by boot ROM but is provided to track the
image versions.

buildTime 0x28 4 Time (expressed in EPOC time format) at which image
is built. Note, this field is not used by boot ROM but is
provided to track the image versions.

sbzBootParameter 0x2C 4 Should be zero.

cust_reserved 0x30 60 Reserved for customer use.

header_crc32 ox6C 4 CRC32 value of the header (bytes 0x00 to 0x6C of the
image). If the ‘image_type’ is set to ‘OxA, this field is
ignored by boot ROM.

Reservedl 0x70 16 Should be zero.

Execution Part

Program code 0x80 Max. 128 Program code. The maximum size of the image allowed

kB by boot ROM is 128 kB (including header). The final

image has to be padded to the nearest 512 byte
boundary.

NAND boot mode

Figure “NAND boot flow” details the boot-flow steps of the NAND boot mode. As already
mentioned, the execution of this mode happens only if the mode pins had proper value on

reset (see Table 6-79).
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4.3.1 NAND parameters

The boot ROM expects the NAND flash device settings. The bad block list information is
written in block zero. The LPC315x boot ROM defines NAND flash parameters page as

below:

UM10315
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Table 81. NAND flash parameters
Field Name Offset Sizein Description
bytes

tag 0x00 8 Parameter page marker. This field
should always be set as ASCII string
"NANDflsh".

interface_width 0x08 1 This field should be set to 0x10 when
16-bit NAND device is connected. Boot
ROM assumes 8-bit NAND device if any
other value is set in this field.

reserved 0x09 Should be zero.

page_size_in_bhytes O0x0A 2 Page size in bytes. For small page
NAND flash set to 512.

page_size_in_32bit_words 0x0C 2 Page size in number of 32-bit words. For
small page NAND flash set to 128.

pages_per_block Ox0E Number of pages per block.

nbr_of blocks 0x10 Number of block present on device.

amount_of_address_bytes 0x14 1 Number of page address cycles
expected by device during read/program
operations.

amount_of _erase_address_bytes 0x15 1 Number of address cycles expected by
device during erase operation.

support_read_terminate 0x16 1 Set non-zero value for devices which
require 2nd read command (0x30) cycle.

page_increment_byte_nr 0x17 1 Number of address bytes used for
column addressing.

device_name 0x18 40 User defined ASCII string.

timing1 0x40 Value to be set in NandTiming1 register.

timing2 0x44 Value to be set in NandTiming2 register.

ecc_mode 0x48 1 Set 0 for no hardware ECC.
Set 5 to use 5 bit ECC corrector.
Set 8 to use 8 bit ECC corrector.
Other values are ignored.

Reserved 0x49 3 Should be zero.

User_def 0x4C 176 User defined values.

CRC32 0xFC 4 CRC32 value of the above defined

structure.

NAND device manufacturers pre-mark bad blocks on their devices. These marker
locations vary from one manufacturer to another. The LPC315x boot ROM code should
use this information and skip bad blocks during the boot process. For this purpose, the
LPC315x boot ROM defines a bad block list page as part of block 0. The format of the bad

block list page is shown below.
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Table 82. Bad block list page

Field Name Offset Sizein Description
bytes

page_size page_size page_size
512 byte 2048 byte 4096 byte

Page 1

Bad_block_list_size 0x00 0x00 0x00 4 Size of bad block list

Bad block number  0x04 0x04 0x04 4 First bad block number

Bad block number  0x08 0x08 0x08 4 Second bad block number

Marker Ox1F8 Ox7F8 OxFF8 3 Bad page marker. This field should always be set as
ASCII string "BAD".

Bad_page_nr Ox1FB 0x7FB OxFFB 1 Page number. Value = 1.

CRC32 Ox1FC Ox7FC OxFFC 4 CRC32 value of the current page excluding the current
word. l.e. CRC32 of bytes 0 to (page_size — 4) of this
page.

Page 2

Bad block number  0x00 0x00 0x00 4 Bad block number m, where m = page_size/4 -3+ 1=
126/510/1022 for page_size = 512/2048/4096 byte.

Bad block number  0x04 0x04 0x04 4 Bad block number m + 1.

Marker 0x1F8 Ox7F8 OxFF8 3 Bad page marker. This field should always be set as
ASCII string "BAD".

Bad_page_nr Ox1FB Ox7FB OxFFB 1 Page number. Value = 2.

CRC32 O0x1FC Ox7FC OxFFC 4 CRC32 value of the current page excluding the current

word, for example CRC32 of bytes 0 to 508 of this
page for a 512-byte page.

Last bad block page n

Bad block number  0x00 0x00 0x00 4 Bad block number m + (n — 2) x (m + 1), where
m = page_size/4 — 3 = 125/509/1021 byte.

Bad block number  0x04 0x04 0x04 4 Next bad block number

Marker 0x08 0x08 0x08 3 Bad page marker. This field should always be set as
ASCII string "BAD".

Bad_page_nr 0x0B 0x0B 0x0B 1 Page number. Value = n.

CRC32 0x0C 0x0C 0x0C 4 CRC32 value of the current page excluding the current

word. l.e. CRC32 of bytes 0 to 12 of this page.

In the above table, the assumption is made that the last bad block page contained only 2
bad block numbers. If the number of bad blocks is less than 125/509/1021 (for a
512/2048/4096-byte device), then the page 1 structure will be as shown in Table 6—-83.

The boot ROM always reads one full page (512 byte for small, 2 kB or 4 kB for large)
before it parses the bad block list. If ECC is enabled in the parameter page, then the
NAND programmer should write the complete page, or else the ECC will fail on
subsequent sub-pages. The boot ROM will treat this as an error and not boot from NAND.
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Table 83. Bad block list page (page 1)

Field Name Offset Size in bytes Description
page_size page_size page size
512 byte 2048 byte 4096 byte
Page 1
Bad_block_list_size 0x00 0x00 0x00 4 Size of bad block list
bad block number  0x04 0x04 0x04 4 First bad block number
bad block number  0x08 0x08 0x08 4 Second bad block number
Marker OxYY (where  OxYY (where  OxYY (where 3 Bad page marker. This field
OXYY < Ox1F8) OxYY < Ox7F8) OxYY < OxFF8) should always be set as

ASCII string "BAD".

Bad_page_nr OxYY + 3 OxYY + 3 OxYY + 3 1 Page number. Value = 1.
CRC32 oxYY +4 oxYY + 4 oxYY + 4 4 CRC32 value of the current
page excluding the current
word. l.e. CRC32 of bytes 0
to (0xYY+4) of this page.
Unused OxYY + 8 oxYY + 8 OxYY + 8 0x1F8 — OxYY -8 Fill remaining page with
(512 byte) OxFF
Ox7F8 — OxYY - 8
(2048 byte)
OxFF8 — OxYY - 8
(4096 byte)

Since boot ROM needs to know the number of address cycles, chip select, timings, device
bus width, page size etc. to read the parameter page, it employs the following
pseudo-code algorithm to auto-detect and read the NAND parameter page. Once it reads
the parameter page, it uses the values configured in that page to access the NAND
device.

1. For each chip select (NAND_NCS _0to NAND_NCS_3) repeat steps 2 to 12.

2. Determine if it is a pseudo 16-bit setup. A pseudo 16-bit setup is defined as
connecting two identical 8-bit wide NAND devices (same manufacturer and same
product type) in parallel to LPC315x to create a 16-bit wide device. Boot ROM sends
READID command on both upper and lower byte of 16-bit NAND bus and checks if
the responses received on both upper byte and lower byte of the bus are identical.

3. If the device is pseudo 16-bit, from now onwards repeat command and address bytes
on both upper and lower byte of the bus. As far as data is concerned treat the device
as a 16-bit wide device.

4. If no response is received, check the presence of device on next chip select.
5. Initially assume 8-bit wide device and do the following steps.

6. Access the NAND device assuming number of address cycles & requires 2nd read
command (0x30) cycle in the following order: {address cycles, Command 0x30
required} {5,yes},{4,no0},{4,yes},{3,n0},{0,n0},{5,n0},{6,yes},{6,no}.

7. Issue reset to NAND device every time the access method is changed.
8. Read page with hardware ECC check disabled.
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. Check whether the page has parameter information. Verification involves checking the
presence of parameter marker (ASCII string "NANDfIsh") at offset 0x00 and also
checking whether the CRC32 of the parameter page matches the value set at offset
OxFC.

10. Repeat read page (steps 7 and 8) with hardware ECC set to 5-bit mode and then 8-bit

11.

mode.

Repeat steps 7 to 9 until a valid parameter page is found using following page
indexes: 0, 16, 32, 64, 128, 256.

12. If no valid parameter page is found repeat steps 5 to 10 assuming 16-bit device.

Once the boot ROM reads the parameter page it employs the following algorithm to read
bad block list.

1

. Repeat the following steps 2 to 3 until valid bad block list is found using current page
index as: 1, 17, 33, 65 and 257.

. Check the page has valid bad block “page 1" information. See “Bad block list pages”
table for more information on page structure.

. Read next pages until all bad block numbers are read. Note, the first page contains

the “Bad_block_list_size” field which tells boot ROM how many blocks are marked
bad on this device.

Search for the valid NAND flash executable image

The first step in the execution of the image from the NAND flash is the search for it. The
search for the valid image starts at the block 1 of the NAND flash. Block 0 of the NAND
flash is filled in with the information about initial bad blocks and information about the

ge

ometry of the NAND flash itself, used during the initialization of the ROM based NAND

flash driver. This can be seen in Figure 6-16.

Last block
searched
for the
Block 0 Block 1 Block 2 Block 3 Block 4 Block 5 Block 6 Block 7 image by
ROM boot
code. Block
1024

. Contents of D Parameter D Bad Block D Block not used Block used by

F

-+——Image

Color Legend

the block block by image image

ig 16. NAND search

It is recommended that the application which stored the image on the NAND flash, should
make sure that it occupies a contiguous set of good physical blocks, so there is no need

for the bad block management scheme to be implemented in the ROM boot. Boot ROM
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skips bad blocks as long as the bad block is listed in the bad block list page. In the
example in Figure 6—16 the image occupies 3 blocks, and the first free set of the
contiguous 3 blocks are blocks 3 to 5. The search process tries to find appropriate header
in block 1 and fails. The header check is started by loading 128 bytes from the beginning
of the current block (block 1 in this case) and checking the magic word first. There is a
high probability that the block that does not contain header has an incorrect magic word
value, so no more time is spent on this block and next block can be searched. If the magic
word value was correct, the challenging of the header continues by computing the CRC32
(for LPC3152) over header scope and comparing it against the one stored in the header.
The probability of an accidental match is quite small. CRC32 check for LPC3152 is done
on the execution part of the image, that the computed CRC32 (for LPC3152) matches the
one that was stored in the header.

In the example illustrated in Figure 6-16, the normal course of action would be the failed
search starting from the block 1, failed search starting from the block 2 and successful
search starting from the block 3.

The LPC315x boot ROM searches for valid image starting from Block 1 to block 1024 (if
present on the device). If a bad block is present in between the image blocks and the
block is listed in bad block list page, the boot ROM skips that block and assumes the
consecutive blocks have the rest of the image.

SPI NOR-flash boot mode

Figure 6—17 details the boot-flow steps of the SPI NOR-flash boot mode. As already
mentioned, the execution of this mode happens only if the mode pins had proper value on
reset (see Boot modes Table 6—79).
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Fig 17. SPI boot flow

As illustrated in the figure Figure 6—17, for LPC315x boot ROM to support a SPI
NOR-flash boot, the device should support “High frequency continuous array read”
(command 0x0B). Since boot ROM doesn’t rely on response for commands OxAB, 0xB9
and Ox9F, as long as the SPI devices ignore or respond correctly to these command
LPC315x should be able to boot from them.

45 DFU boot mode

Device Firmware Upgrade (DFU) is a USB class specification defined by USB.org.
LPC315x boot ROM uses this class specification to implement USB boot mode. Figure
Figure 6—18 details the boot-flow steps of the USB boot mode.
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Fig 18. USB DFU boot mode

The boot flows in following steps through the DFU mode:

1. Setup the clocks for DFU mode.
2. Initialize USB OTG stack that implements DFU class.

3. Enable and configure any additional necessary hardware (i.e. supply voltage must be
guaranteed to be greater than 3.1 V).

4. Wait for the detection of the connection of the USB host. This is implemented as a
polling loop that blocks the execution until condition USB connected is read. When the
VBUS of the USB is not detected within 2 minutes, the boot ROM indicates error by
toggling GPIO2 for 2 minutes and then driving GPIO3 high.

5. Start downloading the first header of the EBN file. The EBN file is a collection of
objects. Each object consists of the header and the TEA (Tiny Encryption Algorithm)
encrypted image. Apart from the size of the image, the header indicates the TEA key
offset and the 32b CRC of the contained image. If the EBN header indicates the size
of the object is larger than 128 KB, an error is signaled to the USB host and the
execution is returned to the top, waiting for the USB connection.

6. Download the rest of the EBN image and perform TEA decryption using the key
indicated by the key offset in the EBN header.
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7. Calculate CRC32 checksum value of the TEA decrypted image and compare it
against the value stored in the EBN header. When the hash values do not match, the
error is signaled to the host and the execution is returned to the top, waiting for the
USB connection.

8. Validate the header of the execution image, using header CRC32 checksum value
(only done if image_type is set to 0xB), checking the magic values, size and image
type indicator.

9. Calculate the CRC32 checksum value for execution part of the image (only done if
image_type is set to 0xB) and compare it against the value stored in execution image
header. If the calculated and stored checksum values do not match an error is
signaled to the USB host and the execution is returned to the top, waiting for the USB
connection.

Table 84. EBN image format

Field name Offset Size Description
(bytes)
Vector 0x00 4 Should always be 0XE600 0010
Starting sector 0x04 4 Each sector is 2048 bytes so if this field is n, then the
image will be copied to (0x1102 9000 + (n x 2048))
location.
Key index 0x08 4 Boot ROM has 64 pre-built 128 bit keys. This field tells

which key out of 64 is used to encrypt the image.
Customers who want to know at least one key value to
create their own program can use the Key0 which is
0x91EC6C69 EACEEODO 6972503A F69228BF.

Initial vector 1 0x0C 4 Initial vector 1 used by TEA encryption.

Initial vector 2 0x10 4 Initial vector 2 used by TEA encryption.

Image CRC 0x14 4 Image CRC. Use the CRC table available in boot ROM.
Image size 0x18 4 Image size in bytes.

4.6 SD/MMC boot mode

Figure “SD/MMC boot flow” details the boot-flow steps of the SD/MMC boot mode. As
already mentioned, the execution of this mode happens only if the mode pins had proper
value on reset (see Boot modes Table 6—79).
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Fig 19. SD/MMC boot flow
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As illustrated in Figure 6-19, boot ROM supports parsing of partition tables on the card.
The boot ROM doesn’t have any knowledge of file system. Hence to boot from SD/MMC
cards the user has to create “OxDF” partition and copy the boot image directly to the raw

sectors of that partition.

As shown creation of partition type “OxDF” is not a compulsory requirement but, it speeds
up the search process. A user could create any other partition type and dump the boot

image to that partition.

LPC315x boot ROM deploys a comprehensive card detection process to detect MMC,
eMMC, SD1.1, SD2.0, SDHC, eSD, managed-NAND and moviNAND devices.

LPC315x boot ROM interacts with memory cards in 1-bit bus mode only.
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4.7 UART boot mode

Figure 6—20 details the boot-flow steps of the UART boot mode. As already mentioned,
the execution of this mode happens only if the mode pins had proper value on reset (see
Boot modes Table 6—79).

Init UART assuming Transmit boot
Enable all clocks FFAST_IN =12MHz. > prompt on
115200-8-n-1 UART_TXD

I

Start minute timer

Did we
receive any
data?

Change timer to 1
second timeout.

f

— | Receive rest of the data | |«

Transmit
timeout

prompt on
No Is Valid UART_TXD
Header?
No———— P
v
Yes Toggle GPI0O2

333msec ON
667msec OFF.
For 120 times.

Drive GPIO3 high.
Infinite loop.

Is Valid
image?

See main boot flow l——Yes

Fig 20. UART boot mode

As illustrated in Figure 6—20 configure UART with following settings:

* Baud rate = 115200 (UART divisor registers are programmed 12MHz crystal
frequency)

¢ Data bits =8
* Parity = None
e Stop hits=1

The boot ROM doesn’t implement any flow control or any handshake mechanisms during
file transfer. Hence it is recommended to create CRC check images (image_type set to
0xB) for UART boot.

4.8 Parallel NOR-flash boot mode

Unlike other boot modes “NOR-flash” boot mode uses simplified image header. When this
boot mode is selected boot ROM reads EBI_NSTCS_1 chip select area in 16 bit mode.
The wait states for the interface are set to default values. See MPMC chapter for details.
In this boot mode boot ROM copies the image from NOR-flash to ISRAMO (location
0x1102 9000) and jumps to that location (sets the program counter of ARM to 0x1102
9000). Also no CRC check is done to validate the image.

LPC315x boot ROM expects the boot image be compiled with entry point at 0x1102 9000
and has the layout described in the table “NOR Image format”.
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Table 85. NOR image format
Field Name Offset Sizein Description

bytes

Image Header

vector 0x00 4 Valid ARM instruction. Usually this will be a branch instruction
to entry point of the image.

magic 0x04 4 This field is used by boot ROM to detect a valid image header.
This field should always be set to 0x3150F2ES5.

imageLength 0x08 4 Total image length including header. Maximum allowed value is
128 kB.

4.9 Test mode

On LPX315x, this mode is primarily designed as a ROM based lifetime test of the basic
functions of the processor. It is a simple platform that is used for measurements of the
quality of the generated audio signal and of the correctness of the recorded line in signal.

Remark: Test mode is only meant for test purposes and should not be used in a normal
product. Failing to comply with this restriction could provoke unexpected behavior from
the board (e.g. USB charge pump is enabled during test mode, and if UOS_VBUS pin is
connected to VBUS rail on board and a USB cable is connected between PC and device,
the VBUS will be driven by both board and PC ultimately harming the system).

LPC315x boot ROM does memory pattern tests on ISRAMO and ISRAML. If any errors
are found during the test, the boot ROM will toggle the GPIO2 pin continuously for 2
minutes and then drive the GPIO3 pin high. See Figure 6-14 for details. If the memory
test passes, the boot ROM proceeds with further testing of audio paths.

The blocks being subjected to these tests are the elements of the output audio paths
(class-AB amplifiers) and the input (line in). To pass the test successfully, it is required to
establish the analog loop back between the headphone output and the line input.

The Test mode is divided into the initialization part and the cyclical tests part. The Test
mode can be stopped at any time and move into the UART mode, if the UART wake-up
signals, three ASCI dots ('...") in sequence, are sent on the UART. All of the analog blocks
are enabled and all of the unused clocks are shutdown. The boot code will also set up one
of the DMA channels to continuously fill the designated circular buffer with the audio
recorded from the line input.

The remaining tests are put in the following (constantly repeated) sequence:

1. Setup the DMA channel to transfer the sinusoidal signal from the circular memory
buffer contained in ROM to the output of the CLASS-AB amplifier. Wait for 1 minute in
this state, and while waiting, check for the wake-up from the UART. If UART wake-up
is received, immediately stop all of the DMA transfers and disable the analog blocks
before branching into the UART mode.

2. After 1 minute, pause the DMA channel that is transferring data recorded from the line
input and then analyze the recorded data gathered in the circular buffer. If the data in
the buffer is not as expected, generate a report on UART terminal. If the data was as
expected, generate a positive report and move to next sinusoidal frequency pair.

At any given moment, the UART wake-up signal ('...") can be sent to move the execution
flow into the UART mode.
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ISROM latency

The CPU can read boot-code from the ROM via the ISROM module. The CPU will
address the ISROM module, which will translate the incoming AHB address in a ROM
address. Based on this address the ROM will provide the ISROM module with data, which
is stored on the given address. Then the ISROM module will transport the data read from
the ROM to the CPU. By changing the latency through the memory controller less or more
pipeline stages will be added. The more pipeline stages are used, the higher the
frequency is which can be used, but the bigger the latency through the ISROM module is.

Built-in MMU table

ARMO926EJS core requires memory management unit (MMU) to be initialized to make use
of Data-cache and other memory protection functionality. For initializing MMU a translation
table is required which defines section entries (Virtual to physical address mapping, cache
enable, buffer enable, domain permission etc.). See ARM926EJS TRM for more details.
The translation table has up to 4096 x 32-bit entries (total 16 kB of memory), each
describing 1MB of virtual memory. This enables up to 4GB of virtual memory to be
addressed. For systems which don't use any external memory (or systems which have
tight memory requirement), LPC315x boot ROM provides a pre-defined MMU translation
table in its ISROM. This translation table is available at location 0x1201 C000 in ISROM.

Table 86. MMU translation table

Virtual Sizein Entry Type Physical C B  Other settings

Address bytes Address

Range

0x00000000 1M Section entry 0x00000000 0 0 Belongs to domain 0x0, cache disabled, write
buffer disabled, and permission - User R/W,
Supervisor R/W.

0x00100000 1M COARSE TABLE 0x11057C00 - - Memory mapping defined by Coarse page
table at 0x11057C00. Belongs to domain 0.

0x00200000 1M COARSE TABLE 0x11057800 - - Memory mapping defined by Coarse page
table at 0x11057800. Belongs to domain 0

0x00300000 1M COARSE TABLE 0x11057400 - - Memory mapping defined by Coarse page
table at 0x11057400. Belongs to domain O

0x00400000 1M COARSE TABLE 0x11057000 - - Memory mapping defined by Coarse page
table at 0x11057000. Belongs to domain 0

0x00500000 1M COARSE TABLE 0x11056C00 - - Memory mapping defined by Coarse page
table at 0x11057CO00. Belongs to domain 0

0x00600000 1M COARSE TABLE 0x11056800 - - Memory mapping defined by Coarse page
table at 0x11057800. Belongs to domain O

0x00700000 1M COARSE TABLE 0x11056400 - - Memory mapping defined by Coarse page
table at 0x11057400. Belongs to domain 0

0x00800000 1M COARSE TABLE 0x11056000 - - Memory mapping defined by Coarse page
table at 0x11057000. Belongs to domain 0

0x00900000 1M COARSE TABLE 0x11055C00 - - Memory mapping defined by Coarse page
table at 0x11057C00. Belongs to domain 0

0x00A00000 1M COARSE TABLE 0x11055800 - - Memory mapping defined by Coarse page
table at 0x11057800. Belongs to domain 0

0x00B0O000OO 1M COARSE TABLE 0x11055400 - - Memory mapping defined by Coarse page

UM10315

table at 0x11057400. Belongs to domain 0
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Table 86. MMU translation table ...continued
Virtual Sizein Entry Type Physical Other settings
Address bytes Address
Range
0x00C00000 1M COARSE TABLE 0x11055000 Memory mapping defined by Coarse page
table at 0x11057000. Belongs to domain 0
0x00D00000 1M COARSE TABLE 0x11054C00 Memory mapping defined by Coarse page
table at 0x11057C00. Belongs to domain 0
0xO0E00000 1M COARSE TABLE 0x11054800 Memory mapping defined by Coarse page
table at 0x11057800. Belongs to domain O
0x00F00000 1M COARSE TABLE 0x11054400 Memory mapping defined by Coarse page
table at 0x11057400. Belongs to domain 0
0x01000000 1M COARSE TABLE 0x11054000 Memory mapping defined by Coarse page
table at 0x11054000. Belongs to domain 0
0x01100000 1M COARSE TABLE 0x11053C00 Memory mapping defined by Coarse page
table at 0x11053C00. Belongs to domain 0.
0x01200000 1M COARSE TABLE 0x11053800 Memory mapping defined by Coarse page
table at 0x11053800. Belongs to domain 0
0x01300000 1M COARSE TABLE 0x11053400 Memory mapping defined by Coarse page
table at 0x11053400. Belongs to domain 0
0x01400000 1M COARSE TABLE 0x11053000 Memory mapping defined by Coarse page
table at 0x11053000. Belongs to domain 0
0x01500000 1M COARSE TABLE 0x11052C00 Memory mapping defined by Coarse page
table at 0x11052C00. Belongs to domain 0
0x01600000 1M COARSE TABLE 0x11052800 Memory mapping defined by Coarse page
table at 0x11052800. Belongs to domain 0
0x01700000 1M COARSE TABLE 0x11052400 Memory mapping defined by Coarse page
table at 0x11052400. Belongs to domain 0
0x01800000 1M COARSE TABLE 0x11052000 Memory mapping defined by Coarse page
table at 0x11052000. Belongs to domain 0
0x01900000 1M COARSE TABLE 0x11051C00 Memory mapping defined by Coarse page
table at 0x11051CO00. Belongs to domain 0
0x01A00000 1M COARSE TABLE 0x11051800 Memory mapping defined by Coarse page
table at 0x11051800. Belongs to domain 0
0x01B00000 1M COARSE TABLE 0x11051400 Memory mapping defined by Coarse page
table at 0x11051400. Belongs to domain 0
0x01C00000 1M COARSE TABLE 0x11051000 Memory mapping defined by Coarse page
table at 0x11051000. Belongs to domain O
0x01D00000 1M COARSE TABLE 0x11050C00 Memory mapping defined by Coarse page
table at 0x11050C00. Belongs to domain 0
0x01E00000 1M COARSE TABLE 0x11050800 Memory mapping defined by Coarse page
table at 0x11050800. Belongs to domain 0
0x01F00000 1M COARSE TABLE 0x11050400 Memory mapping defined by Coarse page
table at 0x11050400. Belongs to domain O
0x02000000 1M COARSE TABLE 0x11050000 Memory mapping defined by Coarse page
table at 0x11050000. Belongs to domain 0
0x02100000 1M FINE TABLE 0x11057000 Memory mapping defined by Fine page table
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at 0x11057000. Belongs to domain 0.
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Table 86. MMU translation table ...continued

Virtual Sizein Entry Type Physical Other settings

Address bytes Address

Range

0x02200000 1M FINE TABLE 0x11056000 Memory mapping defined by Fine page table
at 0x11056000. Belongs to domain 0.

0x02300000 1M FINE TABLE 0x11055000 Memory mapping defined by Fine page table
at 0x11055000. Belongs to domain 0.

0x02400000 1M FINE TABLE 0x11054000 Memory mapping defined by Fine page table
at 0x11054000. Belongs to domain 0.

0x02500000 1M FINE TABLE 0x11053000 Memory mapping defined by Fine page table
at 0x11053000. Belongs to domain 0.

0x02600000 1M FINE TABLE 0x11052000 Memory mapping defined by Fine page table
at 0x11052000. Belongs to domain 0.

0x02700000 1M FINE TABLE 0x11051000 Memory mapping defined by Fine page table
at 0x11051000. Belongs to domain 0.

0x02800000 1M FINE TABLE 0x11050000 Memory mapping defined by Fine page table
at 0x11050000. Belongs to domain 0.

0x02900000 231M Section entries OxFFFO00000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,

Ox10FFFFFF Supervisor R/W.

0x11000000 1M Section entry 0x11000000 Belongs to domain 0x0, cache disabled, write
buffer disabled, and permission - User R/W,
Supervisor R/W.

0x11100000 1M Section entry 0x11000000 Belongs to domain 0x0, cache enabled, write
buffer enabled, and permission - User R/W,
Supervisor R/W.

0x11200000 14M Section entries OxFFF00000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,
Supervisor R/W.

Ox11FFFFFF

0x12000000 1M Section entry 0x12000000 Belongs to domain 0x0, cache disabled, write
buffer disabled, and permission - User R/W,
Supervisor R/W.

0x12100000 1M Section entry 0x12000000 Belongs to domain 0x0, cache enabled, write
buffer enabled, and permission - User R/W,
Supervisor R/W.

0x12200000 14M Section entries OxFFF00000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,
Supervisor R/W.

Ox12FFFFFF

0x13000000 1M Section entry 0x13000000 Belongs to domain 0x0, cache enabled, write
buffer disabled, and permission - User R/W,
Supervisor R/W.

0x13100000 31M Section entries OxFFF00000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,

Ox14FFFFFF Supervisor R/W.

0x15000000 1M Section entry 0x15000000 Belongs to domain 0x0, cache disabled, write
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buffer disabled, and permission - User R/W,
Supervisor R/W.
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Table 86. MMU translation table ...continued

Virtual Sizein Entry Type Physical Other settings

Address bytes Address

Range

0x15100000 15M Section entries OxFFF00000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,

Ox15FFFFFF Supervisor R/W.

0x16000000 1M Section entry 0x16000000 Belongs to domain 0x0, cache disabled, write
buffer disabled, and permission - User R/W,
Supervisor R/W.

0x16100000 15M Section entries OxFFF00000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,

Ox16FFFFFF Supervisor R/W.

0x17000000 1M Section entry 0x17000000 Belongs to domain 0x0, cache disabled, write
buffer disabled, and permission - User R/W,
Supervisor R/W.

0x17100000 15M Section entries OxFFF00000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,

Ox17FFFFFF Supervisor R/W.

0x18000000 1M Section entry 0x18000000 Belongs to domain 0x0, cache disabled, write
buffer disabled, and permission - User R/W,
Supervisor R/W.

0x18100000 15M Section entries 0xFFF00000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,

O0x18FFFFFF Supervisor R/W.

0x19000000 1M Section entry 0x19000000 Belongs to domain 0x0, cache disabled, write
buffer disabled, and permission - User R/W,
Supervisor R/W.

0x19100000 111M  Section entries OxFFF00000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,

OX1FFFFFFF Supervisor R/W.

0x20000000 1M Section entry 0x20000000 Belongs to domain 0x0, cache disabled, write
buffer disabled, and permission - User R/W,
Supervisor R/W.

0x20100000 1M Section entry 0x20000000 Belongs to domain 0x0, cache enabled, write
buffer enabled, and permission - User R/W,
Supervisor R/W.

0x20200000 254M  Section entries OxFFF00000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,

Ox2FFFFFFF Supervisor R/W.

0x30000000 256M Section entries 0x30000000 to Belongs to domain 0x0, cache disabled, write

to Ox3FFFFFFF buffer disabled, and permission - User R/W,

Ox3FFFFFFF Supervisor R/W.

0x40000000 256M Section entries 0x30000000 to Belongs to domain 0x0, cache enabled, write

to Ox3FFFFFFF buffer enabled, and permission - User R/W,

Ox4FFFFFFF Supervisor R/W.

0x50000000 256M Section entries OxFFFO00000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,

OX5FFFFFFF Supervisor R/W.

0x60000000 1M Section entry 0x60000000 Belongs to domain 0x0, cache disabled, write
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buffer disabled, and permission - User R/W,
Supervisor R/W.
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Table 86. MMU translation table ...continued

Virtual Sizein Entry Type Physical C B  Other settings

Address bytes Address

Range

0x60100000 255M  Section entries OxFFF00000 0 0 Belongs to domain OxF, cache disabled, buffer
to disabled, and permission - User no access,

OX6FFFFFFF
0x70000000 1M

0x70100000  2303M
to
OXFFFFFFFF

Supervisor R/W.

Section entry 0x70000000 0 0 Belongs to domain 0x0, cache disabled, write

buffer disabled, and permission - User R/W,
Supervisor R/W.

Section entries OxFFF00000 0 0 Belongs to domain OxF, cache disabled, buffer

disabled, and permission - User no access,
Supervisor R/W.

In the above table when,

C =0, Cache is disabled for that section of virtual memory space.

C =1, Cache is enabled for that section of virtual memory space.

B = 0, Write buffer is disabled for that section of virtual memory space.

B = 1, Write buffer is enabled for that section of virtual memory space.

5. Programming guide

5.1 Creating LPC315x bootable partition on SD/MMC cards using the

UM10315

‘fdisk’ utility
This section gives the step-by-step instructions in creating LPC315x bootable partition on
SD/MMC cards using “fdisk” utility available on Linux PC.

1. Invoke fdisk on the device node associated with SD card. Use ‘dmesg’ command to

figure out “/dev/sdxx” device Linux used for the current USB card reader. The
“/dev/sdxx” log entries appear at the very end of the dmesg output.

$ sudo fdisk /dev/sde
[sudo] password for xxx_user:

. Print the current partition table entries.

Command (m for help): p

Disk /dev/sde: 32 MB, 32112640 bytes

1 heads, 62 sectors/track, 1011 cylinders
Units = cylinders of 62 * 512 = 31744 bytes
Disk identifier: 0xde283a86

Device Boot Start End Blocks Id System
I dev/sdel 2 899 27838 6 FATL16
[ dev/sde?2 900 1011 3472 df BootlIt

Command (m for help):

. Note, always create "bootit" (partition type 0xDF) partition as second patrtition. So that

when the card is plugged back into a Windows PC it doesn't format “bootit” partition.
Windows will not complain as long as the first partition is either FAT or NTFS patrtition.

4. You could use 'm' command under “fdisk” to get help on other “fdisk” commands.
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5. Delete all existing partitions on the card one at a time

Command (m for help): d
Partition number (1-4): 1
Command (m for help): d
Partition number (1-4): 2

. Now create new partitions. To specify the amount of space you need to specify start

block and end block for each partition. This is usually the cylinders numbers. Since
they vary from card to card it is little confusing what to specify. So we create the
second partition first with +1M (1 MB size).

Command (m for help): n

Command action

e extended

pprimary partition (1-4)

p

Partition number (1-4): 2

First cylinder (1-1011, default 1):

Using default value 1

Last cylinder or +size or +sizeMor +sizeK (1-1011, default 1011): +1M
Command (m for help): t

Selected partition 2

Hex code (type L to list codes): df

Changed system type of partition 2 to df (Bootlt)
Command (m for help):

. Now create first partition of type FAT16 or FAT32. The card used in illustration is

32MB only so we will create FAT16 in this example.

Command (m for help): n

Command action

e extended

p primary partition (1-4)

p

Partition number (1-4): 1

First cylinder (34-1011, default 34):

Using default value 34

Last cylinder or +size or +sizeMor +sizeK (34-1011, default 1011):
Using default value 1011

Command (m for help): t

Partition number (1-4): 1

Hex code (type L to list codes): 6

Changed system type of partition 1 to 6 (FATL6)
Command (m for help): p

Disk /dev/sde: 32 MB, 32112640 bytes

1 heads, 62 sectors/track, 1011 cylinders
Units = cylinders of 62 * 512 = 31744 bytes
Disk identifier: 0xde283a86

Device Boot Start End Blocks Id System
I dev/ sdel 34 1011 30318 6 FATL16
I dev/sde? 1 33 1022+ df Bootlt

Partition table entries are not in disk order
Command (m for help):
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Now write the table and exit from fdisk

Command (m for help): w

The partition table has been altered!

Calling ioctl() to re-read partition table.

WARNING: |f you have created or modified any DOS 6. x
partitions, please see the fdisk manual page for additional
informtion.

Syncing disks.

$

Now dump the boot image to /dev/sde2 partition using "dd" command as follows. If
you are using latest LPC315x CDL, the bin files generated by make system can be
written directly to the card. If not then you need to create the image in the format
described in Section 6—4.2.

$ sudo dd if=./image.bin of=/dev/sde2 bs=512
[sudo] password for xxxuser

102+1 records in

102+1 records out

52528 bytes (53 kB) copied, 0.186911 s, 281 kB/s
$

Now the card is ready for booting. Don't forget to "sync" the card before ejecting. Also
don't forget to put LPC315x in SD/MMC boot mode.

CRC look-up table

LPC315x boot ROM has CRC32 lookup table to aid in faster computation of CRC32.
Various CRC32 fields described in image formats used by boot ROM use this table which
is accessible at location 0x1201 5CBC. The following C code gives an example on how to
use this CRC table.

#define crc32table ((const u32*)0x12015CBC)
u32 crc32_compute(u8 *data, int length)

{

u32 crc = OXFFFFFFFF;
while (length--)

{
crc = crc32table[(crc ™ *datat+) & OxFF] *(crc >> 8);
}
crc M= OXFFFFFFFF,
return crc;
}
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1. Introduction

The ISRAM controller is used as a memory controller between the AHB bus and the
internal RAM memory. The internal RAM memory can be used as working memory for the
ARM processor and as temporary storage to execute the code that is loaded by boot
ROM from external devices such as SPI-flash, NAND flash, parallel NOR-flash and
SD/MMC cards.

1.1 Feature list

* Full implementation of AHB protocol compliant to AMBA specification (Rev 2.0).

* Configurable latency (0, 1 or 2 AHB wait states) through
SYSCREG_ISRAMO_LATENCY_CFG (address 0x1300 2858, see Table 27-552) and
SYSCREG_ISRAM1_LATENCY_CFG (address 0x1300 285C, see Table 27-553)
registers in SYSCREG

* Support bus endianess configuration through ARM926 coprocessor register setting.
¢ Single AHB slave interface towards multiple memory instances (ROM or SRAM).

* OR-bus compliant outputs.

* RAM capacity of 128 kB.

* Implemented as two memories of 96 kB. ISRAMO starting at address 0x1102 8000
and ISRAML1 starting at address 0x1104 0000.

2. General description

2.1 Interface description

2.1.1 Clock Signals
CGU will provides the clocks the ISRAM module (see Table 7-87).

Table 87. ISRAM module clock overview

Clock name 110 Source/ Max. Description
destination Freq.
ISROMO/1_CLK | CGuU 75 MHz. Main clock of the module. This clock is part

of the AHB bus, and runs on the same
clock as the AHB main clock.

2.1.2 Reset signals

The CGU provides an asynchronous active-low reset (AHB_RST_N) which resets the
logic in the ISRAMO/1_CLK clock domain.
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DMA transfers

The ISRAM module does not make use of flow control, but it is able to make use of DMA
via the DMA module.

3. Register overview

4. Functional

The latency configuration signal is programmed by software through the
SYSCREG_ISRAMO/1_LATENCY_CFG registers in the SYSCREG block (see
Section 27-4.4).

description

The CPU can read or write data from or to the RAM via the ISRAM module. The CPU will
address the ISRAM module, which will translate the incoming AHB address in a RAM
address. Based on this address the RAM will provide the ISRAM module with data, which
is stored on that address or will store data from the ISRAM module into the RAM. Then
the ISRAM module will transport the data read from the RAM to the CPU, in case of a read
operation, or transport data from the CPU to the RAM in case of a write operation.

By changing the latency through the memaory controller less or more pipeline stages will
be added. The more pipeline stages are used, the higher the frequency is which can be
used, but the bigger the latency through the ISRAM module is.

5. Power optimization

UM10315

This section describes the power optimization possibilities that are included in the ISRAM
module.

* |nternal power consumption is minimized by extensive use of enable signals, thus
limiting the switching power dissipated. The user cannot influence this process.

* SRAM is designed to support the low power features of memory. According to the low
power use of memory specifications, the address, data, WEB and BSEL inputs to
memory remain still when no memory transfer is under progress. The user cannot
influence this process.

* When the memory is not used the addresses remain as still as much as possible.

* When memory is inactive, keep the CL input activated (CL = H) to prevent any
toggling on the address, DATA and BSEL inputs, from consuming any power within
the RAM.

* The CS input should be inactive (CS = L) to prevent the memory from being activated
and consuming any read or write power when clock is activated (CL transition L to H).

* The Write Enable (low-active) input should be placed in the read position (WEB = H)
when the RAM is not selected as this will stop any transition on the DATA and BSEL
inputs from consuming any power within the RAM.

* When the memory is not used the DATA and BSEL inputs should either remain stable
as much as is possible or the memory should be placed in the read mode (WEB = H)
or the memory should be placed in inactive mode with CL input activated (CL = H).
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6. Programming guide

In total one value can be programmed, and two values are fixed by default. The latency
through the ISRAM module can be programmed by software via register
ISRAM_LATENCY_CFG (see Table 27-552 and Table 27-553). Table 7-88 gives an
overview of possible latency settings.

Table 88. ISRAM_latency_cfg.

Value Description

00 No latency (default in the LPC315Xx)
01 Insert 1 wait state

11 Insert 2 wait states

Table 7-89 indicates which configuration settings can be done in the ISRAM module.

Table 89. ISRAM configuration settings.

Name Description Setting in this IC

bigend_a 0: set in little endianess mode  Follows AHBO big endianess setting.
1: set in big endianess mode This signal is connected internally to
CFGBIGEND signal coming out of
ARMO926 core. To change endianess user
has to set endian bit (bit7) of control
register c1 of ARM926EJ-S processor.

stall_req_a 0: normal mode fixed to O

1: stall mode, operation is
halted.
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Universal Serial Bus (USB) is a standard protocol developed to connect several types of
devices to each other in order to exchange data or for other purposes. Many portable
devices can benefit from the ability to communicate to each other over the USB interface
without intervention of a host PC. The addition of the On-The-Go functionality to USB
makes this possible without losing the benefits of the standard USB protocol. Examples of
USB devices are: PC, mouse, keyboard, MP3 player, digital camera, USB storage device

(USB stick).

1.1 Features

¢ Complies with Universal Serial Bus specification 2.0.

* Complies with USB On-The-Go supplement.

* Complies with Enhanced Host Controller Interface Specification.

* Complies with AMBA specification.

¢ Supports auto USB 2.0 mode discovery.

¢ Supports all high-speed USB-compliant peripherals.

* Supports all full-speed USB-compliant peripherals.

* Supports all low-speed USB-compliant peripherals.

¢ Supports software HNP and SRP for OTG peripherals.

* Contains UTMI+ compliant transceiver (PHY).

* Supports power management.

* Supports four endpoints, control endpoint included.

1.2 About USB On-The-Go

The USB On-The-Go block enables usage in both device mode and in host mode. This
means that you can connect to a PC to exchange data, but also to another USB device

such as a digital camera or MP3 player.

The LPC315x boot ROM implements the Device Firmware Upgrade (DFU) class
specification to download new applications into internal SRAM.

1.3

Table 90. USB related acronyms

USB acronyms and abbreviations

Acronym
ATX

DCD
dQH

dTD

UM10315

Description

Analog Transceiver

Device Controller Driver
device Endpoint Queue Head
device Transfer Descriptor
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Table 90. USB related acronyms

Acronym Description

EOP End Of Packet

EP End Point

FS Full Speed

HCD Host Controller Driver

HS High Speed

LS Low Speed

MPS Maximum Packet Size
NAK Negative Acknowledge
OTG On-The-Go

PID Packet Identifier

QH Queue Head

SEO Single Ended 0

SOF Start Of Frame

TT Transaction Translator
uUsB Universal Serial Bus

1.4 Transmit and receive buffers

The USB OTG controller contains a Tx buffer to store data to be transmitted on the USB
and an Rx buffer to store data received from the USB. The Rx buffer contains 256 words,
and the Tx buffer contains 128 words for each endpoint in device mode and 512 words in
host mode.

1.5 Fixed endpoint configuration

Table 8-91 shows the supported endpoint configurations. The Maximum Packet Size
(MPS) (see Table 8-92) is dependent on the type of endpoint and the device configuration
(low-speed, full-speed, or high-speed).

Table 91. Fixed endpoint configuration

Logical Physical Endpoint type Direction
endpoint endpoint
0 0 Control Out
0 1 Control In
1 2 Interrupt/Bulk/Isochronous Out
1 3 Interrupt/Bulk/Isochronous In
2 4 Interrupt/Bulk/Isochronous Out
2 5 Interrupt/Bulk/Isochronous In
3 6 Interrupt/Bulk/Isochronous Out
3 7 Interrupt/Bulk/Isochronous In
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Table 92. USB Packet size
Endpoint type Speed Packet size (byte)
Control Low-speed 8
Full-speed 8, 16, 32, or 64
High-speed 64
Isochronous Low-speed n/a
Full-speed up to 1023
High-speed up to 1024
Interrupt Low-speed upto8
Full-speed up to 64
High-speed up to 1024
Bulk Low-speed n/a
Full-speed 8, 16, 32, or 64
High-speed 8,16, 32,64 or 512
2. General description
2.1 Block diagram
ARMO26EJ-S YT,
AHB ARBITER
( . \| AHB DECODER
AHB MASTER MUX
master slave AHB SLAVE MUX
TX-BUFER

UM10315

(DUAL-PORT RAM)

RX-BUFER
(DUAL-PORT RAM)

USB 2.0 HIGH-SPEED
oTG

Vbus_pwr_en

CHARGE

Fig 21.

USB bus

A

High-speed USB OTG block diagram

PUMP
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Interface description

Clock signals

Table 93. Clock signals of the USB-OTG

Clock name I/O Source/ Description
destination
USB_OTG_AHB_CLK I CGU AHB bus clock. Minimum frequency is 53 MHz in
order to meet the turn-around times.
USB_OTG_CLK I USB PLL 480 MHz main USB clock. This clock is generated

by dedicated USB PLL present on chip. This PLL
can be programmed through the SYSCREG block,

see Section 27—4.3.1.

Pin connections

Table 94. USB-OTG pin configuration

Name Type Description

USB_DP 10 Positive USB line

USB_DM 10 Negative USB line

USB_ID | Indicates to the USB transceiver whether in device (USB_ID
HIGH) or host (USB_ID LOW) mode

USB_VBUS I USB power

USB_RREF 10 Connected to external resistor for reference current

Power and ground pins

USB_VDDA33_DRV Analog power supply for driver
USB_VDDA33 Analog power supply (3.3 V) for PHY
USB_VSSA_TERM Analog termination ground
USB_GNDA Analog ground

USB_VSSA_REF Analog reference ground

Interrupt requests

The USB controller has one configurable USB interrupt request line.

Pins USB_VBUS and USB_ID are external pins connected to the event router. In addition
the following USB signals are connected to the event router: usb_otg_vbus_pwr_en,

usb_atx_pll_lock, usb_otg_ahb_needclk (see Table 17-353).

Reset sighals

The CGU provides one AHB domain reset signal to the USB register block.

3. Register overview

UM10315

Table 95. Register access abbreviations

Abbreviation Description
R/W Read/Write
R/WC Read/Write one to Clear
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Table 95. Register access abbreviations

Abbreviation
R/WO

RO

WO

Description
Read/Write Once
Read Only

Write Only

Table 96. Register overview: USB OTG controller (register base address 0x1900 0000)

Name

Device/host capability registers

CAPLENGTH RO
HCIVERSION RO
HCSPARAMS RO
HCCPARAMS RO
DCIVERSION RO
DCCPARAMS RO
Device/host operational registers
USBCMD R/W
USBSTS R/W
USBINTR R/W
FRINDEX R/W
PERIODICLISTBASE_ R/W
DEVICEADDR
ASYNCLISTADDR_ R/W
ENDPOINTLISTADDR

TTCTRL R/W
BURSTSIZE R/W
TXFILLTUNING R/W
BINTERVAL R/W
ENDPTNAK R/W
ENDPTNAKEN R/W
CONFIGFLAG RO
PORTSC1 R/W
OTGSC R/W
USBMODE R/W
Device endpoint registers
ENDPTSETUPSTAT R/W
ENDPTPRIME R/W
ENDPTFLUSH R/W
ENDPTSTATUS RO
ENDPTCOMPLETE R/W
ENDPTCTRLO R/W

Access Address offset Description
0x000 - OXOFF Reserved

0x100
0x102
0x104
0x108
0x120
0x124

0x140
0x144
0x148
0x14C
0x154

0x158

0x15C

0x160
0x164
0x174
0x178
0x17C
0x180
0x184
O0x1A4
O0x1A8

Ox1AC
0x1BO
0x1B4
0x1B8
0x1BC
0x1C0

Capability register length

Host interface version number

Host controller structural parameters
Host controller capability parameters
Device interface version number

Device controller capability parameters

USB command

USB status

USB interrupt enable
USB frame index

Frame list base address/
USB device address

Next asynchronous list address/
Address of endpoint list in memory

Asynchronous buffer status for
embedded TT

Programmable burst size

Host transmit pre-buffer packet tuning
Length of virtual frame

Endpoint NAK

Endpoint NAK Enable

Configured flag register

Port status/control 1

OTG status and control

USB device mode

Endpoint setup status
Endpoint initialization
Endpoint de-initialization
Endpoint status
Endpoint complete
Endpoint control O
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Table 96. Register overview: USB OTG controller (register base address 0x1900 0000)

Name Access Address offset Description

ENDPTCTRL1 R/W 0x1C4 Endpoint control 1
ENDPTCTRL2 R/W 0x1C8 Endpoint control 2
ENDPTCTRL3 R/W 0x1CC Endpoint control 3

Use of registers

The register interface has bit functions described for device mode and bit functions
described for host mode. However, during OTG operations it is necessary to perform
tasks independent of the controller mode.

The only way to transition the controller mode out of host or device mode is by setting the
controller reset bit. Therefore, it is also necessary for the OTG tasks to be performed
independently of a controller reset as well as independently of the controller mode.

Hardware reset or
USBCMD RST bit=1

write 10 to USBMODE

DEVICE
MODE =10

Fig 22. USB controller modes

write 11 to USBMODE

The following registers and register bits are used for OTG operations. The values of these
register bits are independent of the controller mode and are not affected by a write to the
RESET bit in the USBCMD register.

¢ All identification registers

¢ All device/host capabilities registers

¢ All bits of the OTGSC register (Section 8—4.2.15)

* The following bits of the PORTSC register (Section 8—4.2.14):
— PTS (parallel interface select)

— STS (serial transceiver select)

— PTW (parallel transceiver width)

— PHCD (PHY low power suspend)

— WKOC, WKDC, WKCN (wake signals)
— PICJ[1:0] (port indicators)

— PP (port power)
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4. Register description

4.1 Device/host capability registers

Table 97. CAPLENGTH (address 0x1900 0100)

Bit Symbol R/W Reset value Description

7.0 CAPLENGTH RO 0x40 Indicates offset to add to the register base
address at the beginning of the Operational
Register

Table 98. HCIVERSION (address 0x1900 0102)
Bit Symbol R/W Reset value Description

15:0 HCIVERSION RO 0x100 BCD encoding of the EHCI revision number
supported by this host controller.

Table 99. HCSPARAMS (address 0x1900 0104)

Bit Symbol R/W Reset value Description

31:28 - - - These bits are reserved and should be set to
zero.

27:24  N_TT RO 0x0 Number of Transaction Translators. This field

indicates the number of embedded
transaction translators associated with the
USB2.0 host controller.

23:20 N_PTT RO 0x0 Number of Ports per Transaction Translator.
This field indicates the number of ports
assigned to each transaction translator within
the USB2.0 host controller.

19:17 - - - These bits are reserved and should be set to
zero.

16 PI RO 0x1 Port indicators. This bit indicates whether the
ports support port indicator control.

15:12 N_CC RO 0x0 Number of Companion Controller. This field

indicates the number of companion
controllers associated with this USB2.0 host
controller.

11:8 N_PCC RO 0x0 Number of Ports per Companion Controller.
This field indicates the number of ports
supported per internal Companion Controller.

75 - - - These bits are reserved and should be set to
zero.
4 PPC RO Ox1 Port Power Control. This field indicates

whether the host controller implementation
includes port power control.

3:0 N_PORTS RO 0x1 Number of downstream ports. This field
specifies the number of physical downstream
ports implemented on this host controller.
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Table 100. HCCPARAMS (address 0x1900 0108)

Bit Symbol R/W
31:9 - -
15:8 EECP RO
74 IST RO
2 ASP RO
1 PFL RO
0 ADC RO

Reset value Description

These bits are reserved and should be set to
Zero.

EHCI Extended Capabilities Pointer. This
optional field indicates the existence of a
capabilities list.

Isochronous Scheduling Threshold. This field
indicates, relative to the current position of
the executing host controller, where software
can reliably update the isochronous
schedule.

Asynchronous Schedule Park Capability. If
this bit is set to a one, then the host controller
supports the park feature for high-speed
gueue heads in the Asynchronous
Schedule.The feature can be disabled or
enabled and set to a specific level by using
the Asynchronous Schedule Park Mode
Enable and Asynchronous Schedule Park
Mode Count fields in the USBCMD register.

Programmable Frame List Flag. If set to one,
then the system software can specify and use
a smaller frame list and configure the host
controller via the USBCMD register Frame
List Size field. The frame list must always be
aligned on a 4K-boundary. This requirement
ensures that the frame list is always
physically contiguous.

64-bit Addressing Capability. If zero, no 64-bit
addressing capability is supported.

Table 101. DCIVERSION (address 0x1900 0120)

Bit Symbol R/W
15:0 DCIVERSION RO

Reset value

Ox1

Description

The device controller interface conforms to
the two-byte BCD encoding of the interface
version number contained in this register.

Table 102. DCCPARAMS (address 0x1900 0124)

Bit Symbol R/W
31:9 - -
HC RO
DC RO
6:5 - -
4:0 DEN RO

UM10315

Reset value

0x1
0ox1

0x4

Description

These bits are reserved and should be set to
zero.

Host Capable.
Device Capable.

These bits are reserved and should be set to
Zero.

Device Endpoint Number.
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4.2 Devicel/host operational registers

USB Command register (USBCMD)

The host/device controller executes the command indicated in this register.

Device mode

Table 103. USB Command register (USBCMD - address 0x1900 0140) bit description - device mode

Bit Symbol

0 RS

1 RST

3:2 FS[1:0]
PSE
ASE
IAA

7 -

9:8  ASP[1:0]
10 -

11 ASPE
12 -
13 SUTW

UM10315

Value

Description Access

Run/Stop R/W

Writing a one to this bit will cause the device controller to enable a pull-up
on USB_DP and initiate an attach event. This control bit is not directly
connected to the pull-up enable, as the pull-up will become disabled upon
transitioning into high-speed mode. Software should use this bit to prevent
an attach event before the device controller has been properly initialized.

Writing a 0 to this bit will cause a detach event.
Controller reset. R/W

Software uses this bit to reset the controller. This bit is set to zero by the
Host/Device Controller when the reset process is complete. Software
cannot terminate the reset process early by writing a zero to this register.

When software writes a one to this bit, the Device Controller resets its
internal pipelines, timers, counters, state machines etc. to their initial
values. Writing a one to this bit when the device is in the attached state is
not recommended, since the effect on an attached host is undefined. In
order to ensure that the device is not in an attached state before initiating a
device controller reset, all primed endpoints should be flushed and the
USBCMD Run/Stop bit should be set to 0.

Set to 0 by hardware when the reset process is complete.

Not used in device mode. -
Not used in device mode. -
Not used in device mode. -

Not used in device mode. Writing a one to this bit when the device mode is -
selected, will have undefined results.

Reserved. These bits should be set to 0. -
Not used in Device mode. -
Reserved.These bits should be set to 0. -
Not used in Device mode. -
Reserved.These bits should be set to 0. -
Setup trip wire R/W

During handling a setup packet, this bit is used as a semaphore to ensure
that the setup data payload of 8 bytes is extracted from a QH by the DCD
without being corrupted. If the setup lockout mode is off (see USBMODE
register) then there exists a hazard when new setup data arrives while the
DCD is copying the setup data payload from the QH for a previous setup
packet. This bit is set and cleared by software and will be cleared by
hardware when a hazard exists. (See Section 8-8).

Reset
value

o O o
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Table 103. USB Command register (USBCMD - address 0x1900 0140) bit description - device mode ...continued

Bit Symbol

14 ATDTW

15 FS2
23:16 ITC
31:24 -

Value

0x0
Ox1
0x2
Ox4
0x8
0x10
0x20
0x40

Description Access Reset
value
Add dTD trip wire R/W 0

This bit is used as a semaphore to ensure the proper addition of a new
dTD to an active (primed) endpoint’s linked list. This bit is set and cleared
by software during the process of adding a new dTD. See also

Section 8-8.

This bit shall also be cleared by hardware when its state machine is hazard
region for which adding a dTD to a primed endpoint may go unrecognized.

Not used in device mode. - -
Interrupt threshold control. R/W 0x8

The system software uses this field to set the maximum rate at which the
host/device controller will issue interrupts. ITC contains the maximum
interrupt interval measured in micro-frames. Valid values are shown below.
All other values are reserved.

Immediate (no threshold)

1 micro frame.

2 micro frames.

4 micro frames.

8 micro frames.

16 micro frames.

32 micro frames.

64 micro frames.

Reserved 0

4.2.1.2 Host mode

Table 104. USB Command register (USBCMD - address 0x1900 0140) bit description - host mode

Bit Symbol

0 RS

UM10315

Value

Description Access Reset
value
Run/Stop R/W 0

When set to a 1, the Host Controller proceeds with the execution of
the schedule. The Host Controller continues execution as long as this
bit is set to a one.

When this bit is set to 0, the Host Controller completes the current
transaction on the USB and then halts. The HC Halted bit in the
status register indicates when the Host Controller has finished the
transaction and has entered the stopped state. Software should not
write a one to this field unless the host controller is in the Halted state
(i.e. HCHalted in the USBSTS register is a one).
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Bit Symbol
1 RST

2 FSO

3 FS1

4 PSE

5 ASE

6 I1AA

8:9  ASP[L.0]

UM10315

Value

see

Table 8-105

see

Table 8-105

Description Access Reset
value
Controller reset. R/W 0

Software uses this bit to reset the controller. This bit is set to zero by
the Host/Device Controller when the reset process is complete.
Software cannot terminate the reset process early by writing a zero to
this register.

When software writes a one to this bit, the Host Controller resets its
internal pipelines, timers, counters, state machines etc. to their initial
value. Any transaction currently in progress on USB is immediately
terminated. A USB reset is not driven on downstream ports. Software
should not set this bit to a one when the HCHalted bit in the USBSTS
register is a zero. Attempting to reset an actively running host
controller will result in undefined behavior.

This bit is set to zero by hardware when the reset process is
complete.

Bit O of the Frame List Size bits.

This field specifies the size of the frame list that controls which bits in
the Frame Index Register should be used for the Frame List Current
index. Note that this field is made up from USBCMD bits 15, 3, and 2.

Bit 1 of the Frame List Size bits.

This bit controls whether the host controller skips processing the R/W
periodic schedule.

Use the PERIODICLISTBASE register to access the periodic
schedule.

Do not process the periodic schedule.

This bit controls whether the host controller skips processing the R/W
asynchronous schedule.

Use the ASYNCLISTADDR to access the asynchronous schedule.
Do not process the asynchronous schedule.

This bit is used as a doorbell by software to tell the host controllerto R/W
issue an interrupt the next time it advances asynchronous schedule.

Software must write a 1 to this bit to ring the doorbell.

When the host controller has evicted all appropriate cached schedule
states, it sets the Interrupt on Async Advance status bit in the
USBSTS register. If the Interrupt on Sync Advance Enable bit in the
USBINTR register is one, then the host controller will assert an
interrupt at the next interrupt threshold.

Software should not write a one to this bit when the asynchronous
schedule is inactive. Doing so will yield undefined results.

The host controller sets this bit to zero after it has set the Interrupt on
Sync Advance status bit in the USBSTS register to one.

Reserved
Asynchronous schedule park mode R/W

11
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Bit Symbol Value Description Access Reset
value
00, 01, 10,11 Contains a count of the number of successive transactions the host
controller is allowed to execute from a high-speed queue head on the
Asynchronous schedule before continuing traversal of the
Asynchronous schedule. Valid values are 0x1 to Ox3.
Remark: Software must not write 00 to this bit when Park Mode
Enable is one as this will result in undefined behavior.
10 - - Reserved. - 0
11 ASPE Asynchronous Schedule Park Mode Enable R/W
Park mode is enabled.
Park mode is disabled.
12 - - Not used in Host mode. - 0
13 - - Not used in Host mode. -
14 - - Reserved. - 0
15 FS2 see Bit 2 of the Frame List Size bits. -
Table 8-105
23:16 ITC Interrupt threshold control. R/W 0x8
The system software uses this field to set the maximum rate at which
the host/device controller will issue interrupts. ITC contains the
maximum interrupt interval measured in micro-frames. Valid values
are shown below. All other values are reserved.
0x0 Immediate (no threshold)
0x1 1 micro frame.
0x2 2 micro frames.
0x4 4 micro frames.
0x8 8 micro frames.
0x10 16 micro frames.
0x20 32 micro frames.
0x40 64 micro frames.
31:24 - Reserved 0
Table 105. Frame list size values
USBCMD bit 15 USBCMD bit 3 USBCMD bit 2 Frame list size
0 0 0 1024 elements (4096 bytes) - default
value
0 0 1 512 elements (2048 bytes)
0 1 0 256 elements (1024 bytes)
0 1 1 128 elements (512 bytes)
1 0 0 64 elements (256 bytes)
1 0 1 32 elements (128 bytes)
1 1 0 16 elements (64 bytes)
1 1 1 8 elements (32 bytes)

UM10315
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USB Status register (USBSTS)

This register indicates various states of the Host/Device controller and any pending
interrupts. Software sets a bit to zero in this register by writing a one to it.

Remark: This register does not indicate status resulting from a transaction on the serial
bus.

Device mode

Table 106. USB Status register (USBSTS - address 0x1900 0144) register bit description - device mode

Bit Symbol Value Description Access Reset
value
0 ul USB interrupt R/WC 0
1 This bit is set by the Host/Device Controller when

1 UEI
2 PCI
3 FRI
4 -

5 AAl
6 URI

UM10315

the cause of an interrupt is a completion of a USB
transaction where the Transfer Descriptor (TD)
has an interrupt on complete (I0C) bit set.

This bit is also set by the Host/Device Controller
when a short packet is detected. A short packet is
when the actual number of bytes received was
less than the expected number of bytes.

0 This bit is cleared by software writing a one to it.
USB error interrupt R/WC 0
1 When completion of a USB transaction results in

an error condition, this bit is set by the
Host/Device Controller. This bit is set along with
the USBINT bit, if the TD on which the error
interrupt occurred also had its interrupt on
complete (IOC) bit set. The device controller
detects resume signaling only (see

Section 8-8.11.6).

0 This bit is cleared by software writing a one to it.
Port change detect. R/WC 0
1 The Device Controller sets this bit to a one when

the port controller enters the full or high-speed
operational state. When the port controller exits
the full or high-speed operation states due to
Reset or Suspend events, the notification
mechanisms are the USB Reset Received bit
(URI) and the DCSuspend bits (SLI) respectively.

0 This bit is cleared by software writing a one to it.
Not used in Device mode.

0 Reserved.
Not used in Device mode. -

USB reset received R/WC
1 When the device controller detects a USB Reset

and enters the default state, this bit will be setto a

one.
0 This bit is cleared by software writing a one to it.
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Table 106. USB Status register (USBSTS - address 0x1900 0144) register bit description - device mode ...continued

Bit Symbol Value Description Access Reset
value
7 SRI SOF received R/WC 0
1 When the device controller detects a Start Of

(micro) Frame, this bit will be set to a one. When
a SOF is extremely late, the device controller will
automatically set this bit to indicate that an SOF
was expected. Therefore, this bit will be set
roughly every 1 ms in device FS mode and every
125 us in HS mode and will be synchronized to
the actual SOF that is received. Since the device
controller is initialized to FS before connect, this
bit will be set at an interval of 1ms during the
prelude to connect and chirp.

0 This bit is cleared by software writing a one to it.
8 SLI DCSuspend R/WC 0
1 When a device controller enters a suspend state

from an active state, this bit will be set to a one.

0 The device controller clears the bit upon exiting
from a suspend state. This bit is cleared by
software writing a one to it.

11:9 - - Reserved. Software should only write 0 to

reserved bits.
12 HCH - Not used in Device mode. 0
13 RCL - Not used in Device mode. 0
14 PS - Not used in Device mode. 0
15 AS - Not used in Device mode. 0
16 NAKI NAK interrupt bit RO 0

1 It is set by hardware when for a particular

endpoint both the TX/RX Endpoint NAK bit and

the corresponding TX/RX Endpoint NAK Enable

bit are set.

0 This bit is automatically cleared by hardware

when the all the enabled TX/RX Endpoint NAK

bits are cleared.
17 - - Reserved. Software should only write O to - 0

reserved bits.
18 UAI Not used in Device mode. -
19 UPI Not used in Device mode. - 0
31:20 - - Reserved. Software should only write 0 to -

reserved bits.
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4.2.2.2 Host mode

Table 107. USB Status register (USBSTS - address 0x1900 0144) register bit description - host mode

Bit Symbol

0 ul
1 UEI
2 PCI
3 FRI
5 AAl
URI
SRI
8 SLI
11:9 -

UM10315

Value

Description Access

USB interrupt (USBINT) R/WC

This bit is set by the Host/Device Controller when the cause of an interrupt
is a completion of a USB transaction where the Transfer Descriptor (TD)
has an interrupt on complete (I0C) bit set.

This bit is also set by the Host/Device Controller when a short packet is
detected. A short packet is when the actual number of bytes received was
less than the expected number of bytes.

This bit is cleared by software writing a one to it.
USB error interrupt (USBERRINT) R/WC

When completion of a USB transaction results in an error condition, this bit
is set by the Host/Device Controller. This bit is set along with the USBINT
bit, if the TD on which the error interrupt occurred also had its interrupt on
complete (I0C) bit set.

This bit is cleared by software writing a one to it.
Port change detect. R/WC

The Host Controller sets this bit to a one when on any port a Connect
Status occurs, a Port Enable/Disable Change occurs, or the Force Port
Resume bit is set as the result of a J-K transition on the suspended port.

This bit is cleared by software writing a one to it.
Frame list roll-over R/WC

The Host Controller sets this bit to a one when the Frame List Index rolls
over from its maximum value to zero. The exact value at which the rollover
occurs depends on the frame list size. For example, if the frame list size (as
programmed in the Frame List Size field of the USBCMD register) is 1024,
the Frame Index Register rolls over every time FRINDEX [13] toggles.
Similarly, if the size is 512, the Host Controller sets this bit to a one every
time FRINDEX [12] toggles (see Section 8—4.2.4).

This bit is cleared by software writing a one to it.
Reserved.
Interrupt on async advance R/WC

System software can force the host controller to issue an interrupt the next
time the host controller advances the asynchronous schedule by writing a
one to the Interrupt on Async Advance Doorbell bit in the USBCMD
register. This status bit indicates the assertion of that interrupt source.

This bit is cleared by software writing a one to it.
Not used by the Host controller. R/WC
SOF received R/WC

In host mode, this bit will be set every 125 us and can be used by host
controller driver as a time base.

This bit is cleared by software writing a one to it.
Not used by the Host controller. -
Reserved.

Reset
value

0
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Table 107. USB Status register (USBSTS - address 0x1900 0144) register bit description - host mode

Chapter 8: LPC315x High-speed USB On-The-Go (OTG) controller

...continued

Bit Symbol

12 HCH

13 RCL

14 PS

15 AS

16 NAKI
17 -
18 UAI

19 UPI

31:20 -

Value

Description

HCHalted

The Host Controller sets this bit to one after it has stopped executing
because of the Run/Stop bit being set to 0, either by software or by the
Host Controller hardware (e.g. because of an internal error).

The RS bitin USBCMD is set to zero. Set by the host controller.
Reclamation

An empty asynchronous schedule is detected. Set by the host controller.
No empty asynchronous schedule detected.

Periodic schedule status

This bit reports the current real status of the Periodic Schedule. The Host
Controller is not required to immediately disable or enable the Periodic
Schedule when software transitions the Periodic Schedule Enable bit in the
USBCMD register. When this bit and the Periodic Schedule Enable bit are
the same value, the Periodic Schedule is either enabled (if both are 1) or
disabled (if both are 0).

The periodic schedule status is enabled.
The periodic schedule status is disabled.
Asynchronous schedule status

This bit reports the current real status of the Asynchronous Schedule. The
Host Controller is not required to immediately disable or enable the
Asynchronous Schedule when software transitions the Asynchronous
Schedule Enable bit in the USBCMD register. When this bit and the
Asynchronous Schedule Enable bit are the same value, the Asynchronous
Schedule is either enabled (if both are 1) or disabled (if both are 0).

Asynchronous schedule status is enabled.
Asynchronous schedule status is disabled.

Not used on Host mode.

Reserved.

USB host asynchronous interrupt (USBHSTASYNCINT)

This bit is set by the Host Controller when the cause of an interrupt is a
completion of a USB transaction where the Transfer Descriptor (TD) has an
interrupt on complete (IOC) bit set and the TD was from the asynchronous
schedule. This bit is also set by the Host when a short packet is detected
and the packet is on the asynchronous schedule. A short packet is when
the actual number of bytes received was less than the expected number of
bytes.

This bit is cleared by software writing a one to it.
USB host periodic interrupt (USBHSTPERINT)

This bit is set by the Host Controller when the cause of an interrupt is a
completion of a USB transaction where the Transfer Descriptor (TD) has an
interrupt on complete (IOC) bit set and the TD was from the periodic
schedule. This bit is also set by the Host Controller when a short packet is
detected and the packet is on the periodic schedule. A short packet is
when the actual number of bytes received was less than the expected
number of bytes.

This bit is cleared by software writing a one to it.

Access

RO

RO

RO

R/WC

R/WC

Reset
value

1
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4.2.3 USB Interrupt register (USBINTR)

The software interrupts are enabled with this register. An interrupt is generated when a bit
is set and the corresponding interrupt is active. The USB Status register (USBSTS) still
shows interrupt sources even if they are disabled by the USBINTR register, allowing
polling of interrupt events by the software. All interrupts must be acknowledged by
software by clearing (that is writing a 1 to) the corresponding bit in the USBSTS register.

4.2.3.1 Device mode

Table 108. USB Interrupt register (USBINTR - address 0x1900 0148) bit description - device mode

Bit Symbol Description Access Reset
value
0 UE USB interrupt enable R/W 0

When this bit is one, and the USBINT bit in the USBSTS register is one, the
host/device controller will issue an interrupt at the next interrupt threshold. The
interrupt is acknowledged by software clearing the USBINT bit in USBSTS.

1 UEE USB error interrupt enable R/W 0

When this bit is a one, and the USBERRINT bit in the USBSTS register is a one, the
host/device controller will issue an interrupt at the next interrupt threshold. The
interrupt is acknowledged by software clearing the USBERRINT bit in the USBSTS
register.

2 PCE Port change detect enable R/W 0

When this bit is a one, and the Port Change Detect bit in the USBSTS register is a
one, the host/device controller will issue an interrupt. The interrupt is acknowledged by
software clearing the Port Change Detect bit in USBSTS.

FRE Not used by the Device controller.
Reserved - 0
AAE Not used by the Device controller.
URE USB reset enable R/W 0

When this bit is a one, and the USB Reset Received bit in the USBSTS register is a
one, the device controller will issue an interrupt. The interrupt is acknowledged by
software clearing the USB Reset Received bit.

7 SRE SOF received enable R/W 0

When this bit is a one, and the SOF Received bit in the USBSTS register is a one, the
device controller will issue an interrupt. The interrupt is acknowledged by software
clearing the SOF Received hit.

8 SLE Sleep enable R/W 0
When this bit is a one, and the DCSuspend bit in the USBSTS

register transitions, the device controller will issue an interrupt. The interrupt is
acknowledged by software writing a one to the DCSuspend bit.

159 - Reserved - -
16 NAKE NAK interrupt enable R/W 0

This bit is set by software if it wants to enable the hardware interrupt for the NAK
Interrupt bit. If both this bit and the corresponding NAK Interrupt bit are set, a
hardware interrupt is generated.

o O~ W
'

17 - Reserved
18 UAIE Not used by the Device controller.
19 UPIA Not used by the Device controller.
31:20 - Reserved
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Table 109. USB Interrupt register (USBINTR - address 0x1900 0148) bit description - host mode

Bit

15:9
16
17
18

19

Symbol

UE

UEE

PCE

FRE

AAE

SRE

SLE

NAKE

UAIE

UPIA

31:20 -

Chapter 8: LPC315x High-speed USB On-The-Go (OTG) controller

4.2.3.2 Host mode

Description

USB interrupt enable

When this bit is one, and the USBINT bit in the USBSTS register is one, the
host/device controller will issue an interrupt at the next interrupt threshold. The
interrupt is acknowledged by software clearing the USBINT bit in USBSTS.

USB error interrupt enable

When this bit is a one, and the USBERRINT bit in the USBSTS register is a one, the
host/device controller will issue an interrupt at the next interrupt threshold. The
interrupt is acknowledged by software clearing the USBERRINT bit in the USBSTS

register.
Port change detect enable

When this bit is a one, and the Port Change Detect bit in the USBSTS register is a
one, the host/device controller will issue an interrupt. The interrupt is acknowledged
by software clearing the Port Change Detect bit in USBSTS.

Frame list rollover enable

When this bit is a one, and the Frame List Rollover bit in the USBSTS register is a
one, the host controller will issue an interrupt. The interrupt is acknowledged by

software clearing the Frame List R
Reserved

ollover bit.

Interrupt on asynchronous advance enable

When this bit is a one, and the Interrupt on Async Advance bit in the USBSTS register
is a one, the host controller will issue an interrupt at the next interrupt threshold. The
interrupt is acknowledged by software clearing the Interrupt on Async Advance bit.

Not used by the Host controller.

If this bit is one and the SRI bit in the USBSTS register is one, the host controller will
issue an interrupt. In host mode, the SRI bit will be set every 125 us and can be used
by the host controller as a time base. The interrupt is acknowledged by software

clearing the SRI bit in the USBSTS register.

Not used by the Host controller.
Reserved
Not used by the host controller.
Reserved

USB host asynchronous interrupt enable

When this bit is a one, and the USBHSTASYNCINT bit in the USBSTS register is a
one, the host controller will issue an interrupt at the next interrupt threshold. The
interrupt is acknowledged by software clearing the USBHSTASYNCINT bit.

USB host periodic interrupt enable

When this bit is a one, and the USBHSTPERINT bit in the USBSTS register is a one,
the host controller will issue an interrupt at the next interrupt threshold. The interrupt is
acknowledged by software clearing the USBHSTPERINT bit.

Reserved

Access Reset

R/W

R/W

R/W

R/W

R/W

R/W

R/W

value
0
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Frame index register (FRINDEX)

Device mode

In Device mode this register is read only, and the device controller updates the
FRINDEX[13:3] register from the frame number indicated by the SOF marker. Whenever a
SOF is received by the USB bus, FRINDEX[13:3] will be checked against the SOF
marker. If FRINDEX[13:3] is different from the SOF marker, FRINDEX][13:3] will be set to
the SOF value and FRINDEX[2:0] will be set to zero (i.e. SOF for 1 ms frame). If
FRINDEX [13:3] is equal to the SOF value, FRINDEX[2:0] will be incremented (i.e. SOF
for 125 ps micro-frame) by hardware.

Table 110. USB frame index register (FRINDEX - address 0x1900 014C) bit description -
device mode

Bit Symbol Description Access  Reset value

2.0 FRINDEX[2:0]  Current micro frame number RO N/A

13:3 FRINDEX[13:3] Current frame number of the last frame RO N/A
transmitted

31:14 - Reserved N/A

Host mode

This register is used by the host controller to index the periodic frame list. The register
updates every 125 us (once each micro-frame). Bits[N: 3] are used to select a particular
entry in the Periodic Frame List during periodic schedule execution. The number of bits
used for the index depends on the size of the frame list as set by system software in the
Frame List Size field in the USBCMD register.

This register must be written as a DWord. Byte writes produce undefined results. This
register cannot be written unless the Host Controller is in the 'Halted' state as indicated by
the HCHalted bit in the USBSTS register (host mode). A write to this register while the
Run/Stop bit is set to a one produces undefined results. Writes to this register also affect
the SOF value.

Table 111. USB frame index register (FRINDEX - address 0x1900 014C) bit description - host

mode
Bit Symbol Description Access Reset value
2.0 FRINDEX[2:0] Current micro frame number  R/W N/A
N:3 FRINDEX|[N:3] Frame list current index R/W N/A

Reserved N/A

31:(N+1)

Table 112. Number of bits used for the frame list index

USBCMD USBCMD USBCMD Frame list size N
bit 15 bit 3 bit 2

0 0 0 1024 elements (4096 bytes). Default value. 12
0 0 1 512 elements (2048 bytes) 11
0 1 0 256 elements (1024 bytes) 10
0 1 1 128 elements (512 bytes)

1 0 0 64 elements (256 bytes) 8
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Table 112. Number of bits used for the frame list index

USBCMD USBCMD USBCMD Frame list size N
bit 15 bit 3 bit 2

1 0 1 32 elements (128 bytes)

1 1 0 16 elements (64 bytes)

1 1 1 8 elements (32 bytes)

Device address (DEVICEADDR - device) and Periodic List Base
(PERIODICLISTBASE- host) registers

Device mode

The upper seven bits of this register represent the device address. After any controller
reset or a USB reset, the device address is set to the default address (0). The default
address will match all incoming addresses. Software shall reprogram the address after
receiving a SET_ADDRESS descriptor.

The USBADRA bit is used to accelerate the SET_ADDRESS sequence by allowing the
DCD to preset the USBADR register bits before the status phase of the SET_ADDRESS
descriptor.

Table 113. USB Device Address register (DEVICEADDR - address 0x1900 0154) bit description - device mode

Bit Symbol

230 -
24 USBADRA

31:25 USBADR

Value Description Access Reset
value
reserved - 0

Device address advance

When the user writes a one to this bit at the same time or before USBADR
is written, the write to USBADR fields is staged and held in a hidden
register. After an IN occurs on endpoint 0 and is acknowledged, USBADR
will be loaded from the holding register.
Hardware will automatically clear this bit on the following conditions:

® INis ACKed to endpoint 0. USBADR is updated from the staging

register.

® OUT/SETUP occurs on endpoint 0. USBADR is not updated.

® Device reset occurs. USBADR is set to 0.
Remark: After the status phase of the SET_ADDRESS descriptor, the
DCD has 2 ms to program the USBADR field. This mechanism will ensure
this specification is met when the DCD can not write the device address
within 2 ms from the SET_ADDRESS status phase. If the DCD writes the
USBADR with USBADRA=1 after the SET_ADDRESS data phase (before
the prime of the status phase), the USBADR will be programmed instantly
at the correct time and meet the 2 ms USB requirement.

Any write to USBADR are instantaneous.
USB device address R/W 0

4.2.5.2 Host mode

UM10315

This 32-bit register contains the beginning address of the Periodic Frame List in the
system memory. The host controller driver (HCD) loads this register prior to starting the
schedule execution by the Host Controller. The memory structure referenced by this
physical memory pointer is assumed to be 4 kb aligned. The contents of this register are
combined with the Frame Index Register (FRINDEX) to enable the Host Controller to step
through the Periodic Frame List in sequence.
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Table 114. USB Periodic List Base register (PERIODICLISTBASE - address 0x1900 0154) bit description - host mode

Bit Symbol Description Access Reset
value

11:.0 - reserved - N/A

31:12 PERBASEJ[31:12] Base Address (Low) R/W N/A

These bits correspond to the memory address signals[31:12].

4.2.6 Endpoint List Address register (ENDPOINTLISTADDR - device) and
Asynchronous List Address (ASYNCLISTADDR - host) registers

4.2.6.1 Device mode

In device mode, this register contains the address of the top of the endpoint list in system
memory. Bits[10:0] of this register cannot be modified by the system software and will
always return a zero when read.The memory structure referenced by this physical
memory pointer is assumed 64 byte aligned.

Table 115. USB Endpoint List Address register (ENDPOINTLISTADDR - address 0x1900 0158) bit description - device

mode
Bit Symbol Description Access Reset
value
10:0 - reserved - 0
31:11 EPBASE[31:11] Endpoint list pointer (low) R/W N/A

These bits correspond to memory address signals [31:11], respectively. This
field will reference a list of up to 4 Queue Heads (QH). (i.e. one queue head
per endpoint and direction.)

4.2.6.2 Host mode

This 32-bit register contains the address of the next asynchronous queue head to be
executed by the host. Bits [4:0] of this register cannot be modified by the system software
and will always return a zero when read.

Table 116. USB Asynchronous List Address register (ASYNCLISTADDR- address 0x1900 0158) bit description - host

mode
Bit Symbol Description Access Reset
value
4:0 - Reserved - 0
31:5 ASYBASE[31:5] Link pointer (Low) LPL R/W N/A

These bits correspond to memory address signals [31:5], respectively. This
field may only reference a Queue Head (OH).

4.2.7 TT Control register (TTCTRL)

4.2.7.1 Device mode
This register is not used in device mode.

4.2.7.2 Host mode

This register contains parameters needed for internal TT operations. This register is used
by the host controller only. Writes must be in Dwords.
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Table 117. USB TT Control register (TTCTRL - address 0x1900 015C) bit description - host mode

Bit Symbol Description Access Reset

value
23:0 - Reserved. - 0
30:24 TTHA Hub address when FS or LS device are connected directly. R/W N/A
31 - Reserved. 0

4.2.8 Burst Size register (BURSTSIZE)

This register is used to control and dynamically change the burst size used during data
movement on the master interface of the USB DMA controller. Writes must be in Dwords.

The default for the length of a burst of 32-bit words for RX and TX DMA data transfers is
16 words each.

Table 118. USB burst size register (BURSTSIZE - address 0x1900 0160) bit description - device/host mode

Bit Symbol Description Access Reset
value
7:0 RXPBURST Programmable RX burst length R/W 0x10

This register represents the maximum length of a burst in 32-bit words while
moving data from the USB bus to system memory.

15:8 TXPBURST Programmable TX burst length R/W 0x10

This register represents the maximum length of a burst in 32-bit words while
moving data from system memory to the USB bus.

31:16 - reserved - -

4.2.9 Transfer buffer Fill Tuning register (TXFILLTUNING)

4.2.9.1 Device controller

This register is not used in device mode.

4.2.9.2 Host controller

The fields in this register control performance tuning associated with how the host
controller posts data to the TX latency FIFO before moving the data onto the USB bus.
The specific areas of performance include the how much data to post into the FIFO and
an estimate for how long that operation should take in the target system.

Definitions:

To = Standard packet overhead

T, = Time to send data payload

Tx = Time to fetch packet into TX FIFO up to specified level

T = Total packet flight time (send-only) packet; Ts=Tg + Ty

Ty = Total packet time (fetch and send) packet; T, =Ty + To + Ty

Upon discovery of a transmit (OUT/SETUP) packet in the data structures, host controller
checks to ensure T, remains before the end of the (micro) frame. If so it proceeds to
pre-fill the TX FIFO. If at anytime during the pre-fill operation the time remaining the
[micro]frame is < Tg then the packet attempt ceases and the packet is tried at a later time.
Although this is not an error condition and the host controller will eventually recover, a
mark will be made the scheduler health counter to note the occurrence of a “backoff”
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event. When a back-off event is detected, the partial packet fetched may need to be
discarded from the latency buffer to make room for periodic traffic that will begin after the
next SOF. Too many back-off events can waste bandwidth and power on the system bus
and thus should be minimized (not necessarily eliminated). Backoffs can be minimized

with use of the TSCHHEALTH (T¢) described below.

Table 119. USB Transfer buffer Fill Tuning register (TXFIFOFILLTUNING - address 0x1900 0164) bit description - host

mode

Bit Symbol

7:0 TXSCHOH

12:8 TXSCHEATLTH

15:13 -
21:16 TXFIFOTHRES

31:22 -

Description Access

FIFO burst threshold R/W

This register controls the number of data bursts that are posted to the TX
latency FIFO in host mode before the packet begins on to the bus. The
minimum value is 2 and this value should be a low as possible to maximize
USB performance. A higher value can be used in systems with unpredictable
latency and/or insufficient bandwidth where the FIFO may underrun because
the data transferred from the latency FIFO to USB occurs before it can be
replenished from system memory. This value is ignored if the Stream Disable
bit in USBMODE register is set.

Scheduler health counter R/W

This register increments when the host controller fails to fill the TX latency
FIFO to the level programmed by TXFIFOTHRES before running out of time
to send the packet before the next Start-Of-Frame .

This health counter measures the number of times this occurs to provide
feedback to selecting a proper TXSCHOH. Writing to this register will clear the
counter. The maximum value is 31.

reserved -
Scheduler overhead R/W

This register adds an additional fixed offset to the schedule time estimator
described above as T As an approximation, the value chosen for this register
should limit the number of back-off events captured in the TXSCHHEALTH to
less than 10 per second in a highly utilized bus. Choosing a value that is too
high for this register is not desired as it can needlessly reduce USB utilization.

The time unit represented in this register is 1.267 us when a device is
connected in High-Speed Mode for OTG and SPH.

The time unit represented in this register is 6.333 us when a device is
connected in Low/Full Speed Mode for OTG and SPH.

reserved

Reset
value

0x2

0x0

0x0

4.2.10

Table 120. USB BINTERVAL register (BINTERVAL - address 0x1900 0174) bit description - device/host mode

Bit Symbol
3:0 BINT
314 -

BINTERVAL register

This register defines the binterval value which determines the length of the virtual frame

(see Section 8-5.7).

Description Access
binterval value (see Section 8-5.7) R/W
reserved -

Reset
value

0x00

UM10315
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4.2.11 USB Endpoint NAK register (ENDPTNAK)

4.2.11.1 Device mode

This register indicates when the device sends a NAK handshake on an endpoint. Each Tx
and Rx endpoint has a bit in the EPTN and EPRN field respectively.

A bit in this register is cleared by writing a 1 to it.

Table 121. USB endpoint NAK register (ENDPTNAK - address 0x1900 0178) bit description - device mode

Bit Symbol Description Access Reset
value
3.0 EPRN[3:0] Rx endpoint NAK R/WC 0x00

Each RX endpoint has one bit in this field. The bit is set when the device
sends a NAK handshake on a received OUT or PING token for the
corresponding endpoint.

Bit 3 corresponds to endpoint 3.

Bit 1 corresponds to endpoint 1.

Bit 0 corresponds to endpoint 0.
1514 - reserved - -
19:16 EPTN[3:0] Tx endpoint NAK R/WC 0x00

Each TX endpoint has one bit in this field. The bit is set when the device
sends a NAK handshake on a received IN token for the corresponding
endpoint.

Bit 3 corresponds to endpoint 3.

Bit 1 corresponds to endpoint 1.
Bit O corresponds to endpoint O.
31:20 - reserved - -

4.2.11.2 Host mode
This register is not used in host mode.

4.2.12 USB Endpoint NAK Enable register (ENDPTNAKEN)

4.2.12.1 Device mode

Each bit in this register enables the corresponding bit in the ENDPTNAK register. Each Tx
and Rx endpoint has a bit in the EPTNE and EPRNE field respectively.
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Table 122. USB Endpoint NAK Enable register (ENDPTNAKEN - address 0x1900 017C) bit description - device mode

Bit Symbol

3:0  EPRNE[3:0]

15:4 -
19:16 EPTNE[3:0]

31:20 -

Description Access

Rx endpoint NAK enable R/W

Each bit enables the corresponding RX NAK bit. If this bit is set and the
corresponding RX endpoint NAK bit is set, the NAK interrupt bit is set.

Bit 3 corresponds to endpoint 3.

Bit 1 corresponds to endpoint 1.

Bit O corresponds to endpoint 0.

reserved -

Tx endpoint NAK R/W

Each bit enables the corresponding TX NAK bit. If this bit is set and the
corresponding TX endpoint NAK bit is set, the NAK interrupt bit is set.

Bit 3 corresponds to endpoint 3.

Bit 1 corresponds to endpoint 1.
Bit O corresponds to endpoint O.

reserved -

Reset
value

0x00

0x00

4.2.12.2

4.2.13

4.2.14

4.2.14.1

UM10315

Host mode
This register is not used in host mode.

CONFIGFLAG register
This register is not used on the LPC315x.

Table 123. CONFIGFLAG (address 0x1900 0180) bit description

Bit Symbol R/W Reset value Description
31:0 CONFIGFLAG R 0x1 Not used in this implementation

Port Status and Control register (PORTSC1)

Device mode

The device controller implements one port register, and it does not support power control.
Port control in device mode is used for status port reset, suspend, and current connect
status. It is also used to initiate test mode or force signaling. This register allows software

to put the PHY into low-power Suspend mode and disable the PHY clock.
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Table 124. Port Status and Control register (PRTSCL1 - address 0x1900 0184) bit description - device mode

Bit Symbol
0 CCs
CsC
2 PE
3 PEC
54 -
FPR
7 SUSP
8 PR
9 HSP
11:10 LS
12 PP
13 -

UM10315

Value Description

Current connect status RO
Device attached.

A one indicates that the device successfully attached and is operating in
either high-speed mode or full-speed mode as indicated by the High Speed
Port bit in this register.

Device not attached

A zero indicates that the device did not attach successfully or was forcibly
disconnected by the software writing a zero to the Run bit in the USBCMD
register. It does not state the device being disconnected or suspended.

Not used in device mode -

Port enable. RO
This bit is always 1. The device port is always enabled.

Port enable/disable change RO
This bit is always 0. The device port is always enabled.

Reserved RO
Force port resume R/W

After the device has been in Suspend State for 5 ms or more, software
must set this bit to one to drive resume signaling before clearing. The
Device Controller will set this bit to one if a J-to-K transition is detected
while the port is in the Suspend state. The bit will be cleared when the
device returns to normal operation. When this bit transitions to a one
because a J-to-K transition detected, the Port Change Detect bit in the
USBSTS register is set to one as well.

Resume detected/driven on port.
No resume (K-state) detected/driven on port.

Suspend RO
In device mode, this is a read-only status bit .

Port in suspend state
Port not in suspend state

Port reset RO
In device mode, this is a read-only status bit. A device reset from the USB
bus is also indicated in the USBSTS register.

Port is in the reset state.
Port is not in the reset state.
High-speed status RO

Remark: This bit is redundant with bits [27:26] (PSPD) in this register. It is
implemented for compatibility reasons.

Host/device connected to the port is in High-speed mode.

Host/device connected to the port is not in High-speed mode.

Not used in device mode.

Not used in device mode.

Reserved -

Access

Reset
value

0
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Table 124. Port Status and Control register (PRTSCL1 - address 0x1900 0184) bit description - device mode

Bit

15:14 PIC[1:0]

19:16 PTC[3:0]

20
21
22
23

24

UM10315

Symbol

WKCN
WKDC
WKOC
PHCD

PFSC

Value Description

00
01
10
11

0000
0001
0010
0011
0100
0101
0110
0111

1000
to
1111

Port indicator control R/W
Writing to this field effects the value of the USB_OTG_PORT_IND_CTL

register (see Table 27-545).

Port indicators are off.
amber

green

undefined

Port test control R/W
Any value other than 0000 indicates that the port is operating in test mode.

The FORCE_ENABLE_FS and FORCE ENABLE_LS are extensions to the
test mode support specified in the EHCI specification. Writing the PTC field
to any of the FORCE_ENABLE_HS/FS/LS values will force the port into
the connected and enabled state at the selected speed. Writing the PTC
field back to TEST_MODE_DISABLE will allow the port state machines to
progress normally from that point.

TEST_MODE_DISABLE
J_STATE

K_STATE

SEO (host)/NAK (device)
Packet
FORCE_ENABLE_HS
FORCE_ENABLE_FS
invalid in device mode.
Reserved

Not used in device mode. This bit is always 0 in device mode. -
Not used in device mode. This bit is always 0 in device mode. -
Not used in device mode. This bit is always 0 in device mode. -
PHY low power suspend - clock disable (PLPSCD) R/W

In device mode, The PHY can be put into Low Power Suspend — Clock
Disable when the device is not running (USBCMD Run/Stop = 0) or the
host has signaled suspend (PORTSC SUSPEND = 1). Low power suspend
will be cleared automatically when the host has signaled resume. Before
forcing a resume from the device, the device controller driver must clear
this bit.

Writing a 1 disables the PHY clock. Reading a 1 indicates the status of the
PHY clock (disabled).

Writing a 0 enables the PHY clock. Reading a O indicates the status of the
PHY clock (enabled).

Port force full speed connect R/W

Writing this bit to a 1 will force the port to only connect at full speed. It
disables the chirp sequence that allows the port to identify itself as
High-speed. This is useful for testing FS configurations with a HS host, hub
or device.

Port connects at any speed.

Access

Reset
value

00

0000

o O O o
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Table 124. Port Status and Control register (PRTSCL1 - address 0x1900 0184) bit description - device mode

Bit Symbol  Value Description Access Reset
value
25 - - reserved
27:26 PSPD Port speed RO 0
This register field indicates the speed at which the port is operating.
00 Full-speed
01 invalid in device mode
10 High-speed
31:28 - - Reserved - -

4.2.14.2 Host mode

The host controller uses one port. The register is only reset when power is initially applied
or in response to a controller reset. The initial conditions of the port are:

* No device connected
* Port disabled

If the port has power control, this state remains until software applies power to the port by
setting port power to one in the PORTSC register.

Table 125. Port Status and Control register (PRTSCL1 - address 0x1900 0184) - host mode

Bit Symbol  Value Description Access Reset
value
0 CCs Current connect status R/WC 0

1 CsC

UM10315

This value reflects the current state of the port and may not correspond
directly to the event that caused the CSC bit to be set.

This bit is 0 if PP (Port Power bit) is 0.

Software clears this bit by writing a 1 to it.

Device is present on the port.

No device is present.

Connect status change R/WC 0

Indicates a change has occurred in the port’'s Current Connect Status. The
host/device controller sets this bit for all changes to the port device connect
status, even if system software has not cleared an existing connect status
change. For example, the insertion status changes twice before system
software has cleared the changed condition, hub hardware will be ‘setting’
an already-set bit (i.e., the bit will remain set). Software clears this bit by
writing a one to it.

This bit is 0 if PP (Port Power bit) is 0
Change in current status.

No change in current status.
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Table 125. Port Status and Control register (PRTSC1 - address 0x1900 0184) - host mode ...continued

Bit Symbol
2 PE

3 PEC

4 OCA

5 occC

UM10315

Value Description Access

Port enable. R/W

Ports can only be enabled by the host controller as a part of the reset and
enable. Software cannot enable a port by writing a one to this field. Ports
can be disabled by either a fault condition (disconnect event or other fault
condition) or by the host software. Note that the bit status does not change
until the port state actually changes. There may be a delay in disabling or
enabling a port due to other host controller and bus events.

When the port is disabled. downstream propagation of data is blocked
except for reset.

This bit is 0 if PP (Port Power bit) is 0.

Port enabled.

Port disabled.

Port disable/enable change R/WC

For the root hub, this bit gets set to a one only when a port is disabled due
to disconnect on the port or due to the appropriate conditions existing at
the EOF2 point (See Chapter 11 of the USB Specification). Software clears
this by writing a one to it.

This bit is 0 if PP (Port Power bit) is 0,
Port enabled/disabled status has changed.
No change.

Over-current active RO
This bit will automatically transition from 1 to O when the over-current

condition is removed. This bit gets set when the usb_otg_vbus_pwr_fault

(bit 3) in USB_OTG_CFG is set (see Table 27-544). Software should

monitor OC condition on an unused GPIO pin and set USB_OTG_CFG
register, so that the standard EHCI driver can use this bit.

The port has currently an over-current condition.
The port does not have an over-current condition.
Over-current change R/WC

This bit gets set to one when there is a change to Over-current Active.
Software clears this bit by writing a one to this bit position.

Reset
value

0
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Table 125. Port Status and Control register (PRTSCL1 - address 0x1900 0184) - host mode ...continued

Bit Symbol
6 FPR

7 SUSP
8 PR

UM10315

Value Description

Access Reset

Force port resume R/W

Software sets this bit to one to drive resume signaling. The Host Controller
sets this bit to one if a J-to-K transition is detected while the port is in the
Suspend state. When this bit transitions to a one because a J-to-K
transition is detected, the Port Change Detect bit in the USBSTS register is
also set to one. This bit will automatically change to zero after the resume
sequence is complete. This behavior is different from EHCI where the host
controller driver is required to set this bit to a zero after the resume duration
is timed in the driver.

Note that when the Host controller owns the port, the resume sequence
follows the defined sequence documented in the USB Specification
Revision 2.0. The resume signaling (Full-speed ‘K’) is driven on the port as
long as this bit remains a one. This bit will remain a one until the port has
switched to the high-speed idle. Writing a zero has no affect because the
port controller will time the resume operation clear the bit the port control
state switches to HS or FS idle.

This bhit is 0 if PP (Port Power hit) is 0.
Resume detected/driven on port.
No resume (K-state) detected/driven on port.

Suspend R/W
Together with the PE (Port enabled bit), this bit describes the port states,

see Table 8-126 “Port states as described by the PE and SUSP bits in the
PORTSCI1 register”.

The host controller will unconditionally set this bit to zero when software

sets the Force Port Resume bit to zero. The host controller ignores a write
of zero to this bit.

If host software sets this bit to a one when the port is not enabled (i.e. Port
enabled bit is a zero) the results are undefined.

This bit is 0 if PP (Port Power bit) is 0.

Port in suspend state

When in suspend state, downstream propagation of data is blocked on this
port, except for port reset. The blocking occurs at the end of the current
transaction if a transaction was in progress when this bit was written to 1.
In the suspend state, the port is sensitive to resume detection. Note that
the bit status does not change until the port is suspended and that there
may be a delay in suspending a port if there is a transaction currently in
progress on the USB.

Port not in suspend state
Port reset R/W

When software writes a one to this bit the bus-reset sequence as defined in
the USB Specification Revision 2.0 is started. This bit will automatically
change to zero after the reset sequence is complete. This behavior is
different from EHCI where the host controller driver is required to set this
bit to a zero after the reset duration is timed in the driver.

This bit is 0 if PP (Port Power bit) is 0.

Port is in the reset state.

Port is not in the reset state.

value
0
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Table 125. Port Status and Control register (PRTSC1 - address 0x1900 0184) - host mode ...continued

Bit Symbol  Value Description

9 HSP
0
11:10 LS
00
10
01
11
12 PP -
0
13 - -
15:14 PIC[1:0]
00
01
10
11

UM10315

High-speed status RO
Host/device connected to the port is in High-speed mode.

Host/device connected to the port is not in High-speed mode.

Line status RO

These bits reflect the current logical levels of the USB_DP and USB_DM
signal lines. USB_DP corresponds to bit 11 and USB_DM to bit 10.

In host mode, the use of linestate by the host controller driver is not
necessary for this controller (unlike EHCI) because the controller hardware
manages the connection of LS and FS.

SEO (USB_DP and USB_DM LOW)

J-state (USB_DP HIGH and USB_DM LOW)

K-state (USB_DP LOW and USB_DM HIGH)

Undefined

Port power control R/W

Host/OTG controller requires port power control switches. This bit
represents the current setting of the switch (0=off, 1=on). When power is
not available on a port (i.e. PP equals a 0), the port is non-functional and
will not report attaches, detaches, etc.

When an over-current condition is detected on a powered port and PPC is
a one, the PP bit in each affected port may be transitioned by the host
controller driver from a one to a zero (removing power from the port).

Port power on.
Port power off.
Reserved -

Port indicator control R/W
Writing to this field effects the value of the USB_OTG_PORT_IND_CTL

register (see Table 27-545).

Port indicators are off.
Amber

Green

Undefined

Access

Reset
value

0

0x3

00
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Table 125. Port Status and Control register (PRTSCL1 - address 0x1900 0184) - host mode ...continued

Bit

19:16 PTCJ[3:0]

20

21

22

23

UM10315

Symbol

WKCN

WKDC

WKOC

PHCD

Value Description Access Reset
value
Port test control R/W 0000

0000
0001
0010
0011
0100
0101
0110
0111

1000
to
1111

Any value other than 0000 indicates that the port is operating in test mode.

The FORCE_ENABLE_FS and FORCE ENABLE_LS are extensions to the
test mode support specified in the EHCI specification. Writing the PTC field
to any of the FORCE_ENABLE_{HS/FS/LS} values will force the port into
the connected and enabled state at the selected speed. Writing the PTC
field back to TEST_MODE_DISABLE will allow the port state machines to
progress normally from that point.

TEST_MODE_DISABLE
J_STATE

K_STATE

SEO (host)/NAK (device)
Packet
FORCE_ENABLE_HS
FORCE_ENABLE_FS
FORCE_ENABLE_LS
reserved

Wake on connect enable (WKCNNT_E) R/W 0
This bit is 0 if PP (Port Power bit) is O

Writing this bit to a one enables the port to be sensitive to device connects
as wake-up events.

Disables the port to wake up on device connects.
Wake on disconnect enable (WKDSCNNT_E) R/W 0
This bit is 0 if PP (Port Power bit) is 0.

Writing this bit to a one enables the port to be sensitive to device
disconnects as wake-up events.

Disables the port to wake up on device disconnects.
Wake on over-current enable (WKOC_E) R/W 0

Writing a one to this bit enabled the port to be sensitive to over-current
conditions as wake-up events.

Disables the port to wake up on over-current events.
PHY low power suspend - clock disable (PLPSCD) R/W 0

In host mode, the PHY can be put into Low Power Suspend — Clock
Disable when the downstream device has been put into suspend mode or
when no downstream device is connected. Low power suspend is
completely under the control of software.

Writing a 1 disables the PHY clock. Reading a 1 indicates the status of the
PHY clock (disabled).

Writing a 0 enables the PHY clock. Reading a O indicates the status of the
PHY clock (enabled).
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Table 125. Port Status and Control register (PRTSCL1 - address 0x1900 0184) - host mode ...continued

Bit Symbol  Value Description Access Reset
value
24 PFSC Port force full speed connect R/W 0
1 Writing this bit to a 1 will force the port to only connect at Full Speed. It

disables the chirp sequence that allows the port to identify itself as High
Speed. This is useful for testing FS configurations with a HS host, hub or

device.
0 Port connects at any speed.
25 - - reserved
27:26 PSPD Port speed RO 0

This register field indicates the speed at which the port is operating. For HS
mode operation in the host controller and HS/FS operation in the device
controller the port routing steers data to the Protocol engine. For FS and
LS mode operation in the host controller, the port routing steers data to the
Protocol Engine w/ Embedded Transaction Translator.

00 Full-speed
01 Low-speed
10 High-speed
31:28 - Reserved - -

Table 126. Port states as described by the PE and SUSP bits in the PORTSCL register

PE bit SUSP bit Port state
0 Oor1l disabled
1 0 enabled
1 1 suspend

4.2.15 OTG Status and Control register (OTGSC)

The OTG register has four sections:

¢ OTG interrupt enables (R/W)
¢ OTG Interrupt status (R/WC)
* OTG status inputs (RO)
OTG controls (R/W)

The status inputs are debounced using a 1 msec time constant. Values on the status
inputs that do not persist for more than 1 msec will not cause an update of the status input
register or cause an OTG interrupt.

Table 127. OTG Status and Control register (OTGSC - address 0x1900 01A4) bit description

Bit Symbol Value Description Access Reset
value

OTG controls

0 VD VBUS_Discharge R/W 0
Setting this bit to 1 causes VBUS to discharge through a resistor.
1 VC VBUS_Charge R/W 0

Setting this bit to 1 causes the VBUS line to be charged. This is used for
VBUS pulsing during SRP.
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Table 127. OTG Status and Control register (OTGSC - address 0x1900 01A4) bit description ...continued

Bit Symbol Value Description Access Reset
value
2 HAAR Hardware assist auto_reset R/W 0
Enable automatic reset after connect on host port.
Disabled
3 oT OTG termination R/W 0

This bit must be set to 1 when the OTG controller is in device mode. This
controls the pull-down on USB_DM.

4 DP Data pulsing R/W 0

Setting this bit to 1 causes the pull-up on USB_DP to be asserted for data
pulsing during SRP.

5 IDPU ID pull-up. R/W 1
This bit provides control over the pull-up resistor.
Pull-up on.
Pull-up off. The ID bit will not be sampled.

6 HADP Hardware assist data pulse R/W 0
Write a 1 to start data pulse sequence.
7 HABA Hardware assist B-disconnect to A-connect R/W 0
1 Enable automatic B-disconnect to A-connect sequence.
0 Disabled.
OTG status inputs
8 ID USB ID RO 0
B-device
A-device
9 AVV A-VBUS valid RO 0
Reading 1 indicates that VBUS is above the A-VBUS valid threshold.
10 ASV A-session valid RO 0
Reading 1 indicates that VBUS is above the A-session valid threshold.
11 BSV B-session valid RO 0
Reading 1 indicates that VBUS is above the B-session valid threshold.
12 BSE B-session end RO 0

Reading 1 indicates that VBUS is below the B-session end threshold.

13 1mST 1 millisecond timer toggle RO 0
This bit toggles once per millisecond.

14 DPS Data bus pulsing status RO 0
Reading a 1 indicates that data bus pulsing is detected on the port.

15 - - reserved 0

OTG interrupt status

16 IDIS USB ID interrupt status R/WC 0
This bit is set when a change on the ID input has been detected.
Software must write a 1 to this bit to clear it.
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Table 127. OTG Status and Control register (OTGSC - address 0x1900 01A4) bit description ...continued

Bit Symbol Value Description Access

17 AVVIS A-VBUS valid interrupt status R/WC
This bit is set then VBUS has either risen above or fallen below the
A-VBUS valid threshold (4.4 V on an A-device).

Software must write a 1 to this bit to clear it.

18 ASVIS A-Session valid interrupt status R/WC
This bit is set then VBUS has either risen above or fallen below the
A-session valid threshold (0.8 V).

Software must write a 1 to this bit to clear it.

19 BSVIS B-Session valid interrupt status R/WC
This bit is set then VBUS has either risen above or fallen below the
B-session valid threshold (0.8 V).

Software must write a 1 to this bit to clear it.

20 BSEIS B-Session end interrupt status R/WC
This bit is set then VBUS has fallen below the B-session end threshold.

Software must write a 1 to this bit to clear it.

21 1msS 1 millisecond timer interrupt status R/WC
This bit is set once every millisecond.

Software must write a 1 to this bit to clear it.

22 DPIS Data pulse interrupt status R/WC
This bit is set when data bus pulsing occurs on DP or DM. Data bus pulsing
is only detected when the CM bit in USBMODE = Host (11) and the
PortPower bit in PORTSC = Off (0).

Software must write a 1 to this bit to clear it.

23 - - reserved

OTG interrupt enable

24 IDIE USB ID interrupt enable R/W
Setting this bit enables the interrupt. Writing a O disables the interrupt.

25 AVVIE A-VBUS valid interrupt enable R/W
Setting this bit enables the A-VBUS valid interrupt. Writing a 0 disables the
interrupt.

26 ASVIE A-session valid interrupt enable R/W
Setting this bit enables the A-session valid interrupt. Writing a 0 disables
the interrupt

27 BSVIE B-session valid interrupt enable R/W
Setting this bit enables the B-session valid interrupt. Writing a 0 disables
the interrupt.

28 BSEIE B-session end interrupt enable R/W

UM10315

Setting this bit enables the B-session end interrupt. Writing a 0 disables the

interrupt.

Reset
value

0
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Table 127. OTG Status and Control register (OTGSC - address 0x1900 01A4) bit description ...continued

Bit Symbol Value Description Access Reset
value
29 1msE 1 millisecond timer interrupt enable R/W 0
Setting this bit enables the 1 millisecond timer interrupt. Writing a 0
disables the interrupt.
30 DPIE Data pulse interrupt enable R/W 0
Setting this bit enables the data pulse interrupt. Writing a 0 disables the
interrupt
31 - - Reserved - 0
4.2.16 USB Mode register (USBMODE)
The USBMODE register sets the USB mode for the OTG controller. The possible modes
are Device, Host, and Idle mode for OTG operations.
4.2.16.1 Device mode

Table 128. USB Mode register (USBMODE - address 0x1900 01A8) bit description - device mode

Bit Symbol Value Description

1:0  CM[1:0]
00
01
10
11

2 ES

3 SLOM
1
0

UM10315

Controller mode R/ WO

The controller defaults to an idle state and needs to be initialized to the
desired operating mode after reset. This register can only be written once
after reset. If it is necessary to switch modes, software must reset the
controller by writing to the RESET bit in the USBCMD register before
reprogramming this register.

Idle

Reserved

Device controller

Host controller

Endian select R/W

This bit can change the byte ordering of the transfer buffers to match the
host microprocessor bus architecture. The bit fields in the microprocessor
interface and the DMA data structures (including the setup buffer within the
device QH) are unaffected by the value of this bit, because they are based
upon 32-bit words.

Big endian: first byte referenced in most significant byte of 32-bit word.
Little endian: first byte referenced in least significant byte of 32-bit word.
Setup Lockout mode R/W

In device mode, this bit controls behavior of the setup lock mechanism. See
Section 8-8.8.

Setup Lockouts Off (DCD requires the use of Setup Buffer Tripwire in
USBCMD)

Setup Lockouts on

Access

Reset
value

00
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Table 128. USB Mode register (USBMODE - address 0x1900 01A8) bit description - device mode ...continued
Bit Symbol Value Description Access Reset
value
4 SDIS Stream disable mode R/W 0
Remark: The use of this feature substantially limits the overall USB
performance that can be achieved.
1 Disabled.
Setting this bit to one disables double priming on both RX and TX for low
bandwidth systems. This mode ensures that when the RX and TX buffers
are sufficient to contain an entire packet that the standard double buffering
scheme is disabled to prevent overruns/underruns in bandwidth limited
systems. Note: In High Speed Mode, all packets received will be responded
to with a NYET handshake when stream disable is active.
0 Not disabled
5 VBPS Not used in device mode. - 0
316 - - reserved
4.2.16.2 Host mode
Table 129. USB Mode register (USBMODE - address 0x1900 01A8) bit description - host mode
Bit Symbol Value Description Access Reset
value
1:0 CM[1:0] Controller mode R/WO 00
The controller defaults to an idle state and needs to be initialized to the
desired operating mode after reset. This register can only be written once
after reset. If it is necessary to switch modes, software must reset the
controller by writing to the RESET bit in the USBCMD register before
reprogramming this register.
00 Idle
01 Reserved
10 Device controller
11 Host controller
2 ES Endian select R/W 0
This bit can change the byte ordering of the transfer buffers. The bit fields in
the microprocessor interface and the DMA data structures (including the
setup buffer within the device QH) are unaffected by the value of this bit,
because they are based upon 32-bit words.
Big endian: first byte referenced in most significant byte of 32-bit word.
Little endian: first byte referenced in least significant byte of 32-bit word.
3 SLOM Not used in host mode - 0

UM10315
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Table 129. USB Mode register (USBMODE - address 0x1900 01A8) bit description - host mode ...continued

Bit Symbol Value Description

4 SDIS
5 VBPS
316 - -

Access Reset
value
Stream disable mode R/W 0
Remark: The use of this feature substantially limits the overall USB
performance that can be achieved.
Disabled.
Setting to a ‘1’ ensures that overruns/underruns of the latency FIFO are
eliminated for low bandwidth systems where the RX and TX buffers are
sufficient to contain the entire packet. Enabling stream disable also has the
effect of ensuring the the TX latency is filled to capacity before the packet is
launched onto the USB.
Note: Time duration to pre-fill the FIFO becomes significant when stream
disable is active. See TXFILLTUNING to characterize the adjustments
needed for the scheduler when using this feature.
Not disabled
VBUS power select R/WO 0

This bit sets the vbus_pwr_select output LOW or HIGH to select between an
on-chip VBUS power source and an off-chip power source. Setting this bit
will trigger the usb_otg_vbus_pwr_en event in the event router (see
Section 8-2.2.3).

vbus_pwr_select is set LOW.
vbus_pwr_select is set HIGH

reserved

4.3 Device endpoint registers

4.3.1 USB Endpoint Setup Status register (ENDPSETUPSTAT)

Table 130. USB Endpoint Setup Status register (ENDPTSETUPSTAT - address 0x1900 01AC) bit description

Bit Symbol
3:.0 ENDPT
SETUP
STAT[3:0]
31:3 -

For every setup transaction that is received, a corresponding bit in this register
is set to one. Software must clear or acknowledge the setup transfer by writing
a one to a respective bit after it has read the setup data from Queue head. The
response to a setup packet as in the order of operations and total response
time is crucial to limit bus time outs while the setup lockout mechanism is
engaged.

reserved

4.3.2 USB Endpoint Prime register (ENDPTPRIME)

For each endpoint, software should write a one to the corresponding bit whenever posting
a new transfer descriptor to an endpoint. Hardware will automatically use this bit to begin
parsing for a new transfer descriptor from the queue head and prepare a receive buffer.

Hardware will clear this bit when the associated endpoint(s) is (are) successfully primed.

UM10315

Description Access Reset
value
Setup endpoint status for logical endpoints 0 to 3. R/WC 0

Remark: These bits will be momentarily set by hardware during hardware endpoint

re-priming operations when a dTD is retired and the dQH is updated.
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Table 131. USB Endpoint Prime register (ENDPTPRIME - address 0x1900 01BO) bit description

Bit

3.0

15:4
19:16

31:20

Symbol

PERB[3:0]

PETB[3:0]

Description Access Reset
value
Prime endpoint receive buffer for physical OUT endpoints 3 to 0. R/WS 0

For each OUT endpoint, a corresponding bit is set to 1 by software to request a
buffer be prepared for a receive operation for when a USB host initiates a USB
OUT transaction. Software should write a one to the corresponding bit
whenever posting a new transfer descriptor to an endpoint. Hardware will
automatically use this bit to begin parsing for a new transfer descriptor from the
gueue head and prepare a receive buffer. Hardware will clear this bit when the
associated endpoint(s) is (are) successfully primed.

PERBO = endpoint 0

PERB3 = endpoint 3
reserved
Prime endpoint transmit buffer for physical IN endpoints 3 to O. R/WS 0

For each IN endpoint a corresponding bit is set to one by software to request a
buffer be prepared for a transmit operation in order to respond to a USB
IN/INTERRUPT transaction. Software should write a one to the corresponding
bit when posting a new transfer descriptor to an endpoint. Hardware will
automatically use this bit to begin parsing for a new transfer descriptor from the
gueue head and prepare a transmit buffer. Hardware will clear this bit when the
associated endpoint(s) is (are) successfully primed.

PETBO = endpoint 0

PETB3 = endpoint 3
reserved

4.3.3 USB Endpoint Flush register (ENDPTFLUSH)

Writing a one to a bit(s) in this register will cause the associated endpoint(s) to clear any
primed buffers. If a packet is in progress for one of the associated endpoints, then that
transfer will continue until completion. Hardware will clear this register after the endpoint
flush operation is successful.

Table 132. USB Endpoint Flush register (address 0x1900 01B4) bit description

Bit

3.0

UM10315

Symbol

FERBI[3:0]

Description Access Reset
value
Flush endpoint receive buffer for physical OUT endpoints 3 to O. R/WS 0

Writing a one to a bit(s) will clear any primed buffers.
FERBO = endpoint 0

FERB3 = endpoint 3
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Table 132. USB Endpoint Flush register (address 0x1900 01B4) bit description

Bit Symbol Description

154 - reserved
19:16 FETB[3:0] Flush endpoint transmit buffer for physical IN endpoints 3 to 0.
Writing a one to a hit(s) will clear any primed buffers.

FETBO = endpoint 0

FETB3 = endpoint 3
31:20 - reserved

Access Reset
value

R/WS 0

4.3.4 USB Endpoint Status register (ENDPSTAT)

One bit for each endpoint indicates status of the respective endpoint buffer. This bit is set
by hardware as a response to receiving a command from a corresponding bit in the
ENDPTPRIME register. There will always be a delay between setting a bit in the
ENDPTPRIME register and endpoint indicating ready. This delay time varies based upon
the current USB traffic and the number of bits set in the ENDPTPRIME register. Buffer
ready is cleared by USB reset, by the USB DMA system, or through the ENDPTFLUSH

register.

Remark: These bits will be momentarily cleared by hardware during hardware endpoint

re-priming operations when a dTD is retired and the dQH is updated.

Table 133. USB Endpoint Status register (address 0x1900 01B8) bit description
Bit Symbol Description

3:0 ERBR[3:0] Endpoint receive buffer ready for physical OUT endpoints 3 to 0.

This bit is set to 1 by hardware as a response to receiving a command from a
corresponding bit in the ENDPTPRIME register.

ERBRO = endpoint 0

ERBRS3 = endpoint 3
154 - reserved
19:16 ETBR[3:0] Endpoint transmit buffer ready for physical IN endpoints 3 to 0.

This bit is set to 1 by hardware as a response to receiving a command from a
corresponding bit in the ENDPTPRIME register.

ETBRO = endpoint 0

ETBR3 = endpoint 3
31:20 - reserved

Access Reset

value
RO 0
RO 0

4.3.5 USB Endpoint Complete register (ENDPTCOMPLETE)

Each bit in this register indicates that a received/transmit event occurred and software
should read the corresponding endpoint queue to determine the transfer status. If the
corresponding IOC bit is set in the Transfer Descriptor, then this bit will be set

simultaneously with the USBINT.
Writing a one will clear the corresponding bit in this register.

UM10315
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Table 134. USB Endpoint Complete register (address 0x1900 01BC) bit description

Bit

3:.0

154
19:16

31:20

Symbol

ERCE[3:0]

ETCE[3:0]

Description Access

Endpoint receive complete event for physical OUT endpoints 3 to 0. R/WC
This bit is set to 1 by hardware when receive event (OUT/SETUP) occurred.
ERCEOQ = endpoint 0

ERCES3 = endpoint 3
reserved
Endpoint transmit complete event for physical IN endpoints 3 to 0. R/WC

This bit is set to 1 by hardware when a transmit event (IN/INTERRUPT)
occurred.

ETCEO = endpoint 0

ETCES3 = endpoint 3
reserved

Reset
value

0

4.3.6 USB Endpoint 0 Control register (ENDPTCTRLO)

This register initializes endpoint O for control transfer. Endpoint O is always a control

endpoint.

Table 135. USB Endpoint 0 Control register (ENDPTCTRLO - address 0x1900 01CO0) bit description

Bit

15:8

UM10315

Symbol

RXS

RXT[1:0]

RXE

Value Description Access
Rx endpoint stall R/W
1 Endpoint stalled

Software can write a one to this bit to force the endpoint to return a
STALL handshake to the Host. It will continue returning STALL until
the bit is cleared by software, or it will automatically be cleared upon
receipt of a new SETUP request.

After receiving a SETUP request, this bit will continue to be cleared
by hardware until the associated ENDSETUPSTAT bit is cleared.]

0 Endpoint ok.

- reserved

00 Endpoint type R/W
Endpoint 0 is always a control endpoint.

- reserved

1 Rx endpoint enable RO

Endpoint enabled. Control endpoint O is always enabled. This bit is
always 1.

- reserved

Reset
value

0

00
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Table 135. USB Endpoint 0 Control register (ENDPTCTRLO - address 0x1900 01CO0) bit description ...continued

Bit Symbol Value Description Access Reset
value
16 TXS Tx endpoint stall R/W
1 Endpoint stalled

Software can write a one to this bit to force the endpoint to return a
STALL handshake to the Host. It will continue returning STALL until
the bit is cleared by software, or it will automatically be cleared upon
receipt of a new SETUP request.

After receiving a SETUP request, this bit will continue to be cleared
by hardware until the associated ENDSETUPSTAT bit is cleared.[]

0 Endpoint ok.

17 - - reserved

19:18 TXT[1:0] 00 Endpoint type RO 00
Endpoint 0 is always a control endpoint.

22:20 - - reserved

23 TXE 1 Tx endpoint enable RO 1
Endpoint enabled. Control endpoint O is always enabled. This bit is
always 1.

31:24 - - reserved

[1] There is a slight delay (50 clocks max) between the ENPTSETUPSTAT being cleared and hardware continuing to clear this bit. In most
systems it is unlikely that the DCD software will observe this delay. However, should the DCD notice that the stall bit is not set after
writing a one to it, software should continually write this stall bit until it is set or until a new setup has been received by checking the
associated ENDPTSETUPSTAT bit.

4.3.7 Endpoint 1 to 3 control registers (ENDPTCTRL1 to ENDPTCTRL3)

Each endpoint that is not a control endpoint has its own register to set the endpoint type
and enable or disable the endpoint.

Remark: The reset value for all endpoint types is the control endpoint. If one endpoint
direction is enabled and the paired endpoint of opposite direction is disabled, then the
endpoint type of the unused direction must be changed from the control type to any other
type (e.g. bulk). Leaving an unconfigured endpoint control will cause undefined behavior
for the data PID tracking on the active endpoint.

Table 136. USB Endpoint 1 to 3 control registers (ENDPTCTRL1 to ENDPTCTRL3 - address 0x1900 01C4 to
0x1900 01CC) bit description

Bit Symbol Value Description Access Reset
value
0 RXS Rx endpoint stall R/W 0
1 Endpoint stalled

Software can write a one to this bit to force the endpoint to return a
STALL handshake to the Host. It will continue returning STALL until
the bit is cleared by software, or it will automatically be cleared upon
receipt of a new SETUP request.l

0 Endpoint ok.

This bit will be cleared automatically upon receipt of a SETUP
request if this Endpoint is configured as a Control Endpoint and this
bit will continue to be cleared by hardware until the associated
ENDPTSETUPSTAT bit is cleared.
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Table 136. USB Endpoint 1 to 3 control registers (ENDPTCTRL1 to ENDPTCTRL3 - address 0x1900 01C4 to
0x1900 01CC) bit description ...continued

Bit Symbol

32 RXT[1:0]

RXI
6 RXR
7 RXE
158 -
16 TXS
17 -

19:18 TXT[1:0]

20 -

UM10315

Value

00
01
10
11

00
01
10
11

Description Access

Reserved R/W
Endpoint type R/W
Control

Isochronous

Bulk

Reserved

Reserved

Rx data toggle inhibit R/W

This bit is only used for test and should always be written as zero.
Writing a one to this bit will cause this endpoint to ignore the data
toggle sequence and always accept data packets regardless of their
data PID.

Enabled

Disabled

Rx data toggle reset WS
Write 1 to reset the PID sequence.

Whenever a configuration event is received for this Endpoint,
software must write a one to this bit in order to synchronize the data
PIDs between the host and device.

Rx endpoint enable R/IW

Remark: An endpoint should be enabled only after it has been
configured.

Endpoint enabled.

Endpoint disabled.

reserved

Tx endpoint stall R/W
Endpoint stalled

Software can write a one to this bit to force the endpoint to return a
STALL handshake to the Host. It will continue returning STALL until
the bit is cleared by software, or it will automatically be cleared upon
receipt of a new SETUP request.l]

Endpoint ok.

This bit will be cleared automatically upon receipt of a SETUP
request if this Endpoint is configured as a Control Endpoint, and this
bit will continue to be cleared by hardware until the associated
ENDPTSETUPSTAT bit is cleared.

Reserved -

Tx endpoint type R/W
Control

Isochronous

Bulk

Interrupt

reserved

Reset
value

0
00

00
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Table 136. USB Endpoint 1 to 3 control registers (ENDPTCTRL1 to ENDPTCTRL3 - address 0x1900 01C4 to
0x1900 01CC) bit description ...continued

Bit Symbol Value Description Access Reset
value
21 TXI Tx data toggle inhibit R/W 0

This bit is only used for test and should always be written as zero.
Writing a one to this bit will cause this endpoint to ignore the data
toggle sequence and always accept data packets regardless of their
data PID.

Disabled
0 Enabled
22 TXR Tx data toggle reset WS 1
Write 1 to reset the PID sequence.

Whenever a configuration event is received for this Endpoint,
software must write a one to this bit in order to synchronize the data
PID’s between the host and device.

23 TXE Tx endpoint enable R/W 0

Remark: An endpoint should be enabled only after it has been
configured

Endpoint enabled.
0 Endpoint disabled.
31:24 - - reserved 0
[1] For control endpoints only: There is a slight delay (50 clocks max) between the ENPTSETUPSTAT being cleared and hardware
continuing to clear this bit. In most systems it is unlikely that the DCD software will observe this delay. However, should the DCD notice

that the stall bit is not set after writing a one to it, software should continually write this stall bit until it is set or until a new setup has been
received by checking the associated ENDPTSETUPSTAT bit.

5. Functional description

51 OTGcore

The OTG core forms the main digital part of the USB-OTG. See the USB EHCI
specification for details about this core.

5.2 Host data structures

See Chapter 4 of Enhanced Host Controller Interface Specification for Universal Serial
Bus 1.0.

5.3 Host operational model

See Chapter 3 of Enhanced Host Controller Interface Specification for Universal Serial
Bus 1.0.

5.4 ATX_RGEN module

There are a number of requirements for the reset signal towards the ATX transceiver,
these are as follows:

* it requires the clocks to be running for a reset to occur correctly.

UM10315 © NXP B.V. 2012. All rights reserved.

User manual Rev. 1 — 8 June 2012 152 of 644




NXP Semiconductors UM10315

UM10315

5.5

5.6

5.7

Chapter 8: LPC315x High-speed USB On-The-Go (OTG) controller

* it must see a rising edge of reset to correctly reset the clock generation module.
¢ the reset must be a minimum of 133 ns (4 x 30 MHz clock cycles) in duration to reset
all logic correctly.

The ATX_RGEN module generates a reset signal towards the ATX fulfilling above 3
requirements, no matter how the AHB reset looks like.

ATX transceiver
The USB-OTG has a USB transceiver with UTMI+ interface. It contains the required
transceiver OTG functionality; this includes:

* VBUS sensing for producing the session-valid and VBUS-valid signals.

¢ sampling of the USB_ID input for detection of A-device or B-device connection.

¢ charging and discharging of VBUS for starting and ending a session as B-device.

Modes of operation

In general, the USB-OTG can be operating either in host mode or in device mode.
Software must put the core in the appropriate mode by setting the USBMODE.CM field
(12’ for host mode, ‘10’ for device mode).

The USBMODE.CM field can also be equal to ‘00", which means that the core is in idle
mode (neither host nor device mode). This will happen after the following:

* a hardware reset.

¢ a software reset via the USBCMD.RST bit; e.g. when switching from host mode to
device mode as part of the HNP protocol (or vice versa), software must issue a
software reset by which the core will be to the idle state; this will happen in a time
frame dependent on the software.

SOF/VF indicator

The USB-OTG generates a SOF/VF indicator signal, which can be used by user specific
external logic.

In FS mode, the SOF/VF indicator signal has a frequency equal to the frame frequency,
which is about 1 kHz. The signal is high for half of the frame period and low for the other
half of the frame period. The positive edge is aligned with the start of a frame (= SOF).

In HS mode, the SOF/VF indicator signal has a frequency equal to the virtual frame
frequency. The signal is high for half of the virtual frame period and low for the other half of
the virtual frame period. The positive edge is aligned with the start of a virtual frame (=
VF).

The length of the virtual frame is defined as: VF = microframe x 2binterval,

binterval is specified in the 4-bit programmable BINTERVAL.BINT register field. The
minimum value of binterval is 0, the maximum value is 15.

In suspend mode the SOF/VF indicator signal is turned off (= remains low).
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5.8 Hardware assist

58.1

5.8.2

5.8.3

The hardware assist provides automated response and sequencing that may not be
possible in software if there are significant interrupt latency response times. The use of
this additional circuitry is optional and can be used to assist the following three state
transitions by setting the appropriate bits in the OTGSC register:

¢ Auto reset (set bit HAAR).

¢ Data pulse (set bit HADP).

¢ B-disconnect to A-connect (set bit HABA).

Auto reset

When the HAAR in the OTGSC register is set to one, the host will automatically start a
reset after a connect event. This shortcuts the normal process where software is notified
of the connect event and starts the reset. Software will still receive notification of the
connect event (CCS bit in the PORTSC register) but should not write the reset bit in the
USBCMD register when the HAAR is set. Software will be notified again after the reset is
complete via the enable change bit in the PORTSC register which causes a port change
interrupt.

This assist will ensure the OTG parameter TB_ACON_BSEO0_MAX =1 ms is met (see
OTG specification for an explanation of the OTG timing requirements).

Data pulse

Writing a one to HADP in the OTGSC register will start a data pulse of approximately 7 ms
in duration and then automatically cease the data pulsing. During the data pulse, the DP
bit will be set and then cleared. This automation relieves software from accurately
controlling the data-pulse duration. During the data pulse, the HCD can poll to see that the
HADP and DP bit have returned low to recognize the completion, or the HCD can simply
launch the data pulse and wait to see if a VBUS Valid interrupt occurs when the A-side
supplies bus power.

This assist will ensure data pulsing meets the OTG requirement of > 5 ms and < 10 ms.

B-disconnect to A-connect (Transition to the A-peripheral state)

During HNP, the B-disconnect occurs from the OTG A_suspend state, and within 3 ms,
the A-device must enable the pullup on the DP leg in the A-peripheral state. For the
hardware assist to begin the following conditions must be met:

* HABA s set.

¢ Host controller is in suspend mode.

* Device is disconnecting.

The hardware assist consists of the following steps:

1. Hardware resets the OTG controller (writes 1 to the RST bit in USBCMD).

2. Hardware selects the device mode (writes 10 to bits CM[1:0] in USBMODE).

3. Hardware sets the RS bit in USBCMD and enables the necessary interrupts:
— USB reset enable (URE) - enables interrupt on USB bus reset to device.
— Sleep enable (SLE) - enables interrupt on device suspend.
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— Port change detect enable (PCE) - enables interrupt on device connect.

When software has enabled this hardware assist, it must not interfere during the transition
and should not write any register in the OTG core until it gets an interrupt from the device
controller signifying that a reset interrupt has occurred or until it has verified that the core
has entered device mode. HCD/DCD must not activate the core soft reset at any time
since this action is performed by hardware. During the transition, the software may see an
interrupt from the disconnect and/or other spurious interrupts (i.e. SOF/etc.) that may or
may not cascade and my be cleared by the soft reset depending on the software response
time.

After the core has entered device mode with help of the hardware assist, the DCD must
ensure that the ENDPTLISTADDR is programmed properly before the host sends a setup
packet. Since the end of the reset duration, which may be initiated quickly (a few
microseconds) after connect, will require at a minimum 50 ms, this is the time for which
the DCD must be ready to accept setup packets after having received notification that the
reset has been detected or simply that the OTG is in device mode which ever occurs first.

If the A-peripheral fails to see a reset after the controller enters device mode and engages
the D+-pullup, the device controller interrupts the DCD signifying that a suspend has
occurred. This assist will ensure the parameter TA_BDIS_ACON_MAX = 3ms is met.

from EHCI standard

UM10315

6.1

For the purposes of a dual-role Host/Device controller with support for On-The-Go
applications, it is necessary to deviate from the EHCI specification. Device operation and
On-The-Go operation is not specified in the EHCI and thus the implementation supported
in this core is specific to the LPC315x. The host mode operation of the core is near EHCI
compatible with few minor differences documented in this section.

The particulars of the deviations occur in the areas summarized here:

* Embedded Transaction Translator — Allows direct attachment of FS and LS devices in
host mode without the need for a companion controller.

¢ Device operation - In host mode the device operational registers are generally
disabled and thus device mode is mostly transparent when in host mode. However,
there are a couple exceptions documented in the following sections.

* On-The-Go Operation - This design includes an On-The-Go controller.

Embedded Transaction Translator function

The USB-HS OTG controller supports directly connected full and low speed devices
without requiring a companion controller by including the capabilities of a USB 2.0 high
speed hub transaction translator. Although there is no separate Transaction Translator
block in the system, the transaction translator function normally associated with a high
speed hub has been implemented within the DMA and Protocol engine blocks. The
embedded transaction translator function is an extension to EHCI interface but

makes use of the standard data structures and operational models that exist in the EHCI
specification to support full and low speed devices.
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6.1.1 Capability registers
The following items have been added to the capability registers to support the embedded
Transaction Translator Function:
* N_TT bits added to HCSPARAMS — Host Control Structural Parameters (see
Table 8-99).

* N_PTT added to HCSPARAMS — Host Control Structural Parameters (see
Table 8-99).

6.1.2 Operational registers
The following items have been added to the operational registers to support the
embedded TT:
* New register TTCTRL (see Section 8-4.2.7).

¢ Two-bit Port Speed (PSPD) bits added to the PORTSCL1 register (see
Section 8-4.2.14).

6.1.3 Discovery

In a standard EHCI controller design, the EHCI host controller driver detects a Full speed
(FS) or Low speed (LS) device by noting if the port enable bit is set after the port reset
operation. The port enable will only be set in a standard EHCI controller implementation
after the port reset operation and when the host and device negotiate a High-Speed
connection (i.e. Chirp completes successfully). Since this controller has an embedded
Transaction Translator, the port enable will always be set after the port reset operation
regardless of the result of the host device chirp result and the resulting port speed will be
indicated by the PSPD field in PORTSC1 (see Section 8—4.2.14).

Table 137. Handling of directly connected full-speed and low-speed devices

Standard EHCI model EHCI with embedded Transaction Translator
After the port enable bit is set following a After the port enable bit is set following a
connection and reset sequence, the device/hub connection and reset sequence, the device/hub
is assumed to be HS. speed is noted from PORTSC1.

FS and LS devices are assumed to be FS and LS device can be either downstream

downstream from a HS hub thus, all port-level ~ from a HS hub or directly attached. When the

control is performed through the Hub Class to FS/LS device is downstream from a HS hub,

the nearest Hub. then port-level control is done using the Hub
Class through the nearest Hub. When a FS/LS
device is directly attached, then port-level
control is accomplished using PORTSCL1.

FS and LS devices are assumed to be FS and LS device can be either downstream

downstream from a HS hub with HubAddr=X, from a HS hub with HubAddr = X [HubAddr > 0]

where HubAddr > 0 and HubAddr is the address or directly attached, where HubAddr = TTHA

of the Hub where the bus transitions from HS to (TTHA is programmable and defaults to 0) and

FS/LS (i.e. Split target hub). HubAddr is the address of the Root Hub where
the bus transitions from HS to FS/LS (i.e. Split
target hub is the root hub).
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6.1.4 Data structures

6.1.5

6.1.5.1

The same data structures used for FS/LS transactions though a HS hub are also used for
transactions through the Root Hub with sm embedded Transaction Translator. Here it is
demonstrated how the Hub Address and Endpoint Speed fields should be set for directly
attached FS/LS devices and hubs:

1. QH (for direct attach FS/LS) — Async. (Bulk/Control Endpoints) Periodic (Interrupt)
— Hub Address = TTHA (default TTHA = 0)
— Transactions to direct attached device/hub: QH.EPS = Port Speed

— Transactions to a device downstream from direct attached FS hub: QH.EPS =
Downstream Device Speed

Remark: When QH.EPS = 01 (LS) and PORTSCx.PSPD = 00 (FS), a LS-pre-pid
will be sent before the transmitting LS traffic.

Maximum Packet Size must be less than or equal 64 or undefined behavior may
result.

2. siTD (for direct attach FS) — Periodic (ISO Endpoint)
all FS ISO transactions:
Hub Address = (default TTHA = 0)
siTD.EPS = 00 (full speed)

Maximum Packet Size must less than or equal to 1023 or undefined behavior may
result.

Operational model

The operational models are well defined for the behavior of the Transaction Translator
(see USB 2.0 specification) and for the EHCI controller moving packets between system
memory and a USB-HS hub. Since the embedded Transaction Translator exists within the
host controller there is no physical bus between EHCI host controller driver and the USB
FS/LS bus. These sections will briefly discuss the operational model for how the EHCI and
Transaction Translator operational models are combined without the physical bus
between. The following sections assume the reader is familiar with both the EHCI and
USB 2.0 Transaction Translator operational models.

Micro-frame pipeline

The EHCI operational model uses the concept of H-frames and B-frames to describe the
pipeline between the Host (H) and the Bus (B). The embedded Transaction Translator
shall use the same pipeline algorithms specified in the USB 2.0 specification for a
Hub-based Transaction Translator.

It is important to note that when programming the S-mask and C-masks in the EHCI data
structures to schedule periodic transfers for the embedded Transaction Translator, the
EHCI host controller driver must follow the same rules specified in EHCI for programming
the S-mask and C-mask for downstream Hub-based Transaction Translators. Once
periodic transfers are exhausted, any stored asynchronous transfer will be moved.
Asynchronous transfers are opportunistic in that they shall execute whenever possible
and their operation is not tied to H-frame and B-frame boundaries with the exception that
an asynchronous transfer can not babble through the SOF (start of B-frame 0.)
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Split state machines

The start and complete split operational model differs from EHCI slightly because there is
no bus medium between the EHCI controller and the embedded Transaction Translator.
Where a start or complete-split operation would occur by requesting the split to the HS
hub, the start/complete split operation is simple an internal operation to the embedded
Transaction Translator. The following table summarizes the conditions where handshakes
are emulated from internal state instead of actual handshakes to HS split bus traffic.

Table 138. Split state machine properties

Condition Emulate TT response
Start-split All asynchronous buffers full. NAK

All periodic buffers full. ERR

Success for start of Async. Transaction. ACK

Start Periodic Transaction. No Handshake (Ok)
Complete-split Failed to find transaction in queue. Bus Time Out

Transaction in Queue is Busy. NYET

Transaction in Queue is Complete. [Actual Handshake from

LS/FS device]

Asynchronous Transaction scheduling and buffer management
The following USB 2.0 specification items are implemented in the embedded Transaction
Translator:
1. USB 2.0 specification, section 11.17.3: Sequencing is provided & a packet length
estimator ensures no full-speed/low-speed packet babbles into SOF time.
2. USB 2.0 specification, section 11.17.4: Transaction tracking for 2 data pipes.

3. USB 2.0 specification, section 11.17.5: Clear_TT_Buffer capability provided though
the use of the TTCTRL register.

Periodic Transaction scheduling and buffer management
The following USB 2.0 specification items are implemented in the embedded Transaction
Translator:
1. USB 2.0 specs, section 11.18.6.[1-2]:
— Abort of pending start-splits:
EOF (and not started in micro-frames 6)
Idle for more than 4 micro-frames
— Abort of pending complete-splits:
EOF
Idle for more than 4 micro-frames
2. USB 2.0 specs, section 11.18.6.[7-8]:
— Transaction tracking for up to 16 data pipes:
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Some applications may not require transaction tracking up to a maximum of 16
periodic data pipes. The option to limit the tracking to only 4 periodic data pipes
exists in the by changing the configuration constant

VUSB_HS TT_PERIODIC_CONTEXTS to 4. The result is a significant gate count
savings to the core given the limitations implied.

Remark: Limiting the number of tracking pipes in the EMBedded TT to four (4) will
impose the restriction that no more than 4 periodic transactions
(INTERRUPT/ISOCHRONOUS) can be scheduled through the embedded TT per
frame. The number 16 was chosen in the USB specification because it is sufficient
to ensure that the high-speed to full- speed periodic pipeline can remain full.
keeping the pipeline full puts no constraint on the number of periodic transactions
that can be scheduled in a frame and the only limit becomes the flight time of the
packets on the bus.

— Complete-split transaction searching:

There is no data schedule mechanism for these transactions other than
micro-frame pipeline. The embedded TT assumes the number of packets
scheduled in a frame does not exceed the frame duration (1 ms) or else undefined
behavior may result.

Multiple Transaction Translators

The maximum number of embedded Transaction Translators that is currently supported is
one as indicated by the N_TT field in the HCSPARAMS — Host Control Structural
Parameters register.

Device operation

The co-existence of a device operational controller within the host controller has little
effect on EHCI compatibility for host operation except as noted in this section.

USBMODE register

Given that the dual-role controller is initialized in neither host nor device mode, the
USBMODE register must be programmed for host operation before the EHCI host
controller driver can begin EHCI host operations.

Non-Zero Fields the register file

Some of the reserved fields and reserved addresses in the capability registers and
operational register have use in device mode, the following must be adhered to:

* Write operations to all EHCI reserved fields (some of which are device fields) with the
operation registers should always be written to zero. This is an EHCI requirement of
the device controller driver that must be adhered to.

* Read operations by the host controller must properly mask EHCI reserved fields
(some of which are device fields) because fields that are used exclusive for device are
undefined in host mode.
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SOF interrupt

This SOF Interrupt used for device mode is shared as a free running 125us interrupt for
host mode. EHCI does not specify this interrupt but it has been added for convenience
and as a potential software time base. See USBSTS (Section 8—4.2.2) and USBINTR
(Section 8—4.2.3) registers.

Miscellaneous variations from EHCI

Discovery

Port reset

The port connect methods specified by EHCI require setting the port reset bit in the
PORTSCXx register for a duration of 10 ms. Due to the complexity required to support the
attachment of devices that are not high speed there are counter already present in the
design that can count the 10ms reset pulse to alleviate the requirement of the software to
measure this duration. Therefore, the basic connection is then summarized as the
following:

¢ [Port Change Interrupt] Port connect change occurs to notify the host controller driver
that a device has attached.

* Software shall write a ‘1’ to the reset the device.
* Software shall write a ‘0’ to the reset the device after 10 ms.

This step, which is necessary in a standard EHCI design, may be omitted with this
implementation. Should the EHCI host controller driver attempt to write a ‘0’ to the
reset bit while a reset is in progress the write will simple be ignored and the reset will
continue until completion.

¢ [Port Change Interrupt] Port enable change occurs to notify the host controller that
the device in now operational and at this point the port speed has been determined.

Port speed detection

After the port change interrupt indicates that a port is enabled, the EHCI stack should
determine the port speed. Unlike the EHCI implementation which will re-assign the port
owner for any device that does not connect at High-Speed, this host controller supports
direct attach of non High-Speed devices. Therefore, the following differences are
important regarding port speed detection:

* Port Owner is read-only and always reads 0.

* A 2-bit Port Speed indicator has been added to PORTSC to provide the current
operating speed of the port to the host controller driver.

¢ A 1-bit High Speed indicator has been added to PORTSC to signify that the port is in
High-Speed vs. Full/Low Speed — This information is redundant with the 2-bit Port
Speed indicator above.
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7. Device data structures

This section defines the interface data structures used to communicate control, status,
and data between Device Controller Driver (DCD) Software and the Device Controller.
The data structure definitions in this chapter support a 32-bit memory buffer address
space.

Remark: The Software must ensure that no interface data structure reachable by the
Device controller crosses a 4k-page boundary

The data structures defined in the chapter are (from the device controller’s perspective) a
mix of read-only and read/ writable fields. The device controller must preserve the
read-only fields on all data structure writes.

Endpoint Transfer
Descriptors dTD

Endpoint Queue Heads
dQH

Endpoint dQH3 - In
Endpoint dQH3 - Out

. . TRANSFER
BUFFER

transfer buffer
pointer

transfer buffer TRANSFER
pointer BUFFER
> dTD

Endpoint dQH1 - Out

Endpoint dQHO - In —>m—, TRANSFER
transfer buffer BUFFER
Endpoint dQHO - Out —> pointer
transfer buffer

ENDPOINTLISTADDR

TRANSFER
BUFFER

pointer

7.1

UM10315

Fig 23. Endpoint queue head organization

Device queue heads are arranged in an array in a continuous area of memory pointed to
by the ENDPOINTLISTADDR pointer. The even —humbered device queue heads in the list
support receive endpoints (OUT/SETUP) and the odd-numbered queue heads in the list
are used for transmit endpoints (IN/INTERRUPT). The device controller will index into this
array based upon the endpoint number received from the USB bus. All information
necessary to respond to transactions for all primed transfers is contained in this list so the
Device Controller can readily respond to incoming requests without having to traverse a
linked list.

Remark: The Endpoint Queue Head List must be aligned to a 2k boundary.

Endpoint queue head (dQH)

The device Endpoint Queue Head (dQH) is where all transfers are managed. The dQH is
a 48-byte data structure, but must be aligned on 64-byte boundaries. During priming of an
endpoint, the dTD (device transfer descriptor) is copied into the overlay area of the dQH,
which starts at the nextTD pointer DWord and continues through the end of the buffer
pointers DWords. After a transfer is complete, the dTD status DWord is updated in the
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dTD pointed to by the currentTD pointer. While a packet is in progress, the overlay area of
the dQH is used as a staging area for the dTD so that the Device Controller can access
needed information with little minimal latency.

Endpoint capabilities and characteristics

This DWord specifies static information about the endpoint, in other words, this
information does not change over the lifetime of the endpoint. Device Controller software
should not attempt to modify this information while the corresponding endpoint is enabled.

Table 139. Endpoint capabilities and characteristics

Access Bit

RO

RO

RO
RO

RO

RO

31:30

29

28:27

26:16 Max_packet

15

14:0

Name
MULT

ZLT

_length
I0S

Description
Number of packets executed per transaction descriptor

00 - Execute N transactions as demonstrated by the USB variable
length protocol where N is computed using Max_packet_length
and the Total_bytes field in the dTD.

01 - Execute one transaction

10 - Execute two transactions

11 - Execute three transactions

Remark: Non-isochronous endpoints must set MULT = 00.

Remark: Isochronous endpoints must set MULT = 01, 10, or 11
as needed.

Zero length termination select

This bit is used for non-isochronous endpoints to indicate when a
zero-length packet is received to terminate transfers in case the
total transfer length is “multiple”.

0 - Enable zero-length packet to terminate transfers equal to a
multiple of Max_packet_length (default).

1 - Disable zero-length packet on transfers that are equal in
length to a multiple Max_packet_length.

reserved

Maximum packet size of the associated endpoint (< 1024)

Interrupt on setup

This bit is used on control type endpoints to indicate if USBINT is
set in response to a setup being received.

reserved
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offset
0x00

0x04

0x08

0x0C

0x10

Ox14

0x18

0x1C

0x20

0x24

0x28

0x2C

Fig 24. Endpoint queue head data structure

31

device Queue Head (dQH)

bit 0 transfer overlay

| ENDPOINT CAPABILITIES/CHARACTERISTICS |

CURRENT dTD POINTER | | endpoint transfer descriptor (dTD)

| NEXT dTD POINTER | []
[ | Total_bytes [ioc] [muo| | smatus |
[ BUFFER POINTER PAGE 0 | CURR OFFS |
[ BUFFER POINTER PAGE L | | FRAME N |

[ BUFFER POINTER PAGE 2 |

| BUFFER POINTER PAGE 3 |

| BUFFER POINTER PAGE 4 |

RESERVED [

SET-UP BUFFER: BYTES 3:0 |

SET-UP BUFFER: BYTES 7:4 |

UM10315

7.1.2

7.1.3

Transfer overlay

The seven DWords in the overlay area represent a transaction working space for the
device controller. The general operational model is that the device controller can detect
whether the overlay area contains a description of an active transfer. If it does not contain
an active transfer, then it will not read the associated endpoint.

After an endpoint is readied, the dTD will be copied into this queue head overlay area by
the device controller. Until a transfer is expired, software must not write the queue head
overlay area or the associated transfer descriptor. When the transfer is complete, the
device controller will write the results back to the original transfer descriptor and advance
the queue. See dTD for a description of the overlay fields.

Current dTD pointer

The current dTD pointer is used by the device controller to locate the transfer in progress.
This word is for Device Controller (hardware) use only and should not be modified by DCD
software.
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Table 140. Current dTD pointer

Access Bit Name Description

R/W 31:5 Current_TD_pointer Current dTD pointer

(hardware This field is a pointer to the dTD that is represented in
only) the transfer overlay area. This field will be modified by

the device controller to the next dTD pointer during
endpoint priming or queue advance.

- 4:0 - reserved

Set-up buffer
The set-up buffer is dedicated storage for the 8-byte data that follows a set-up PID.

Remark: Each endpoint has a TX and an RX dQH associated with it, and only the RX
gueue head is used for receiving setup data packets.

Table 141. Set-up buffer
Dword Access Bit Name Description

1 R/W 31:0 BUFO Setup buffer 0

This buffer contains bytes 3 to 0 of an incoming setup
buffer packet and is written by the device controller to
be read by software.

2 R/W 31:0 BUF1 Setup buffer 1

This buffer contains bytes 7 to 4 of an incoming setup
buffer packet and is written by the device controller to
be read by software.

Endpoint transfer descriptor (dTD)

The dTD describes to the device controller the location and quantity of data to be
sent/received for given transfer. The DCD should not attempt to modify any field in an
active dTD except the Next Link Pointer, which should only be modified as described in
Section 8-8.11.

Table 142. Next dTD pointer
Access Bit Name Description
RO 31:5 Next_link_pointer Next link pointer
This field contains the physical memory address of the next
dTD to be processed. The field corresponds to memory
address signals [31:5], respectively.
41 - reserved
0 T Terminate

This bit indicates to the device controller when there are no
more valid entries in the queue.

1 - pointer is invalid
0 - Pointer is valid, i.e. pointer points to a valid transfer
element descriptor.
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dTD token

Access

R/W

RO

Bit
31
30:16

15

14:12

Name

Total_bytes

I0C

Description
reserved

Total bytes

This field specifies the total number of bytes to be moved with
this transfer descriptor. This field is decremented by the
number of bytes actually moved during the transaction and it
is decremented only when the transaction has been
completed successfully.

The maximum value software can write into this field is
0x5000 (5 x 4 kB) for the maximum number of bytes five page
pointers can access. Although it is possible to create a
transfer up to 20 kB this assumes that the first offset into the
first page is zero. When the offset cannot be predetermined,
crossing past the fifth page can be guaranteed by limiting the
total bytes to 16 kB. Therefore, the maximum recommended
Total-Bytes = 16 kB (0x4000).

If Total_bytes = 0 when the host controller fetches this
transfer descriptor and the active bit is set in the Status field
of this dTD, the device controller executes a zero-length
transaction and retires the dTD.

Remark: For IN transfers, it is not a requirement that
Total_bytes is an even multiple of Max_packet_length. If
software builds such a dTD, the last transaction will always be
less than Max_packet_length.

Interrupt on complete

This bit is used to indicate if USBINT will be set when the
device controller is finished with this dTD.

1 - USBINT set.
0 - USBINT not set.
reserved
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Table 143. dTD token ...continued

Access  Bit Name Description

RO 11:10 MultO Multiplier Override (see Section 8-7.2.1 for an example)
This field can be used for transmit ISOs to override the MULT
field in the dQH. This field must be zero for all packet types
that are not transmit-1SO.
00 - Execute N transactions as demonstrated by the USB
variable length protocol where N is computed using
Max_packet_length and the Total_bytes field in the dTD.
01 - Execute one transaction
10 - Execute two transactions
11 - Execute three transactions
Remark: Non-ISO and Non-TX endpoints must set
MultO="00".

9:8 - reserved
R/W 7:0 Status Status

This field is used by the device controller to communicate
individual execution states back to the software. This field
contains the status of the last transaction performed on this
dTD.

Bit 7 = 1 - status: Active

Bit 6 = 1 - status: Halted

Bit 5 = 1 - status: Buffer Error

Bit 4 - reserved

Bit 3 = 1 - status: Transaction Error
Bit 2 - reserved

Bit 1 - reserved

Bit O - reserved

Table 144. dTD buffer page pointer list

Access Bit Name Description
RO 31:12 BUFF_P Selects the page offset in memory for the packet buffer.
Non-virtual memory systems will typically set the buffer
pointers to a series of incrementing integers.
page 0O: CURR_OFFSs Offset into the 4 kB buffer where the packet is to begin.
11:0
page 1: FRAME_N Written by the device controller to indicate the frame
10:0 number in which a packet finishes. This is typically

used to correlate relative completion times of packets
on an isochronous endpoint.

7.2.1 Determining the number of packets for Isochronous IN endpoints

The following examples show how the MULT field in the dQH and the MultO in the dTD
are used to control the number of packets sent in an In-transaction for an isochronous

endpoint:

Example 1

MULT = 3; Max_packet_size = 8; Total bytes = 15; MultO = 0 (default)

UM10315
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In this case three packets are sent: Data2 (8 bytes), Datal (7 bytes), DataO (0 bytes).
Example 2

MULT = 3; Max_packet_size = 8; Total_bytes = 15; MultO = 2

In this case two packets are sent: Datal (8 bytes), Data0 (7 bytes).

To optimize efficiency for IN transfers, software should compute MultO = greatest integer
of (Total_bytes/Max_packet_size). If Total_bytes = 0, then MultO should be 1.

8. Device operational model

UM10315

8.1

The function of the device operation is to transfer a request in the memory image to and
from the Universal Serial Bus. Using a set of linked list transfer descriptors, pointed to by
a queue head, the device controller will perform the data transfers. The following sections
explain the use of the device controller from the device controller driver (DCD)
point-of-view and further describe how specific USB bus events relate to status changes
in the device controller programmer's interface.

Device controller initialization

After hardware reset, the device is disabled until the Run/Stop bit is setto a ‘1'. In the
disabled state, the pull-up on the USB_DM is not active which prevents an attach event
from occurring. At a minimum, it is necessary to have the queue heads setup for endpoint
zero before the device attach occurs. Shortly after the device is enabled, a USB reset will
occur followed by setup packet arriving at endpoint 0. A Queue head must be prepared so
that the device controller can store the incoming setup packet.

In order to initialize a device, the software should perform the following steps:

1. Set Controller Mode in the USBMODE register to device mode.

Remark: Transitioning from host mode to device mode requires a device controller
reset before modifying USBMODE.

2. Allocate and Initialize device queue heads in system memory (see Section 8-7).
Minimum: Initialize device queue heads 0 Tx & 0 Rx.

Remark: All device queue heads associated with control endpoints must be initialized
before the control endpoint is enabled. Non-Control device queue heads must be
initialized before the endpoint is used and not necessarily before the endpoint is
enabled.

3. Configure ENDPOINTLISTADDR Pointer (see Section 8—4.2.6).
4. Enable the microprocessor interrupt associated with the USB-HS core.

Recommended: enable all device interrupts including: USBINT, USBERRINT, Port
Change Detect, USB Reset Received, DCSuspend (see Table 8-108).

5. Set Run/Stop bit to Run Mode.

After the Run bit is set, a device reset will occur. The DCD must monitor the reset
event and adjust the software state as described in the Bus Reset section of the
following Port State and Control section below.
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Remark: Endpoint O is designed as a control endpoint only and does not need to be
configured using ENDPTCTRLO register.

It is also not necessary to initially prime Endpoint O because the first packet received will
always be a setup packet. The contents of the first setup packet will require a response in
accordance with USB device framework command set (see USB Specification Rev. 2.0,
chapter 9).

8.2 Port state and control

From a chip or system reset, the device controller enters the powered state. A transition
from the powered state to the attach state occurs when the Run/Stop bit is set to a ‘1.
After receiving a reset on the bus, the port will enter the defaultFS or defaultHS state in
accordance with the reset protocol described in Appendix C.2 of the USB Specification
Rev. 2.0. The following state diagram depicts the state of a USB 2.0 device.
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Fig 25. Device state diagram

The states powered, attach, default FS/HS, suspend FS/HS are implemented in the
device controller and are communicated to the DCD using the following status bits:
¢ DCSuspend - see Table 8-106.
* USB reset received - see Table 8-106.
* Port change detect - see Table 8-106.
* High-speed port - see Table 8—-124.
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It is the responsibility of the DCD to maintain a state variable to differentiate between the
DefaultFS/HS state and the Address/Configured states. Change of state from Default to
Address and the configured states is part of the enumeration process described in the
device framework section of the USB 2.0 Specification.

As a result of entering the Address state, the device address register (DEVICEADDR)
must be programmed by the DCD.

Entry into the Configured indicates that all endpoints to be used in the operation of the
device have been properly initialized by programming the ENDPTCTRLX registers and
initializing the associated queue heads.

Bus reset

A bus reset is used by the host to initialize downstream devices. When a bus reset is
detected, the device controller will renegotiate its attachment speed, reset the device
address to 0, and notify the DCD by interrupt (assuming the USB Reset Interrupt Enable
is set). After a reset is received, all endpoints (except endpoint 0) are disabled and any
primed transactions will be cancelled by the device controller. The concept of priming will
be clarified below, but the DCD must perform the following tasks when a reset is received:

* Clear all setup token semaphores by reading the ENDPTSETUPSTAT register and
writing the same value back to the ENDPTSETUPSTAT register.

Clear all the endpoint complete status bits by reading the ENDPTCOMPLETE register
and writing the same value back to the ENDPTCOMPLETE register.

Cancel all primed status by waiting until all bits in the ENDPTPRIME are 0 and then
writing OXFFFFFFFF to ENDPTFLUSH.

Read the reset bit in the PORTSCx register and make sure that it is still active. A USB
reset will occur for a minimum of 3 ms and the DCD must reach this point in the reset
cleanup before end of the reset occurs, otherwise a hardware reset of the device
controller is recommended (rare).

Remark: A hardware reset can be performed by writing a one to the device controller
reset bit in the USBCMD reset. Note: a hardware reset will cause the device to detach
from the bus by clearing the Run/Stop bit. Thus, the DCD must completely re-initialize
the device controller after a hardware reset.

* Free all allocated dTDs because they will no longer be executed by the device
controller. If this is the first time the DCD is processing a USB reset event, then it is
likely that no dTDs have been allocated. At this time, the DCD may release control
back to the OS because no further changes to the device controller are permitted until
a Port Change Detect is indicated.

¢ After a Port Change Detect, the device has reached the default state and the DCD
can read the PORTSCXx to determine if the device is operating in FS or HS mode. At
this time, the device controller has reached normal operating mode and DCD can
begin enumeration according to the USB2.0 specification Chapter 9 - Device
Framework.

Remark: The device DCD may use the FS/HS mode information to determine the
bandwidth mode of the device.
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In some applications, it may not be possible to enable one or more pipes while in FS
mode. Beyond the data rate issue, there is no difference in DCD operation between FS
and HS modes.

8.4 Suspend/resume

8.4.1 Suspend

In order to conserve power, USB devices automatically enter the suspended state when
the device has observed no bus traffic for a specified period. When suspended, the USB
device maintains any internal status, including its address and configuration. Attached
devices must be prepared to suspend at any time they are powered, regardless of if they
have been assigned a non-default address, are configured, or neither Bus activity may
cease due to the host entering a suspend mode of its own. In addition, a USB device shall
also enter the suspended state when the hub port it is attached to is disabled.

A USB device exits suspend mode when there is bus activity. A USB device may also
request the host to exit suspend mode or selective suspend by using electrical signaling to
indicate remote wakeup. The ability of a device to signal remote wakeup is optional. If the
USB device is capable of remote wakeup signaling, the device must support the ability of
the host to enable and disable this capability. When the device is reset, remote wakeup
signaling must be disabled.

8.4.1.1 Operational model

The device controller moves into the suspend state when suspend signaling is detected or
activity is missing on the upstream port for more than a specific period. After the device
controller enters the suspend state, the DCD is notified by an interrupt (assuming DC
Suspend Interrupt is enabled). When the DCSuspend bit in the PORTSCx is setto a ‘1,
the device controller is suspended.

DCD response when the device controller is suspended is application specific and may
involve switching to low power operation. Information on the bus power limits in suspend
state can be found in USB 2.0 specification.

8.4.2 Resume

If the device controller is suspended, its operation is resumed when any non-idle signaling
is received on its upstream facing port. In addition, the device can signal the system to
resume operation by forcing resume signaling to the upstream port. Resume signaling is
sent upstream by writing a ‘1’ to the Resume bit in the in the PORTSCx while the device is
in suspend state. Sending resume signal to an upstream port should cause the host to
issue resume signaling and bring the suspended bus segment (one more devices) back to
the active condition.

Remark: Before resume signaling can be used, the host must enable it by using the Set
Feature command defined in device framework (chapter 9) of the USB 2.0 Specification.
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8.5 Managing endpoints

8.5.1

The USB 2.0 specification defines an endpoint, also called a device endpoint or an
address endpoint as a uniquely addressable portion of a USB device that can source or
sink data in a communications channel between the host and the device. The endpoint
address is specified by the combination of the endpoint number and the endpoint
direction.

The channel between the host and an endpoint at a specific device represents a data
pipe. Endpoint O for a device is always a control type data channel used for device
discovery and enumeration. Other types of endpoints support by USB include bulk,
interrupt, and isochronous. Each endpoint type has specific behavior related to packet
response and error handling. More detail on endpoint operation can be found in the USB
2.0 specification.

The LPC315x supports up to four endpoints.

Each endpoint direction is essentially independent and can be configured with differing
behavior in each direction. For example, the DCD can configure endpoint 1-IN to be a bulk
endpoint and endpoint 1- OUT to be an isochronous endpoint. This helps to conserve the
total number of endpoints required for device operation. The only exception is that control
endpoints must use both directions on a single endpoint number to function as a control
endpoint. Endpoint 0 is, for example, is always a control endpoint and uses the pair of
directions.

Each endpoint direction requires a queue head allocated in memory. If the maximum of 4
endpoint numbers, one for each endpoint direction are being used by the device
controller, then 8 queue heads are required. The operation of an endpoint and use of
queue heads are described later in this document.

Endpoint initialization

After hardware reset, all endpoints except endpoint zero are un-initialized and disabled.
The DCD must configure and enable each endpoint by writing to configuration bit in the
ENDPTCTRLX register (see Table 8—136). Each 32-bit ENDPTCTRLX is split into an
upper and lower half. The lower half of ENDPTCTRLX is used to configure the receive or
OUT endpoint and the upper half is likewise used to configure the corresponding transmit
or IN endpoint. Control endpoints must be configured the same in both the upper and
lower half of the ENDPTCTRLX register otherwise the behavior is undefined. The
following table shows how to construct a configuration word for endpoint initialization.

Table 145. Device controller endpoint initialization

Field Value
Data Toggle Reset 1
Data Toggle Inhibit 0
Endpoint Type 00 - control
01 - isochronous
10 - bulk
11 - interrupt
Endpoint Stall 0
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Stalling

There are two occasions where the device controller may need to return to the host a
STALL:

1. The first occasion is the functional stall, which is a condition set by the DCD as
described in the USB 2.0 device framework (chapter 9). A functional stall is only used
on non-control endpoints and can be enabled in the device controller by setting the
endpoint stall bit in the ENDPTCTRLX register associated with the given endpoint and
the given direction. In a functional stall condition, the device controller will continue to
return STALL responses to all transactions occurring on the respective endpoint and
direction until the endpoint stall bit is cleared by the DCD.

2. A protocol stall, unlike a function stall, is used on control endpoints is automatically
cleared by the device controller at the start of a new control transaction (setup phase).
When enabling a protocol stall, the DCD should enable the stall bits (both directions)
as a pair. A single write to the ENDPTCTRLX register can ensure that both stall bits
are set at the same instant.

Remark: Any write to the ENDPTCTRLX register during operational mode must preserve
the endpoint type field (i.e. perform a read-modify-write).

Table 146. Device controller stall response matrix

USB packet Endpoint Effect on USB response
STALL bit STALL bit

SETUP packet received by a non-control N/A None STALL

endpoint.

IN/OUT/PING packet received by a 1 None STALL

non-control endpoint.

IN/OUT/PING packet received by a 0 None ACK/NAK/NYET

non-control endpoint.

SETUP packet received by a control endpoint. N/A Cleared ACK

IN/OUT/PING packet received by a control 1 None STALL

endpoint.

IN/OUT/PING packet received by a control 0 None ACK/NAK/NYET

endpoint.

Data toggle

Data toggle is a mechanism to maintain data coherency between host and device for any
given data pipe. For more information on data toggle, refer to the USB 2.0 specification.

Data toggle reset

The DCD may reset the data toggle state bit and cause the data toggle sequence to reset
in the device controller by writing a ‘1’ to the data toggle reset bit in the ENDPTCTRLX
register. This should only be necessary when configuring/initializing an endpoint or
returning from a STALL condition.

Data toggle inhibit

Remark: This feature is for test purposes only and should never be used during normal
device controller operation.
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Setting the data toggle Inhibit bit active (‘1’) causes the device controller to ignore the data
toggle pattern that is normally sent and accept all incoming data packets regardless of the
data toggle state. In normal operation, the device controller checks the DATAO/DATAL bit
against the data toggle to determine if the packet is valid. If Data PID does not match the
data toggle state bit maintained by the device controller for that endpoint, the Data toggle
is considered not valid. If the data toggle is not valid, the device controller assumes the
packet was already received and discards the packet (hot reporting it to the DCD). To
prevent the host controller from re-sending the same packet, the device controller will
respond to the error packet by acknowledging it with either an ACK or NYET response.

Operational model for packet transfers

All transactions on the USB bus are initiated by the host and in turn, the device must
respond to any request from the host within the turnaround time stated in the USB 2.0
Specification. At USB 1.1 Full or Low Speed rates, this turnaround time was significant
and the USB 1.1 device controllers were designed so that the device controller could
access main memory or interrupt a host protocol processor in order to respond to the USB
1.1 transaction. The architecture of the USB 2.0 device controller must be different
because same methods will not meet USB 2.0 High-speed turnaround time requirements
by simply increasing clock rate.

A USB host will send requests to the device controller in an order that can not be precisely
predicted as a single pipeline, so it is not possible to prepare a single packet for the device
controller to execute. However, the order of packet requests is predictable when the
endpoint number and direction is considered. For example, if endpoint 3 (transmit
direction) is configured as a bulk pipe, then we can expect the host will send IN requests
to that endpoint. This device controller is designed in such a way that it can prepare
packets for each endpoint/direction in anticipation of the host request. The process of
preparing the device controller to send or receive data in response to host initiated
transaction on the bus is referred to as “priming” the endpoint. This term will be used
throughout the following documentation to describe the device controller operation so the
DCD can be designed properly to use priming. Further, note that the term “flushing” is
used to describe the action of clearing a packet that was queued for execution.

Priming transmit endpoints

Priming a transmit endpoint will cause the device controller to fetch the device transfer
descriptor (dTD) for the transaction pointed to by the device queue head (dQH). After the
dTD is fetched, it will be stored in the dQH until the device controller completes the
transfer described by the dTD. Storing the dTD in the dQH allows the device controller to
fetch the operating context needed to handle a request from the host without the need to
follow the linked list, starting at the dQH when the host request is received. After the
device has loaded the dTD, the leading data in the packet is stored in a FIFO in the device
controller. This FIFO is split into virtual channels so that the leading data can be stored for
any endpoint up to four endpoints.

After a priming request is complete, an endpoint state of primed is indicated in the
ENDPTSTATUS register. For a primed transmit endpoint, the device controller can
respond to an IN request from the host and meet the stringent bus turnaround time of High
Speed USB. Since only the leading data is stored in the device controller FIFO, it is
necessary for the device controller to begin filling in behind leading data after the
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transaction starts. The FIFO must be sized to account for the maximum latency that can
be incurred by the system memory bus. On the LPC315x, 128 x 36 bit dual port memory
FIFOs are used for each IN endpoint.

8.6.2 Priming receive endpoints

Priming receive endpoints is identical to priming of transmit endpoints from the point of
view of the DCD. At the device controller the major difference in the operational model is
that there is no data movement of the leading packet data simply because the data is to
be received from the host. Note as part of the architecture, the FIFO for the receive
endpoints is not partitioned into multiple channels like the transmit FIFO. Thus, the size of
the RX FIFO does not scale with the number of endpoints.

8.7 Interrupt/bulk endpoint operational model

The behaviors of the device controller for interrupt and bulk endpoints are identical. All
valid IN and OUT transactions to bulk pipes will handshake with a NAK unless the
endpoint had been primed. Once the endpoint has been primed, data delivery will
commence.

A dTD will be retired by the device controller when the packets described in the transfer
descriptor have been completed. Each dTD describes N packets to be transferred
according to the USB Variable Length transfer protocol. The formula and table on the
following page describe how the device controller computes the number and length of the
packets to be sent/received by the USB vary according to the total number of bytes and
maximum packet length.

With Zero Length Termination (ZLT) =0

N = INT(Number Of Bytes/Max. Packet Length) + 1
With Zero Length Termination (ZLT) =1

N = MAXINT(Number Of Bytes/Max. Packet Length)

Table 147. Variable length transfer protocol example (ZLT = 0)

Bytes (dTD) Max Packet Length N P1 P2 P3
(dQH)

511 256 2 256 255 -

512 256 3 256 256 0

512 512 2 512 0 -

Table 148. Variable length transfer protocol example (ZLT = 1)

Bytes (dTD) Max Packet N P1 P2 P3
Length (dQH)

511 256 2 256 255 -

512 256 2 256 256 -

512 512 1 512 - -

Remark: The MULT field in the dQH must be set to “00” for bulk, interrupt, and control
endpoints.

TX-dTD is complete when all packets described dTD were successfully transmitted.Total
bytes in dTD will equal zero when this occurs.
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RX-dTD is complete when:

¢ All packets described in dTD were successfully received. Total bytes in dTD will equal
zero when this occurs.

* A short packet (number of bytes < maximum packet length) was received. This is a
successful transfer completion; DCD must check Total Bytes in dTD to determine the
number of bytes that are remaining. From the total bytes remaining in the dTD, the
DCD can compute the actual bytes received.

* Along packet was received (number of bytes > maximum packet size) OR (total bytes
received > total bytes specified). This is an error condition. The device controller will
discard the remaining packet, and set the Buffer Error bit in the dTD. In addition, the
endpoint will be flushed and the USBERR interrupt will become active.

On the successful completion of the packet(s) described by the dTD, the active bit in the
dTD will be cleared and the next pointer will be followed when the Terminate bit is clear.
When the Terminate bit is set, the device controller will flush the endpoint/direction and
cease operations for that endpoint/direction. On the unsuccessful completion of a packet
(see long packet above), the dQH will be left pointing to the dTD that was in error. In order
to recover from this error condition, the DCD must properly reinitialize the dQH by clearing
the active bit and update the nextTD pointer before attempting to re-prime the endpoint.

Remark: All packet level errors such as a missing handshake or CRC error will be retried
automatically by the device controller.

There is no required interaction with the DCD for handling such errors.

Interrupt/bulk endpoint bus response matrix

Table 149. Interrupt/bulk endpoint bus response matrix

Token STALL Not primed Primed Underflow Overflow
type

Setup Ignore  Ignore Ignore n/a n/a

In STALL NAK Transmit BS error n/a

Out STALL  NAK Receive and NYET/ACK n/a NAK
Ping STALL NAK ACK n/a n/a
Invalid Ignore Ignore Ignore Ignore Ignore

[1] BS error = Force Bit Stuff Error

[2] NYET/ACK — NYET unless the Transfer Descriptor has packets remaining according to the USB variable
length protocol then ACK.

[8] SYSERR — System error should never occur when the latency FIFOs are correctly sized and the DCD is
responsive.

Control endpoint operational model

Setup phase

All requests to a control endpoint begin with a setup phase followed by an optional data
phase and a required status phase. The device controller will always accept the setup
phase unless the setup lockout is engaged.
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The setup lockout will engage so that future setup packets are ignored. Lockout of setup
packets ensures that while software is reading the setup packet stored in the queue head,
that data is not written as it is being read potentially causing an invalid setup packet.

In hardware the setup lockout mechanism can be disabled and a new tripwire type
semaphore will ensure that the setup packet payload is extracted from the queue head
without being corrupted by an incoming setup packet. This is the preferred behavior
because ignoring repeated setup packets due to long software interrupt latency would be
a compliance issue.

Setup Packet Handling using setup lockout mechanism

After receiving an interrupt and inspecting USBMODE to determine that a setup packet
was received on a particular pipe:

1. Duplicate contents of dQH.SsetupBuffer into local software byte array.

2. Write '1' to clear corresponding ENDPTSETUPSTAT bit and thereby disabling Setup
Lockout (i.e. the Setup Lockout activates as soon as a setup arrives. By writing to the
ENDPTSETUPSTAT, the device controller will accept new setup packets.).

3. Process setup packet using local software byte array copy and execute
status/handshake phases.

Remark: After receiving a new setup packet the status and/or handshake phases
may still be pending from a previous control sequence. These should be flushed &
deallocated before linking a new status and/or handshake dTD for the most recent
setup packet.

4. Before priming for status/handshake phases ensure that ENDPTSETUPSTAT is ‘0.
The time from writing a ‘1’ to ENDPTSETUPSTAT and reading back a ‘0’ may vary
according to the type of traffic on the bus up to nearly a 1ms, however the it is
absolutely necessary to ensure ENDPTSETUPSTAT has transitioned to ‘0’ after step
1) and before priming for the status/handshake phases.

Remark: To limit the exposure of setup packets to the setup lockout mechanism (if used),
the DCD should designate the priority of responding to setup packets above responding to
other packet completions

8.8.1.2 Setup Packet Handling using trip wire mechanism

* Disable Setup Lockout by writing ‘1’ to Setup Lockout Mode (SLOM) in USBMODE.
(once at initialization). Setup lockout is not necessary when using the tripwire as
described below.

Remark: Leaving the Setup Lockout Mode As ‘0’ will result in pre-2.3 hardware
behavior.

¢ After receiving an interrupt and inspecting ENDPTSETUPSTAT to determine that a
setup packet was received on a particular pipe:

a. Write '1' to clear corresponding bit ENDPTSETUPSTAT.

b. Duplicate contents of dQH.SetupBuffer into local software byte array.
c. Write ‘1’ to Setup Tripwire (SUTW) in USBCMD register.
d

. Read Setup TripWire (SUTW) in USBCMD register. (if set - continue; if cleared - go
to b).

e. Write '0' to clear Setup Tripwire (SUTW) in USBCMD register.
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f. Process setup packet using local software byte array copy and execute
status/handshake phases.

g. Before priming for status/handshake phases ensure that ENDPTSETUPSTAT is
‘0.

* A poll loop should be used to wait until ENDPTSETUPSTAT transitions to ‘0’ after step
a) above and before priming for the status/handshake phases.

* The time from writing a ‘1’ to ENDPTSETUPSTAT and reading back a ‘0’ is very short
(~1-2 us) so a poll loop in the DCD will not be harmful.

Remark: After receiving a new setup packet the status and/or handshake phases may still
be pending from a previous control sequence. These should be flushed & deallocated
before linking a new status and/or handshake dTD for the most recent setup packet.

Data phase

Following the setup phase, the DCD must create a device transfer descriptor for the data
phase and prime the transfer.

After priming the packet, the DCD must verify a new setup packet has not been received
by reading the ENDPTSETUPSTAT register immediately verifying that the prime had
completed. A prime will complete when the associated bit in the ENDPTPRIME register is
zero and the associated bit in the ENDPTSTATUS register is a one. If a prime fails, i.e.
The ENDPTPRIME bit goes to zero and the ENDPTSTATUS bit is not set, then the prime
has failed. This can only be due to improper setup of the dQH, dTD or a setup arriving
during the prime operation. If a new setup packet is indicated after the ENDPTPRIME bit
is cleared, then the transfer descriptor can be freed and the DCD must reinterpret the
setup packet.

Should a setup arrive after the data stage is primed, the device controller will
automatically clear the prime status (ENDPTSTATUS) to enforce data coherency with the
setup packet.

Remark: The MULT field in the dQH must be set to “00” for bulk, interrupt, and control
endpoints.

Remark: Error handling of data phase packets is the same as bulk packets described
previously.

Status phase

Similar to the data phase, the DCD must create a transfer descriptor (with byte length
equal zero) and prime the endpoint for the status phase. The DCD must also perform the
same checks of the ENDPTSETUPSTAT as described above in the data phase.

Remark: The MULT field in the dQH must be set to “00” for bulk, interrupt, and control
endpoints.

Remark: Error handling of data phase packets is the same as bulk packets described
previously.
Control endpoint bus response matrix

Shown in the following table is the device controller response to packets on a control
endpoint according to the device controller state.
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Table 150. Control endpoint bus response matrix

Token Endpoint sate Setup lockout
type
STALL Not primed Primed Underflow Overflow
Setup ACK ACK ACK n/a SYSERR -
In STALL NAK Transmit BS error n/a n/a
Out STALL NAK Receive and n/a NAK n/a
NYET/ACK
Ping STALL NAK ACK n/a n/a n/a
Invalid Ignore Ignore Ignore Ignore Ignore ignore

[1] BS error = Force Bit Stuff Error
[2] NYET/ACK — NYET unless the Transfer Descriptor has packets remaining according to the USB variable
length protocol then ACK.

[8] SYSERR — System error should never occur when the latency FIFOs are correctly sized and the DCD is
responsive.

Isochronous endpoint operational model

Isochronous endpoints are used for real-time scheduled delivery of data, and their
operational model is significantly different than the host throttled Bulk, Interrupt, and
Control data pipes. Real time delivery by the device controller is accomplished by the
following:

¢ Exactly MULT Packets per (micro) Frame are transmitted/received. Note: MULT is a
two-bit field in the device Queue Head. The variable length packet protocol is not
used on isochronous endpoints.

* NAK responses are not used. Instead, zero length packets are sent in response to an
IN request to an unprimed endpoints. For unprimed RX endpoints, the response to an
OUT transaction is to ignore the packet within the device controller.

* Prime requests always schedule the transfer described in the dTD for the next (micro)
frame. If the ISO-dTD is still active after that frame, then the 1ISO-dTD will be held
ready until executed or canceled by the DCD.

An EHCI compatible host controller uses the periodic frame list to schedule data
exchanges to Isochronous endpoints. The operational model for device mode does not
use such a data structure. Instead, the same dTD used for Control/Bulk/Interrupt
endpoints is also used for isochronous endpoints. The difference is in the handling of the
dTD.

The first difference between bulk and 1ISO-endpoints is that priming an ISO-endpoint is a
delayed operation such that an endpoint will become primed only after a SOF is received.
After the DCD writes the prime bit, the prime bit will be cleared as usual to indicate to
software that the device controller completed a priming the dTD for transfer. Internal to the
design, the device controller hardware masks that prime start until the next frame
boundary. This behavior is hidden from the DCD but occurs so that the device controller
can match the dTD to a specific (micro) frame.

Another difference with isochronous endpoints is that the transaction must wholly
complete in a (micro) frame. Once an ISO transaction is started in a (micro) frame it will
retire the corresponding dTD when MULT transactions occur or the device controller finds
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a fulfillment condition. The transaction error bit set in the status field indicates a fulfillment
error condition. When a fulfillment error occurs, the frame after the transfer failed to
complete wholly, the device controller will force retire the ISO-dTD and move to the next
ISO-dTD.

It is important to note that fulfillment errors are only caused due to partially completed
packets. If no activity occurs to a primed ISO-dTD, the transaction will stay primed
indefinitely. This means it is up to software discard transmit ISO-dTDs that pile up from a
failure of the host to move the data. Finally, the last difference with ISO packets is in the
data level error handling. When a CRC error occurs on a received packet, the packet is
not retried similar to bulk and control endpoints. Instead, the CRC is noted by setting the
Transaction Error bit and the data is stored as usual for the application software to sort
out.

TX packet retired

* MULT counter reaches zero.
¢ Fulfilment Error [Transaction Error bit is set].
e # Packets Occurred > 0 AND # Packets Occurred < MULT.
Remark: For TX-ISO, MULT Counter can be loaded with a lesser value in the dTD

Multiplier Override field. If the Multiplier Override is zero, the MULT Counter is initialized to
the Multiplier in the QH.

RX packet retired

e MULT counter reaches zero.
* Non-MDATA Data PID is received.

Remark: Exit criteria only valid in hardware version 2.3 or later. Previous to hardware
version 2.3, any PID sequence that did not match the MULT field exactly would be
flagged as a transaction error due to PID mismatch or fulfillment error.

* Overflow Error:
— Packet received is > maximum packet length. [Buffer Error bit is set].
— Packet received exceeds total bytes allocated in dTD. [Buffer Error bit is set].
* Fulfillment error [Transaction Error bit is set]:
# Packets Occurred > 0 AND # Packets Occurred < MULT.
* CRC Error [Transaction Error bit is set]
Remark: For ISO, when a dTD is retired, the next dTD is primed for the next frame. For

continuous (micro) frame to (micro) frame operation the DCD should ensure that the dTD
linked-list is out ahead of the device controller by at least two (micro) frames.

Isochronous pipe synchronization

When it is necessary to synchronize an isochronous data pipe to the host, the (micro)
frame number (FRINDEX register) can be used as a marker. To cause a packet transfer to
occur at a specific (micro) frame number [N], the DCD should interrupt on SOF during
frame N-1. When the FRINDEX=N-1, the DCD must write the prime bit. The device
controller will prime the isochronous endpoint in (micro) frame N-1 so that the device
controller will execute delivery during (micro) frame N.
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Remark: Priming an endpoint towards the end of (micro) frame N-1 will not guarantee
delivery in (micro) frame N. The delivery may actually occur in (micro) frame N+1 if device
controller does not have enough time to complete the prime before the SOF for packet N
is received.

8.9.2 Isochronous endpoint bus response matrix

Table 151. Isochronous endpoint bus response matrix

Token STALL Not primed Primed Underflow Overflow
type
Setup  STALL  STALL STALL n/a n/a
In NULL NULL packet  Transmit BS error n/a

packet
Out Ignore  Ignore Receive n/a Drop packet
Ping Ignore Ignore Ignore Ignore Ignore
Invalid Ignore Ignore Ignore Ignore Ignore

[1] BS error = Force Bit Stuff Error
[2] NULL packet = Zero length packet.

8.10 Managing queue heads

Endpoint Queue Heads
dQH

Endpoint Transfer
Descriptors dTD

Endpoint dQH1 - Out

- pointer TRANSFER
EndpointdQHO-In  |—— dTD | BUFFER
Endpoint dQHO - Out |—>  dTD | d1D transfer buffer
. pointer
. . transfer buffer TRANSFER
R . pointer BUFFER

f ff
trans er buffer TRANSFER
pointer BUFFER
> dTD transfer buffer

TRANSFER
BUFFER

ENDPOINTLISTADDR

Fig 26. Endpoint queue head diagram

The device queue head (dQH) points to the linked list of transfer tasks, each depicted by
the device Transfer Descriptor (dTD). An area of memory pointed to by
ENDPOINTLISTADDR contains a group of all dQH’s in a sequential list as shown

Figure 8—26. The even elements in the list of dQH’s are used for receive endpoints
(OUT/SETUP) and the odd elements are used for transmit endpoints (IN/INTERRUPT).
Device transfer descriptors are linked head to tail starting at the queue head and ending at
a terminate bit. Once the dTD has been retired, it will no longer be part of the linked list
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from the queue head. Therefore, software is required to track all transfer descriptors since
pointers will no longer exist within the queue head once the dTD is retired (see
Section 8-8.11.1).

In addition to the current and next pointers and the dTD overlay examined in section
Operational Model For Packet Transfers, the dQH also contains the following parameters
for the associated endpoint: Multiplier, Maximum Packet Length, Interrupt On Setup. The
complete initialization of the dQH including these fields is demonstrated in the next
section.

Queue head initialization
One pair of device queue heads must be initialized for each active endpoint. To initialize a
device queue head:
* Write the wMaxPacketSize field as required by the USB Chapter 9 or application
specific protocol.

* Write the multiplier field to O for control, bulk, and interrupt endpoints. For ISO
endpoints, set the multiplier to 1,2, or 3 as required bandwidth and in conjunction with
the USB Chapter 9 protocol. Note: In FS mode, the multiplier field can only be 1 for
ISO endpoints.

* Write the next dTD Terminate bit field to “1”.
* Write the Active bit in the status field to “0”.
* Write the Halt bit in the status field to “0”.

Remark: The DCD must only modify dQH if the associated endpoint is not primed and
there are no outstanding dTD’s.

Operational model for setup transfers

As discussed in section Control Endpoint Operational Model (Section 8-8.8), setup
transfer requires special treatment by the DCD. A setup transfer does not use a dTD but
instead stores the incoming data from a setup packet in an 8-byte buffer within the dQH.

Upon receiving notification of the setup packet, the DCD should handle the setup transfer
as demonstrated here:
1. Copy setup buffer contents from dQH - RX to software buffer.

2. Acknowledge setup backup by writing a “1” to the corresponding bit in
ENDPTSETUPSTAT.

Remark: The acknowledge must occur before continuing to process the setup packet.

Remark: After the acknowledge has occurred, the DCD must not attempt to access
the setup buffer in the dQH — RX. Only the local software copy should be examined.

3. Check for pending data or status dTD’s from previous control transfers and flush if any
exist as discussed in section Flushing/De-priming an Endpoint.

Remark: It is possible for the device controller to receive setup packets before
previous control transfers complete. Existing control packets in progress must be
flushed and the new control packet completed.

4. Decode setup packet and prepare data phase [optional] and status phase transfer as
require by the USB Chapter 9 or application specific protocol.
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8.11 Managing transfers with transfer descriptors

8.11.1 Software link pointers

It is necessary for the DCD software to maintain head and tail pointers to the linked list of
dTDs for each respective queue head. This is necessary because the dQH only maintains
pointers to the current working dTD and the next dTD to be executed. The operations
described in next section for managing dTD will assume the DCD can use reference the
head and tail of the dTD linked list.

Remark: To conserve memory, the reserved fields at the end of the dQH can be used to
store the Head & Tail pointers but it still remains the responsibility of the DCD to maintain
the pointers.

Head Pointer current Tail Pointer

Endpoint
QH

%/_/ \ y J

completed dTDs queued dTDs

Fig 27. Software link pointers

8.11.2 Building a transfer descriptor

Before a transfer can be executed from the linked list, a dTD must be built to describe the
transfer. Use the following procedure for building dTDs:

Allocate 8-DWord dTD block of memory aligned to 8-DWord boundaries. Example: bit
address 4.0 would be equal to “00000".

Write the following fields:

Initialize first 7 DWords to O.

Set the terminate bit to “1”.

Fill in total bytes with transfer size.

Set the interrupt on complete if desired.

o 0on e

Initialize the status field with the active bit set to “1” and all remaining status bits set to
“0”_
Fill in buffer pointer page 0 and the current offset to point to the start of the data buffer.

o

7. Initialize buffer pointer page 1 through page 4 to be one greater than each of the
previous buffer pointer.
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8.11.3 Executing a transfer descriptor

8.11.4

To safely add a dTD, the DCD must follow this procedure which will handle the event
where the device controller reaches the end of the dTD list at the same time a new dTD is
being added to the end of the list.

Determine whether the link list is empty: Check DCD driver to see if pipe is empty (internal
representation of linked-list should indicate if any packets are outstanding).

Link list is empty

1. Write dQH next pointer AND dQH terminate bit to O as a single DWord operation.
2. Clear active and halt bits in dQH (in case set from a previous error).
3. Prime endpoint by writing ‘1’ to correct bit position in ENDPTPRIME.

Link list is not empty

Add dTD to end of the linked list.

Read correct prime bit in ENDPTPRIME — if ‘1’ DONE.

Set ATDTW bit in USBCMD register to ‘1'.

Read correct status bit in ENDPTSTAT. (Store in temp variable for later).
Read ATDTW bit in USBCMD register.

— If‘0’ go to step 3.

S

— If *1’ continue to step 6.
6. Write ATDTW bit in USBCMD register to ‘0.

7. If status bit read in step 4 (ENDPSTAT reg) indicates endpoint priming is DONE
(corresponding ERBRx or ETBRXx is one): DONE.

8. If status bit read in step 4 is 0 then go to Linked list is empty: Step 1.

Transfer completion

After a dTD has been initialized and the associated endpoint primed the device controller
will execute the transfer upon the host-initiated request. The DCD will be notified with a
USB interrupt if the Interrupt On Complete bit was set or alternately, the DCD can poll the
endpoint complete register to find when the dTD had been executed. After a dTD has
been executed, DCD can check the status bits to determine success or failure.

Remark: Multiple dTD can be completed in a single endpoint complete notification. After
clearing the notification, DCD must search the dTD linked list and retire all dTDs that have
finished (Active bit cleared).

By reading the status fields of the completed dTDs, the DCD can determine if the
transfers completed successfully. Success is determined with the following combination of
status bits:

Active =0

Halted =0

Transaction Error = 0

Data Buffer Error =0
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Should any combination other than the one shown above exist, the DCD must take proper
action. Transfer failure mechanisms are indicated in the Device Error Matrix (see
Table 8-152).

In addition to checking the status bit, the DCD must read the Transfer Bytes field to
determine the actual bytes transferred. When a transfer is complete, the Total Bytes
transferred is decremented by the actual bytes transferred. For Transmit packets, a
packet is only complete after the actual bytes reaches zero, but for receive packets, the
host may send fewer bytes in the transfer according the USB variable length packet
protocol.

Flushing/De-priming an endpoint

It is necessary for the DCD to flush to de-prime one more endpoints on a USB device
reset or during a broken control transfer. There may also be application specific
requirements to stop transfers in progress. The following procedure can be used by the
DCD to stop a transfer in progress:

1. Write a ‘1’ to the corresponding bit(s) in ENDPTFLUSH.
2. Wait until all bits in ENDPTFLUSH are ‘0.

Remark: Software note: This operation may take a large amount of time depending
on the USB bus activity. It is not desirable to have this wait loop within an interrupt
service routine.

3. Read ENDPTSTAT to ensure that for all endpoints commanded to be flushed, that the
corresponding bits are now ‘0’. If the corresponding bits are ‘1’ after step #2 has
finished, then the flush failed as described in the following:

In very rare cases, a packet is in progress to the particular endpoint when
commanded flush using ENDPTFLUSH. A safeguard is in place to refuse the flush to
ensure that the packet in progress completes successfully. The DCD may need to
repeatedly flush any endpoints that fail to flush by repeating steps 1-3 until each
endpoint is successfully flushed.

Device error matrix

The Table 8-152 summarizes packet errors that are not automatically handled by the
Device Controller.

The following errors can occur:

Overflow: Number of bytes received exceeded max. packet size or total buffer length.
This error will also set the Halt bit in the dQH, and if there are dTDs remaining in the
linked list for the endpoint, then those will not be executed.

ISO packet error: CRC Error on received ISO packet. Contents not guaranteed to be
correct.

ISO fulfillment error: Host failed to complete the number of packets defined in the dQH
mult field within the given (micro) frame. For scheduled data delivery the DCD may need
to readjust the data queue because a fulfillment error will cause Device Controller to
cease data transfers on the pipe for one (micro) frame. During the “dead” (micro) frame,
the Device Controller reports error on the pipe and primes for the following frame
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Table 152. Device error matrix

Error Direction Packet type Data buffer error Transaction
bit error bit

Overflow Rx Any 1 0

ISO packet error  Rx ISO 0 1

ISO fulfillment Both ISO 0 1

error

Servicing interrupts

The interrupt service routine must consider that there are high-frequency, low-frequency
operations, and error operations and order accordingly.

High-frequency interrupts

High frequency interrupts in particular should be handed in the order below. The most
important of these is listed first because the DCD must acknowledge a setup buffer in the
timeliest manner possible.

Table 153. High-frequency interrupt events

Execution order Interrupt Action

la USB interrupt: Copy contents of setup buffer and acknowledge
ENDPTSETUPSTATUS setup packet (as indicated in Section 8-8.10).
1 Process setup packet according to USB 2.0 Chapter

9 or application specific protocol.

1b USB interrupt: Handle completion of dTD as indicated in
ENDPTCOMPLETE  Section 8-8.10.

2 SOF interrupt Action as deemed necessary by application. This

interrupt may not have a use in all applications.

[1] Iltis likely that multiple interrupts to stack up on any call to the Interrupt Service Routine AND during
the Interrupt Service Routine.

Low-frequency interrupts

The low frequency events include the following interrupts. These interrupt can be handled
in any order since they don’t occur often in comparison to the high-frequency interrupts.

Table 154. Low-frequency interrupt events

Interrupt Action
Port change Change software state information.
Sleep enable (Suspend) Change software state information. Low power

handling as necessary.

Reset Received Change software state information. Abort
pending transfers.

Error interrupts

Error interrupts will be least frequent and should be placed last in the interrupt service
routine.
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Table 155. Error interrupt events

Interrupt Action

USB error interrupt ~ This error is redundant because it combines USB Interrupt and an error
status in the dTD. The DCD will more aptly handle packet-level errors by
checking dTD status field upon receipt of USB Interrupt (w/
ENDPTCOMPLETE).

System error Unrecoverable error. Inmediate Reset of core; free transfers buffers in
progress and restart the DCD.

9. USB power optimization

UM10315

9.1

The USB-HS core is a fully synchronous static design. The power used by the design is
dependent on the implementation technology used to fabricate the design and on the
application usage of the core. Applications that transfer more data or use a greater
number of packets to be sent will consume a greater amount of power.

Because the design is synchronous and static, power may be conserved by reducing the
transitions of the clock net. This may be done in several ways.

1. Reduce the clock frequency to the core. The clock frequency may not be reduced
below the minimum recommended operating frequency of the core without first
disabling the USB operation.

2. Reduce transition on the clock net through the use of clock gating methods. (The
LPC315x is synthesized using this mechanism).

3. The clock may be shut off to the core entirely to conserve power. Again this may only
be done after the USB operations on the bus have been disabled.

A device may suspend operations autonomously by disconnecting from the USB, or, in
response to the suspend signaling, the USB has moved it into the suspend state. A host
can suspend operation autonomously, or it can command portions or the entire USB to
transition into the suspend state.

USB power states

The USB provides a mechanism to place segments of the USB or the entire USB into a
low-power suspend state. USB bus powered devices are required to respond to a 3ms
lack of activity on the USB bus by going into a suspend state. In the USB-HS core
software is notified of the suspend condition via the transition in the PORTSC register.
Optionally an interrupt can be generated which is controlled by the port change Detect
Enable bit in the USBINTR control register. Software then has 7 ms to transition a bus
powered device into the suspend state. In the suspend state, a USB device has a
maximum USB bus power budget of 500uA. In general, to achieve that level of power
conservation, most of the device circuits will need to be switched off, or clock at an
extremely low frequency. This can be accomplished by suspending the clock.

The implementation of low power states in the USB-HS core is dependant on the use of
the device role (host or peripheral), whether the device is bus powered, and the selected
clock architecture of the core.
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Bus powered peripheral devices are required by the USB specification to support a low
power suspend state. Self powered peripheral devices and hosts set their own power
management strategies based on their system level requirements. The clocking
architecture selected is important to consider as it determines what portions of the design
will remain active when transitioned into the low power state.

Before the system clock is suspended or set to a frequency that is below the operational
frequency of the USB-HS core, the core must be moved from the operational state to a

low power state. The power strategies designed into the USB-HS core allow for the most
challenging case, a self powered device that is clocked entirely by the transceiver clock.

9.2 Device power states

A bus powered peripheral device must move through the power states as directed by the
host. Optionally autonomously directed low power states may be implemented.

Host directed Autonomous

operational

3ms

dle Low-power

request

resume
interrupt
received

prepare
for
Suspend

user-defined
wakeup
EEEEEEEN

SW sets
Suspend bit

SW sets
Suspend bit
EEE EEEEEEENR

disconnect
Suspend

Suspend

Lock power states
(clock may be suspended)

Resume

user-defined
wakeup

h 4

start
Resume

Fig 28. Device power state diagram

In the operational state both the transceiver clock and system clocks are running.
Software can initiate a low power mode autonomously by disconnecting from the host to
go into the disconnect state. Once in this state, the software can set the Suspend bit to
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turn off the transceiver clock putting the system in to the disconnect-suspend state. Since
software cannot depend on the presents of a clock to clear the Suspend bit, a wakeup
event must be defined which would clear the Suspend bit and allow the transceiver clock
to resume.

The device can also go into suspend mode as a result of a suspend command from the
host. Suspend is signaled on the bus by 3ms of idle time on the bus. This will generate a
suspend interrupt to the software at which point the software must prepare to go into
suspend then set the suspend bit. Once the Suspend bit is set the transceiver clock may
turn off and the device will be in the suspended state. The device has two ways of getting
out of suspend.

1. If remote wake-up is enabled, a wakeup event could be defined which would clear the
Suspend bit. The software would then initiate the resume by setting the Resume bit in
the port controller then waiting for a port change interrupt indicating that the port is in
an operational state.

2. If the host puts resume signaling on the bus, it will clear the Suspend bit and generate
a port change interrupt when the resume is finished.

In either case the system designer must insure an orderly restoration of the power and
clocks to the suspended circuitry.
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9.3 Host power states

operational
all devices
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Low-power
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Suspend

wait for
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disconnect
Suspend

Suspend

user-defined
wakeup

connect
interrupt

Resume or

K-state Reset

on bus
Lock power states
(clock may be suspended)
Wait
Resume

Fig 29. Host/OTG power state diagram

From an operational state when a host gets a low power request, it must set the suspend
bit in the port controller. This will put an idle on the bus, block all traffic through the port,
and turn off the transceiver clock. There are two ways for a host controller to get out of the
suspend state. If it has enabled remote wake-up, a K-state on the bus will turn the
transceiver clock and generate an interrupt. The software will then have to wait 20 ms for
the resume to complete and the port to go back to an active state. Alternatively an
external event could clear the suspend bit and start the transceiver clock running again.
The software can then initiate a resume by setting the resume bit in the port controller, or
force a reconnect by setting the reset bit in the port controller.

If all devices have disconnected from the host, the host can go into a low power mode by
the software setting the suspend bit. From the disconnect-suspend state a connect event
would start the transceiver clock and interrupt the software. The software would then need
to set the reset bit to start the connect process.
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9.4 Susp_CTRL module

The SUSP_CTRL module implements the power management logic of USB-OTG. It
controls the suspend input of the transceiver. Asserting this suspend signal will put the
transceiver in suspend mode and the generation of the 30 MHz clock and 60 MHz clock
will be switched off.

A suspend control input of the transceiver (otg_on) that was previously tied high and
prevented the transceiver to go into full suspend mode, has been connected to bit O of the
USB_OTG_CFG register in the SYSCREG module (see Table 27-544). This bit is low by
default and only needs to be set high in OTG Host mode operation.

In suspend mode, the transceiver will raise an output signal indicating that the PLL
generating the 480 MHz clock can be switched off.

The SUSP_CTRL module also generates an output signal indicating whether the AHB
clock is needed or not. If '0' the AHB clock is allowed to be switched off or reduced in
frequency in order to save power.

The core will enter the low power state if:
¢ Software sets the PORTSC.PHCD bit.

When operating in host mode, the core will leave the low power state on one of the
following conditions:

¢ software clears the PORTSC.PHCD bit

* adevice is connected and the PORTSC.WKCN bit is set

* adevice is disconnected an the PORTSC.WKDC bit is set

* an over-current condition occurs and the PORTSC.WKOC bit is set

¢ aremote wake-up from the attached device occurs (when USB bus was in suspend)

¢ the extra external user wake-up input is asserted (active low). This input is controlled
by the USB_OTG_CFG register in the SYSCREG module (see Table 27-544).

¢ achange on vbusvalid occurs (= VBUS threshold at 4.4 V is crossed)

* achange on bvalid occurs (=VBUS threshold at 4.0 V is crossed).
When operating in device mode, the core will leave the low power state on one of the
following conditions:

* software clears the PORTSC.PHCD bit.

* achange on the USB data lines (dp/dm) occurs.

¢ the extra external user wake-up input is asserted (active low). This input is controlled
by a register in the sys_creg.

¢ achange on vbusvalid occurs (= VBUS threshold at 4.4 V is crossed).
¢ achange on bvalid occurs (= VBUS threshold at 4.0 V is crossed).

The vbusvalid and bvalid signals coming from the transceiver are not filtered in the
SUSP_CTRL module. Any change on those signals will cause a wake-up event.
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Input signals 'host_wakeup_n' and 'dev_wakeup_n' are extra external wake-up signals
(for host mode and device mode respectively). However the detection of all USB related
wake-up events is already handled in the SUSP_CTRL mode. Therefore in normal
situations these signals can be tied high (= inactive).

Important note: it should be noted that the USB PLL cannot generate the required 480
MHz clock when the power supply is 0.9 V. In order to be able to generate 480 MHz, the
supply level should be above 1.05 V.
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The DMA Controller (DMA) can perform DMA transfers on the AHB bus without using the

CPU.

1.1 Features

The DMA module supports the following features:

* Supported transfer types:

— Memory to Memory copy: Memory can be copied from the source address to the
destination address with a specified length, while incrementing the address for

both the source and destination.

— Memory to peripheral: Data is transferred from incrementing memory to a fixed
address of a peripheral. The flow is controlled by the peripheral.

— Peripheral to memory: Data is transferred from a fixed address of a peripheral to
incrementing memory. The flow is controlled by the peripheral.

¢ Supports single data transfers for all transfer types.

* Supports burst transfers for memory-to-memory transfers with following constraints:

— A burst always consists of multiples of 4 (32-bit) words

— Source and destination address have to be 4 words aligned for burst transfers

* The DMA controller has 12 channels

¢ Scatter gather possibility. This method is used to gather data which is located at
different areas of memory. Two channels are needed per scatter gather action.

* Supports byte, half word and word transfers, and correctly aligns it over the AHB bus.

¢ Compatible with ARM flow control, for single requests (sreq), last single requests
(Isreq), terminal count info (tc) and dma clearing (clr).

* Supports swapping in endianess of the transported data for file reading / MP3

decoding purposes.

Table 156. Peripherals that support DMA access

Peripheral name
NAND-flash controller

SPI

LCD
UART

12C M/S

ISRAM/IROM

Supported Transfer Types

Memory to memory. NAND flow control is
supported on channel 4 only.

Peripheral to memory and peripheral to
memory

Memory to peripheral

Memory to peripheral and peripheral to
memory

Memory to peripheral and peripheral to
memory

Memory to memory
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Table 156. Peripherals that support DMA access

Peripheral name Supported Transfer Types

I2SRX_0/1 Peripheral to memory

12STX_0/1 Memory to peripheral

PCM interface Memory to peripheral and peripheral to
memory

Will do memory to-memory copies in 2 AHB cycles, and mem to peripheral or
peripheral to mem in 3 AHB cycles (When zero waitstates of internal memory).

Performance increase of burst transfers (with use of internal SRAM) compared to
non-burst transfers will be about 30%.

Contains masks for each IRQ input/source.

Uses "HPROT' of the AHB bus for buffer disabling for peripheral transfers and the last
DMA transfer.

Most of the Flip-flops of the DMA are static like source, destination, control and length
registers. These can be put on a gated clock-domain to conserve power.

Supports external enabling of DMA channels, so other sources than the CPU can
enable one or more DMA channels.

External enabling possible for NAND flash Controller through channel 4.

2. General description

2.1

Interface description

2.1.1 Clock signals

Table 157. Clock Signals of the DMA Module

Clock Name Acronym 1/0 Source/ Description
Destination
DMA_PCLK | CGU This is the clock the DMA operates on. This is the clock for
both the APB and AHB bus.
DMA_CLK _GATED CLK _GATED | CGU Gated clock of PCLK. This clock is the same as PCLK, but it

may be disabled during the inactive periods of the APB bus
towards the DMA to reduce power. The clock disabling is
done through the CGU, not in the DMA block. Clock gating is
done on the active period of PSEL. CLK_GATED has to be
synchronous with PCLK.

UM10315

2.1.2 Bus interface

213

The DMA module has an APB connection for register access.

The DMA module has a AHB bus connection connected to the multi layer AHB. Through
this bus interface, the DMA data transfers are executed.

Interrupt request signals

The DMA module provides one interrupt request signal to the interrupt controller. The
interrupt signal indicates when a channel is finished more than half-way, a soft interrupt, or
a DMA abort.

© NXP B.V. 2012. All rights reserved.

User manual

Rev. 1 — 8 June 2012 194 of 644



NXP Semiconductors

UM10315

UM10315

214

2.1.5

Reset Signals

Chapter 9: LPC315x DMA controller

The CGU provides a synchronous reset signal to the DMA. It resets the whole DMA.

Internal signals of the DMA module

Table 158. DMA Signals of the DMA Module

Name Type
SDMA_SREQ |
SDMA_LREQ |
SDMA_TC @)
SDMA_CLR @)

SDMA_EXT_ENABLE |

SDMA_EXT_ENABLE_ACK O

Description

Signals going from DMA slaves, which is used for
flow control.

0 = the DMA slave is not ready for single transfer
request’

1 = the DMA slave has data available / can accept
data.

Signals going from DMA slaves, which is used for
flow control.

0 = the DMA slave is not ready for last transfer

1 = the DMA slave has just indicated a last
transfer can be performed.

Signals going to DMA slaves, which is used for
flow control.

0 = performed transfer was not the last transfer.

1 = performed transfer was the last transfer.This
signal is not used in the LPC315x.

If the slave supports DMA flow control, this signal
is used to indicate to the slave that the single word
/ half word / byte transfer is complete, so the slave
can restart a the request handshake.

0 = means the transfer is not complete
1 = means the transfer is complete.

Signals arriving from external hardware that can
also enable a DMA channel. Each bit corresponds
to an equivalent SDMA channel. These signals
may be generated on a different clock
domain.External enabling only flash possible for
NAND flash Controller. Channel 4 is used for this.

The acknowledge of the external enabling, when a
channels has finished its transfer. Each bit
corresponds to a equivalent DMA channel.If this
signal will be used on a different clock domain, the
receiving side must take care of the
clock-crossing. External enabling only possible for
NAND flash Controller. Channel 4 is used for this.
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Table 159. Register overview: DMA controller (base address 0x1700 0000)

Name

Channel O registers
SOURCE ADDRESS
DESTINATION_ADDRESS
TRANSFER_LENGTH
CONFIGURATION
ENABLE

<reserved>

TRANSFER_COUNTER
Channel 1 registers
SOURCE ADDRESS
DESTINATION_ADDRESS
TRANSFER_LENGTH
CONFIGURATION
ENABLE

<reserved>

TRANSFER_COUNTER
Channel 2 registers
SOURCE ADDRESS
DESTINATION_ADDRESS
TRANSFER_LENGTH
CONFIGURATION
ENABLE

<reserved>

TRANSFER_COUNTER
Channel 3 registers
SOURCE ADDRESS
DESTINATION_ADDRESS
TRANSFER_LENGTH
CONFIGURATION
ENABLE

<reserved>

TRANSFER_COUNTER
Channel 4 registers
SOURCE ADDRESS
DESTINATION_ADDRESS

R/W Address

R/W
R/W
R/W
R/W
R/W

R/W

R/W
R/W
R/W
R/W
R/W

R/W

R/W
R/W
R/W
R/W
R/W

R/W

R/W
R/W
R/W
R/W
R/W

R/W

R/W
R/W

Offset

0x000
0X004
0X008
0x00C
0x010

0x014 —
0x018

0x01C

0x020
0X024
0X028
0x02C
0x030

0x034 —
0x038

0x03C

0x040
0X044
0X048
0x04C
0x050

0x054 —
0x058

0x05C

0x060
0X064
0X068
0x06C
0x070

0x074 —
0x078

0x07C

0x080
0X084

Description

Source address register of channel 0
Destination address register of channel O
Transfer length register for channel 0
Configuration register for channel 0
Enable register for channel 0

Reserved

Transfer counter register for channel O

Source address register of channel 1
Destination address register of channel 1
Transfer length register for channel 1
Configuration register for channel 1
Enable register for channel 1

Reserved for channel 1

Transfer counter register for channel 1

Source address register of channel 2
Destination address register of channel 2
Transfer length register for channel 2
Configuration register for channel 2
Enable register for channel 2

Reserved for channel 2

Transfer counter register for channel 2

Source address register of channel 3
Destination address register of channel 3
Transfer length register for channel 3
Configuration register for channel 3
Enable register for channel 3

Reserved for channel 3

Transfer counter register for channel 3

Source address register of channel 4
Destination address register of channel 4
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Table 159. Register overview: DMA controller (base address 0x1700 0000)

Name

TRANSFER_LENGTH
CONFIGURATION
ENABLE

<reserved>

TRANSFER_COUNTER
Channel 5 registers
SOURCE ADDRESS
DESTINATION_ADDRESS
TRANSFER_LENGTH
CONFIGURATION
ENABLE

<reserved>

TRANSFER_COUNTER
Channel 6 registers
SOURCE ADDRESS
DESTINATION_ADDRESS
TRANSFER_LENGTH
CONFIGURATION
ENABLE

<reserved>

TRANSFER_COUNTER
Channel 7 registers
SOURCE ADDRESS
DESTINATION_ADDRESS
TRANSFER_LENGTH
CONFIGURATION
ENABLE

<reserved>

TRANSFER_COUNTER
Channel 8 registers
SOURCE ADDRESS
DESTINATION_ADDRESS
TRANSFER_LENGTH
CONFIGURATION
ENABLE

<reserved>

R/W

R/W
R/W
R/W

R/W

R/W
R/W
R/W
R/W
R/W

R/W

R/W
R/W
R/W
R/W
R/W

R/W

R/W
R/W
R/W
R/W
R/W

R/W

R/W
R/W
R/W
R/W
R/W

Address
Offset

0X088
0x08C
0x090

0x094 —
0x098

0x09C

0x0A0
0X0A4
0X0A8
O0xO0AC
0x0BO

0x0B4 —
0x0B8

0x0BC

0x0CO0
0XoC4
0X0C8
0xoCC
0x0DO0

0x0D4 —
0x0D8

0x0DC

OxOEO
0XOE4
OXOES8
OxOEC
0xO0FO0

Ox0F4 —
OxOF8

O0xOFC

0x100
0X104
0X108
0x10C
0x110

0x114 —
0x118

Description

Transfer length register for channel 4
Configuration register for channel 4
Enable register for channel 4
Reserved for channel 4

Transfer counter register for channel 4

Source address register of channel 5
Destination address register of channel 5
Transfer length register for channel 5
Configuration register for channel 5
Enable register for channel 5

Reserved for channel 5

Transfer counter register for channel 5

Source address register of channel 6
Destination address register of channel 6
Transfer length register for channel 6
Configuration register for channel 6
Enable register for channel 6

Reserved for channel 6

Transfer counter register for channel 6

Source address register of channel 7
Destination address register of channel 7
Transfer length register for channel 7
Configuration register for channel 7
Enable register for channel 7

Reserved for channel 7

Transfer counter register for channel 7

Source address register of channel 8
Destination address register of channel 8
Transfer length register for channel 8
Configuration register for channel 8
Enable register for channel 8

Reserved for channel 8

© NXP B.V. 2012. All rights reserved.

User manual

Rev. 1 — 8 June 2012

197 of 644



NXP Semiconductors

UM10315

UM10315

Chapter 9: LPC315x DMA controller

Table 159. Register overview: DMA controller (base address 0x1700 0000)

Name

TRANSFER_COUNTER
Channel 9 registers
SOURCE ADDRESS
DESTINATION_ADDRESS
TRANSFER_LENGTH
CONFIGURATION
ENABLE

<reserved>

TRANSFER_COUNTER
Channel 10 registers
SOURCE ADDRESS
DESTINATION_ADDRESS
TRANSFER_LENGTH
CONFIGURATION
ENABLE

<reserved>

TRANSFER_COUNTER
Channel 11 registers
SOURCE ADDRESS
DESTINATION_ADDRESS
TRANSFER_LENGTH
CONFIGURATION
ENABLE

<reserved>

TRANSFER_COUNTER

Alternate Channel O registers
ALT_SOURCE_ADDRESS
ALT_DESTINATION_ADDRESS

ALT_TRANSFER_LENGTH

ALT_CONFIGURATION
Alternate Channel 1 registers
ALT_SOURCE_ADDRESS
ALT_DESTINATION_ADDRESS

R/W

R/W

R/W
R/W
R/W
R/W
R/W

R/W

R/W
R/W
R/W
R/W
R/W

R/W

R/W
R/W
R/W
R/W
R/W

R/W

Address
Offset

0x11C

0x120
0X124
0X128
0x12C
0x130

0x134 —
0x138

0x13C

0x140
0X144
0X148
0x14C
0x150

0x154 —
0x158

0x15C

0x160
0X164
0X168
0x16C
0x170

0x174 —
0x178

0x17C
0x180 —
Ox1FC

0x200
0x204

0x208

0x20C

0x210
0x214

Description

Transfer counter register for channel 8

Source address register of channel 9
Destination address register of channel 9
Transfer length register for channel 9
Configuration register for channel 9
Enable register for channel 9

Reserved for channel 9

Transfer counter register for channel 9

Source address register of channel 10
Destination address register of channel 10
Transfer length register for channel 10
Configuration register for channel 10
Enable register for channel 10

Reserved for channel 10

Transfer counter register for channel 10

Source address register of channel 11
Destination address register of channel 11
Transfer length register for channel 11
Configuration register for channel 11
Reserved for channel 11

Reserved for channel 11

Transfer counter register for channel 11
Reserved

Alt source address register for channel 0

Alt destination address register for channel
0

Alt transfer length address register for
channel 0

Alt configuration register for channel 0

Alt source address register for channel 1

Alt destination address register for channel
1
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Table 159. Register overview: DMA controller (base address 0x1700 0000)

Name

ALT_TRANSFER_LENGTH

ALT_CONFIGURATION
Alternate Channel 2 registers
ALT_SOURCE_ADDRESS
ALT_DESTINATION_ADDRESS

ALT_TRANSFER_LENGTH

ALT_CONFIGURATION
Alternate Channel 3 registers
ALT_SOURCE_ADDRESS
ALT_DESTINATION_ADDRESS

ALT_TRANSFER_LENGTH

ALT_CONFIGURATION
Alternate Channel 4 registers
ALT_SOURCE_ADDRESS
ALT_DESTINATION_ADDRESS

ALT_TRANSFER_LENGTH

ALT_CONFIGURATION
Alternate Channel 5 registers
ALT_SOURCE_ADDRESS
ALT_DESTINATION_ADDRESS

ALT_TRANSFER_LENGTH

ALT_CONFIGURATION
Alternate Channel 6 registers
ALT_SOURCE_ADDRESS
ALT_DESTINATION_ADDRESS

ALT_TRANSFER_LENGTH

ALT_CONFIGURATION
Alternate Channel 7 registers
ALT_SOURCE_ADDRESS
ALT_DESTINATION_ADDRESS

ALT_TRANSFER_LENGTH

R/W Address
Offset
W  0x218
W  0x21C
W  0x220
W 0x224
W  0x228
W  0x22C
W  0x230
W  0x234
W  0x238
W  0x23C
W 0x240
W 0x244
W 0x248
W  0x24C
W  0x250
W 0x254
W  0x258
W  0x25C
W  0x260
W  0x264
W  0x268
W  0x26C
W  0x270
W 0x274
W  0x278

Description

Alt transfer length address register for
channel 1

Alt configuration register for channel 1

Alt source address register for channel 2

Alt destination address register for channel
2

Alt transfer length address register for
channel 2

Alt configuration register for channel 2

Alt source address register for channel 3

Alt destination address register for channel
3

Alt transfer length address register for
channel 3

Alt configuration register for channel 3

Alt source address register for channel 4

Alt destination address register for channel
4

Alt transfer length address register for
channel 4

Alt configuration register for channel 4

Alt source address register for channel 5

Alt destination address register for channel
5

Alt transfer length address register for
channel 5

Alt configuration register for channel 5

Alt source address register for channel 6

Alt destination address register for channel
6

Alt transfer length address register for
channel 6

Alt configuration register for channel 6

Alt source address register for channel 7

Alt destination address register for channel
7

Alt transfer length address register for
channel 7
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Table 159. Register overview: DMA controller (base address 0x1700 0000)

Name

ALT_CONFIGURATION
Alternate Channel 8 registers
ALT_SOURCE_ADDRESS
ALT_DESTINATION_ADDRESS

ALT_TRANSFER_LENGTH

ALT_CONFIGURATION
Alternate Channel 9 registers
ALT_SOURCE_ADDRESS
ALT_DESTINATION_ADDRESS

ALT_TRANSFER_LENGTH

ALT_CONFIGURATION
Alternate Channel 10 registers
ALT_SOURCE_ADDRESS
ALT_DESTINATION_ADDRESS

ALT_TRANSFER_LENGTH

ALT_CONFIGURATION
Alternate Channel 11 registers
ALT_SOURCE_ADDRESS
ALT_DESTINATION_ADDRESS

ALT_TRANSFER_LENGTH

ALT_CONFIGURATION

Global control registers
ALT_ENABLE
IRQ_STATUS_CLEAR
IRQ_MASK
TEST_FIFO_RESP_STATUS
SOFT_INT

R/W Address
Offset
W  0x27C
W  0x280
W  0x284
W  0x288
W  0x28C
W  0x290
W  0x294
W  0x298
W  0x29C
W  0x2A0
W  0x2A4
W  0x2A8
W  O0x2AC
W  0x2BO0
W  0x2B4
W  0x2B8
W  0x2BC
0x2C0 —
Ox3FC
R/W 0x400
R/W 0x404
R/W 0x408
R 0x40C
W  0x410

Description

Alt configuration register for channel 7

Alt source address register for channel 8

Alt destination address register for channel
8

Alt transfer length address register for
channel 8

Alt configuration register for channel 8

Alt source address register for channel 9

Alt destination address register for channel
9

Alt transfer length address register for
channel 9

Alt configuration register for channel 9

Alt source address register for channel 10

Alt destination address register for channel
10

Alt transfer length address register for
channel 10

Alt configuration register for channel 10

Alt source address register for channel 11

Alt destination address register for channel
11

Alt transfer length address register for
channel 11

Alt configuration register for channel 11
reserved

Alternative enable register

IRQ status clear register

IRQ mask register

Test FIFO response status register
Software interrupt register
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4. Register description

4.1 Channel registers 0to 11

Table 160. SOURCE_ADDRESS (addresses 0x1700 0000 (channel 0) to 0x1700 0160 (channel

11))
Bit Symbol Access Reset Description
Value
31:0 Source address R/W 0x0 This register contains the address from where the

data is read from. This data will remain static
during all memory transfers, and can only be
changed by re-programming.

Table 161. DESTINATION_ADDRESS (addresses 0x1700 0004 (channel 0) to 0x1700 0164
(channel 11))

Bit Symbol Access Reset Description
Value
31:0 Destination address R/W 0x0 This register contains the address to where the

data is written to. This data will remain static
during all memory transfers, and can only be
changed by re-programming.

Table 162. TRANSFER_LENGTH (addresses 0x1700 0008 (channel 0) to 0x1700 0168
(channel 11))

Bit Symbol Access Reset Value Description
31:21 - - 0x0 Reserved
20:0 Transferlength R/W Ox1FFFFF This register contains the amount of cycles to

transfer. This can be bytes, half-words or
words. This data will remain static throughout
the memory transfer, and can only be changed
by re-programming.

The number of transfers performed is: <The
number programmed in this register> + 1

If for example 0x100 is programmed in this
register, a total of 0x101 transfers will be done.
Current maximum is 2048K transfers.

Note: If burst transfer is configured in the
CONFIGURATION register, than the
TRANFER_LENGTH register will determine
the amount of burst transfers. Note: one burst
transfer will contain a transfer of 4 words.

If the transfer length programmed is O (which means 1 transfer of byte/half word/word/or
burst of 4 word), the interrupt halfway is not generated.
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Table 163. CONFIGURATION (addresses 0x1700 000C (channel 0) to 0x1700 016C (channel 11))

Bit Symbol Access Reset Value Description
31:19 - R 0x0 Reserved
18 CIRCULAR_BUFFER R/W 0x0 When this bit is set, the enable bit inside the enable

register will never be cleared, and the channel will keep
looping. However the CPU can still be interrupted at the
end of each loop and halfway each loop.

This is a good alternative to channel-companions, since
this technique requires only one channel to be enabled,
saving channels

17 COMPANION_CHANNEL_EN R/W 0x0 If this bit is set, the channel number programmed inside
ABLE the copy_companion_channel_n bits will be enabled at the

end of the current transfer.

16 - R 0x0 Reserved

15:13 COMPANION_CHANNEL_NR R/W 0x0 If the companion_channel_enable bit is set, the channel
number programmed in this register will be enabled when
the current channel has finished transfer.
This allows also the use of a linked-list / scatter-gather
method. See Section 9-5.2.

12 INVERT_ENDIANESS R/W 0x0 0x0: no endianess inversion while transferring
0x1: In this setting the endianess of the word, or half-word
is switched. This is for instance required for MP3 decoding
from PC-files.
If the transfer is word aligned, then:
Byte 3 and byte 0 are swapped
Byte 2 and byte 1 are swapped
If the transfer is half-word aligned then:
Byte 1 of the half-word is swapped with byte 0
Note: It is allowed to use the same source and destination
address to change the endianess of the data without
copying it to a different location.
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Table 163. CONFIGURATION (addresses 0x1700 000C (channel 0) to 0x1700 016C (channel 11)) ...continued
Bit Symbol Access Reset Value Description
11:10 TRANSFER_SIZE R/W 0x0 This register contains the size of each transfer:
0x0: Transfer of words
0x1: Transfer of half-words
0x2: Transfer of bytes.

0x3: Transfer of bursts

If half-words or bytes are used, these will be correctly
aligned over the AHB bus.

9:5 READ_SLAVE_NR R/W 0x0 When 0x0 is written to this register, means that the
transfer is unconditional for each read, and the
read-address is incremented each read-cycle.

If a number higher than 0x0 is programmed here, then
flow control is used for the status of that specific
slave-FIFO pin, decremented by 1. The address is NOT
incremented for each write, so the same FIFO is read from
each time. Use the pin number listed in Table 9-177 to
use the flow control of the peripherals.

So if a peripheral is connected to pin 3 of the DMA, and
flow control for this slave will be used, then 0x4 must be
programmed for these bits (0x3 + 1)

4.0 WRITE_SLAVE_NR R/W 0x0 When 0x0 is written to this register, means that the
transfer is unconditional for each write, and the
write-address is incremented each write-cycle.

If a number higher than 0x0 is programmed here, then
flow control for each write is used, checking for the status
of that specific slave-FIFO pin, decremented by 1.

The address is NOT incremented for each write, so the
same FIFO is written each time. Use the pin number listed
in Table 9-177 to use the flow control of the peripherals.

Example: if a peripheral is connected to pin 2 of the DMA,
and flow control for this slave must be used, then 0x3 must
be programmed (0x2 + 1 = 0x3)

Table 164. ENABLE (addresses 0x1700 0010 (channel 0) to 0x1700 0170 (channel 11))

Bit Symbol Access Reset Value Description
31:1 - - - Reserved
0 enable R/W 0 0x0: disable channel.

0Ox1: enable channel.

This register will be automatically be
disabled when the transfer is finished, OR
when the slave has indicated the last
transfer using 'SDMA_LSREQ". If the
transfer is disabled by the CPU in the
middle of a transfer, software might want
to reset the counter, by writing to the
"TRANSFER_COUNTER' register of that
channel. Counter should be reset even if
the DMA was stopped because ‘LSREQ'
was active.
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Table 165. TRANSFER_COUNTER (addresses 0x1700 001C (channel 0) to 0x1700 017C
(channel 11))

Bit Symbol Access Reset Value Description
31:21 - - 0x0 Reserved
20:0  Transfer Counter R/W 0x0 Reading this register returns the current

counter status of the channel.

The counter starts at "0' and ends at the
length programmed in the “length’
register.When a transfer is finished, the
counter is reset to "0'.

When a transfer is stopped by a slave, by
using the 'SDMA_LSREQ' signal, the
counter indicates the amount of transfers
performed.Writing this register resets the
counter to "0".

Example: If this counter reads 0x100,
then 0x101 transfers have been
performed.

Note: If a channel is disabled in the
middle of a transfer by the CPU, OR the
counter was stopped by using the
"SDMA_LSREQ', then writing to this
register is the only method of resetting the
counterto "0".

4.2 Alternate channel registers 0 to 11

Table 166. ALT_SOURCE_ADDRESS (addresses 0x1700 0200 (channel 0) to address
0x170002B0 (channel 11))

Bit Symbol Access Reset Value Description

31:0  Source address w 0x0 This register is a mirror of the
SOURCE_ADDRESS register, and can
only be written to.

See Section 9-5.2 for more details.

Table 167. ALT_DESTINATION_ADDRESS (addresses 0x1700 0204 (channel 0) to address
0x170002B4 (channel 11))

Bit Symbol Access Reset Value Description

31:0 Destination address W 0x0 This register is a mirror of the
DESTINATION_ADDRESS register, and
can only be written to.

See Section 9-5.2 for more details.

Table 168. ALT_TRANSFER_LENGTH (addresses 0x1700 0208 (channel 0) to 0x1700 02B8
(channel 11))

Bit Symbol Access Reset Value Description
31:21 - - 0x0 Reserved
20:0  Transfer Length W OxX1FFFFF This register is a mirror of the

TRANSFER_LENGTH register, and can
only be written to.

See Section 9-5.2. for more details.
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Table 169. ALT_CONFIGURATION (addresses 0x1700 020C (channel 0) to 0x1700 02BC

(channel 11))

Bit Symbol

Access Reset Value
31:0 - W 0x0

Description

This register is a mirror of the
CONFIGURATION register, and can only
be written to.

See Section 9-5.2. for more details.

General control registers

Table 170. ALT_ENABLE (address 0x1700 0400)

Bit Symbol
3112 - - -
11:0 ALT_CH_EN R/W 0x0

Access Reset Value

Description
reserved

This register allows enabling and
disabling of multiple channels at the same
time. Each bit represents a channel
number, so

Bit 0 = Channel 0
Bit 1 = Channel 1.etc...

Please use the individual “enable’ register
of each channel, instead of using this
register!

A read-modify-write to this register might
write the wrong data, since there is a
chance the enable register of one of the
channels has updated itself in between
the read-modify-write, because:- it is
either finished,- was activated by a
“copy-table' setting,- or when external
enabling was involved

The IRQ_STATUS_CLR register contains information if a channel has finished its transfer

OR if the channel is halfway.

A bit which has been set can only be cleared by writing a "1' to this bit in this register.

The “finish' bit will only be set when the channel is finished. After clearing, it will only be

set again if the channel finishes again.

The “half-way' bit will only be set when the channel has passed the half of the transfer.
After clearing, this bit will only be set when the channels passes halfway again.

The soft interrupt bit will be set when the SOFT_INT register is written to. This is for
scatter-gather interrupt control: The last transfer of a scatter-gather operation can write
towards this register, so the CPU knows the scatter-gather operation has finished.

The DMA_abort bit will be active if any transfer done by the DMA controller resulted in an

abort on the AHB bus.

Clearing interrupts: Writing a "1' to a bit will clear the interrupt belonging to that bit.
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Table 171. IRQ_STATUS_CLR (address 0x1700 0404)

Bit Symbol Access Reset Value Description

31 DMA_abort DMA abort

30 Soft_interrupt R/W 0x0 Soft interrupt, scatter gather
29:24 - R/W 0x0 reserved

23 Half_way_ 11 R/W 0x0 Channel 11 is more than half-way
22 Finished_11 R/W 0x0 Channel 11 is finished

21 Half_way_10 R/W 0x0 Channel 10 is more than half-way
20 Finished_10 R/W 0x0 Channel 10 is finished

19 Half_way 9 R/W 0x0 Channel 9 is more than half-way
18 Finished_9 R/W 0x0 Channel 9 is finished

17 Half_way 8 R/W 0x0 Channel 8 is more than half-way
16 Finished_8 R/W 0x0 Channel 8 is finished

15 Half_way 7 R/W 0x0 Channel 7 is more than half-way
14 Finished_7 R/W 0x0 Channel 7 is finished

13 Half_way 6 R/W 0x0 Channel 6 is more than half-way
12 Finished_6 R/W 0x0 Channel 6 is finished

11 Half_way 5 R/W 0x0 Channel 5 is more than half-way
10 Finished_5 R/W 0x0 Channel 5 is finished

9 Half_way 4 R/W 0x0 Channel 4 is more than half-way
8 Finished_4 R/W 0x0 Channel 4 is finished

7 Half_way_ 3 R/W 0x0 Channel 3 is more than half-way
6 Finished_3 R/W 0x0 Channel 3 is finished

5 Half_way 2 R/W 0x0 Channel 2 is more than half-way
4 Finished_2 R/W 0x0 Channel 2 is finished

3 Half_way 1 R/W 0x0 Channel 1 is more than half-way
2 Finished_1 R/W 0x0 Channel 1 is finished

1 Half_way 0O R/W 0x0 Channel 0 is more than half-way
0 Finished_0 R/W 0x0 Channel 0 is finished

Table 172. IRQ_MASK (address 0x1700 0404)

Bit Symbol Access Reset Value Description

31 IRQ DMA abort 0x1 Mask IRQ of DMA abort

30 IRQ of Soft interrupt 0x1 Mask IRQ of Soft interrupt

is masked

29:24 - - 0x0 Reserved

23 Mask Half way 11 R/W 0x1 Mask Channel 11 is more than half-way
interrupt

22 Mask Finished_11  R/W 0x1 Mask Channel 11 is finished interrupt

21 Mask Half_ way_10 R/W Ox1 Mask Channel 10 is more than half-way
interrupt

20 Mask Finished_10 R/W Ox1 Mask Channel 10 is finished interrupt

19 Mask Half way 9 R/W 0x1 Mask Channel 9 is more than half-way
interrupt
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Table 172. IRQ_MASK (address 0x1700 0404) ...continued

Bit Symbol
18 Mask Finished_9
17 Mask Half_way_8

16 Mask Finished_8
15 Mask Half_way_7

14 Mask Finished_7
13 Mask Half_way_6

12 Mask Finished_6
11 Mask Half_way_5

10 Mask Finished_5
9 Mask Half_way_4

Mask Finished_4
Mask Half_way_3

Mask Finished_3
Mask Half_way_2

Mask Finished_2
Mask Half_way_1

2 Mask Finished_1
Mask Half_way_0

0 Mask Finished_0

Access Reset Value

R/W
R/W

R/W
R/W

R/W
R/W

R/W
R/W

R/W

R/W

R/W

Ox1
0ox1

Ox1
Ox1

Ox1
0ox1

0ox1
Ox1

0ox1
Ox1

0ox1
Ox1

Ox1
0ox1

Ox1
0ox1

0Ox1
0ox1

Ox1

Description
Mask Channel 9 is finished interrupt

Mask Channel 8 is more than half-way
interrupt

Mask Channel 8 is finished interrupt

Mask Channel 7 is more than half-way
interrupt

Mask Channel 7 is finished interrupt

Mask Channel 6 is more than half-way
interrupt

Mask Channel 6 is finished interrupt

Mask Channel 5 is more than half-way
interrupt

Mask Channel 5 is finished interrupt

Mask Channel 4 is more than half-way
interrupt

Mask Channel 4 is finished interrupt

Mask Channel 3 is more than half-way
interrupt

Mask Channel 3 is finished interrupt

Mask Channel 2 is more than half-way
interrupt

Mask Channel 2 is finished interrupt

Mask Channel 1 is more than half-way
interrupt

Mask Channel 1 is finished interrupt

Mask Channel 0 is more than half-way
interrupt

Mask Channel 0 is finished interrupt

Table 173. TEST_FIFO_RESP_STAT (address 0x1700 0408)

Bit Symbol

Access Reset Value

31:0 TEST_FIFO_RESP R

_STAT

0

Description
Test register only.
Not useful for functional operation.

This register reads out the exact status of
the FIFO-response pins going towards
the DMA. Bit 30-0 represents the
connected SREQ signals. By reading this
register, it can be tested if the SREQ pins
are correctly connected on a system
level.

© NXP B.V. 2012. All rights reserved.

User manual

Rev. 1 — 8 June 2012

207 of 644



NXP Semiconductors UM10315

Chapter 9: LPC315x DMA controller

Table 174. SOFT_INT (address 0x1700 040C)

Bit Symbol Access Reset Value Description

31.0 - - 0 Reserved

0 Enable_soft_interrupt R/W 0 Writing to this bit will enable the
soft_interrupt IRQ, in the IRQ status
register.

This register exists purely for linked-list,
so the last transfer can be a write towards
this address. This way the CPU knows
exactly when a scatter-gather operation is
finished.

5. Functional description

UM10315

5.1 Channel arbitration

If the dma contains more than 1 channel (in our case 12 channels), arbitration is required
so that each channel gets equal access over the AHB bus.

The channels are checked in a round-robin (circular) motion. First channel O receives a
transfer, then 1, then 2... then 0 again and so forth.

When the current transfer is finished, the next channel will be checked first. The arbitration
goes like this:

I F (next channel = enabled)
[F (memto-mem Current_channel = this channel
else IF (peripheral to mem OR (memto peripheral) OR (peripheral to peripheral)
If (selected peripheral(s) = ready) Current_channel = this channel
El se IF (next channel + 1 = enabled)
[F (memto-mem Current_channel = this channel
el se I'F (peripheral to mem OR (memto peripheral) OR (peripheral to peripheral)
[f (selected peripheral(s) = ready) Current_channel = this channel
El se IF (next channel + 2 = enabled)
El se Current _channel = UNCHANGED

A new channel is known within a single clock-cycle. Every new AHB cycle the channels
are re-arbitrated. As soon as a channel is ready to start a transfer, this channel gets
access, and arbitration will continue from this point.

5.2 Scatter gathering / Building a linked-list

Scatter gathering is a method where data is located in lots of different areas of memory
and needs to be “gathered' to one location as a whole. This might be mem to mem, but
also mem/peripheral combinations.

In memory, the CPU can program a linked-list which consists of source, destination and
length entries. Each entry will be executed as if a channel was programmed by these
values and started, in a sequential order.

The dma supports a linked-list by using 2, sequential, channels.

The first channel will execute the contents of the linked list.
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The second channel will perform the updating of the linked list entry.

The way it is implemented in the dma, is that the dma actually re-programs one of its own
channels (the previous one), replacing the contents of a channel with the contents of the
linked-list, then enables this channel.

A linked-list entry consists of 5 words. The first 4 words reprograms the first DMA channel
(the one that executes the contents of the link-list). The fifth word overwrites the source
address of the current DMA channel, thus updating the linked list entry to the next
location. See the dma register map: the ALT_addresses.

The fifth word will overwrite the source address of the next channel.
See: Table 9-175

Table 175. Linked List Example

Address Label Remark#

n=0: Source address n 0

LINKED_LIST_BASE_ADDESS + n*0x14 + 0x0

n*0x14 + 0x4 Destination address n

n*0x14 + Ox8 Transfer Length n

n*0x14 + Oxc Configuration n 1

n*0x14 + 0x10 Linked_list_Base_addres Addr next entry
s + (n+1)*0x14

(n+1)*0x14 + 0x0 Source address (n+1)

(n+1)*0x14 + Ox4 Destination address (n+1)

(n+1)*0x14 + 0x8 Transfer Length (n+1)

(n+1)*0x14 + Oxc Configuration (n+1)

(n+1)*0x14 + 0x10 Linked_list_Base_addres

s + (n+2)*0x14
- Room for more entries 2
Last_entry (Method 1). Finish list transfer:

y=last entry number: (n+y)*0x14 + 0x0 Source address (n+y)

(n+y)*0x14 + 0x4 Destination address (n+y)

(n+y)*0x14 + 0x8 Transfer Length (n+y)

(n+y)*0x14 + Oxc Configuration (n+y) Disable
companion table
option

(n+y)*0x14 + 0x10 0x0 Don't care

Last_entry (Method 2). Implement circular linked list:

y=last entry number: (n+y)*0x14 + 0x0 Source address (n+y)

(n+y)*0x14 + Ox4 Destination address (n+y)

(n+y)*0x14 + 0x8 Transfer Length (n+y)

(n+y)*0x14 + Oxc Configuration (n+y)

(n+y)*0x14 + 0x10 Linked_list_Base_addres Jump to the start
S of the linked list,
making it a

circular linked list
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Table 175. Linked List Example

Address Label Remark#
Last_entry (Method 3). Generate soft interrupt at the end of transfer: 3
y=last entry number: (n+y)*0x14 + 0x0 <Any readable memory
address>
(n+y)*Ox14 + Ox4 <dma SOFT_INT 4
address>
(n+y)*0x14 + 0x8 0ox1 5
(n+y)*0x14 + OxC 0x0 6
(n+y)*0x14 + 0x10 0x0 Don't care
3

Last_entry (Method 4). Generate soft interrupt and also disentangle the
companion channels.

y=last entry number: (n+y-1)*0x14 + 0 <Any readable memory
address>

(n+y-1)*0x14 + Ox4 <dma SOFT_INT 4
address>

(n+y-1)*0x14 + 0x8

0x1
(n+y-1)*0x14 + OxC <word transfer +
Enable_next_table>
(n+y-1)*0x14 + 0x10 Linked_List_Base_addres Addr last entry
S + (n+y)*0x14
y=last entry number: (n+y)*0x14 + Ox0 Source address y
(n+y)*0x14 + 0x4 Destination address y
(n+y)n*0x14 + 0x8 Transfer Length y
(n+y)*0x14 + Oxc Configuration y Disable
companion table
option
(n+y)*0x14 + 0x10 0x0 Don't care

Remark: 0: n = Channel entry number.

Remark: 1: The configuration register can be programmed any way the programmers
likes it, but should always have the ‘companion channel' set to the next channel, or
otherwise the linked-list execution stops. An exception in this case is when the
programmer wants to stop the linked list execution (for instance in case of the last entry)

Remark: 2: As many entries can be set here as the programmer would like, each entry
consuming 20 bytes of local memory. Remember that every entry has 5 addresses, and
that address 5 contains the address of the following entry.

Remark: 3: This last entry will soft-interrupt the DMA controller, so the CPU knows the
last transfer has finished. The source address is “don’t care', but preferably a memory
mapped location (like SRAM).

Remark: 4: The destination address is the soft-interrupt register of this DMA controller.

Remark: 5: Length "1' is sufficient
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Remark: 6: This setting disables companion-channels, so basically this is the last
transfer.

Remark: 7: The “enable companion channel' option must be set, since there is stilll
transfer left.

Ending a linked-list transfer inside the linked list

The last entry of a linked list is a special one. In the example linked-list, there are 4
methods described how to end the linked list transfer:

Method 1 - Just stop the linked list, by disabling the copy-table-enabling in the config
setting.

This can be done for instance if the CPU is not interested in an IRQ on this event.

Method 2 - Re-start the linked list by pointing the last pointer back to the beginning of the
linked list, effectively creating a circular buffer made out of linked list entries.

Method 3 - Write towards the DMA soft interrupt register, which enables the CPU to be
interrupted, so that it can act on the event that a linked-list has ended.

Method 4 - This is a combination of 1 and 3. Now the CPU gets a soft interrupt 1 entry
before the last entry is executed.

Method x - Whatever suits the application.

To start a linked-list operation

* Program into memory the linked-list to <linked-list_base_address>.
* Reserve 2 sequential DMA channels/channels.
* Program the second channel as follows:

Table 176. Linked List Example

Source Address <Linked_list_base_address>

Destination address <The alternative source address of the previous
DMA channel>

Transfer Length 0x4 (for 5 addresses per entry)

Configuration DMA_word + enable_companion_channel

(previous channel)
Enable address 0x1 (start the transfer)

Remark: Please make sure that the ALT_SOURCE_REG is used as the destination
address, and not the normal SOURCE_REG.

Ending a linked list transfer in the middle of a linked-list execution
There may be cases where the CPU needs to stop a linked-list from execution. There are
more ways to do this:
1. Brutally stop the execution. This can be done by:
— Enable [first_channel]=0
— Enable [second_channel]=0
— Enable [first_channel]=0
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Now both channels are disabled, and the execution is stopped.
To continue, do the following:

if counter[first_channel] > 0 then
Enabl e[ first _channel] =1

el se
Enabl e[ second_channel] =1

2. Stop the linked-list, but let the current entry finish first.

3. This can be done by read-modify-write the config[second_channel] register, and
disable the “companion channel bit.

4. When this is done, the linked list entry will finish, and a new linked-list entry will be
programmed in the previous channel.

5. However, the first channel will not be enabled, thus stopping the transfer.
6. To continue, do the following:

— read-modify-write the config[second_channel] register, and enable the “companion
channel' bit.

— enableffirst_channel] =1

5.3 DMA flow control

The DMA flow control is compatible to the ARM flow control used in the ARM PL080 and
PLO81 DMA controllers.

Not supported by the DMA is the "Burst Request' and "Last Burst Request' signal, if this
signal indicates a burst of more than one word.

For information about the timing of the DMA flow control, please refer to the ARM PL080
data sheet.

Is allowed for DMA slaves to assert an asynchronous request signal, either slower or
faster than the DMA clock. This is synchronized inside the DMA. Please take care that the
slave may receive an asynchronous ‘DMA_CLR' signal as well, if there is an intention to
use asynchronous clocks.

If a DMA slave is behind a write-buffered bridge or has its own write buffer, this DMA slave
may only de-assert "'SREQ' when the transfer is truly completed. If the slave does not
comply to this rule, then the write-buffered bridge must support the disabling of the
write-buffer by reading the AHB-HPROT[2] signal.

Extra flip-flops are added for the Flow Control signals. This is needed for synchronization
between blocks, which run on an other frequency than the DMA.
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5.4 Connectivity

Table 177. SOFT_INT

Module DMA Source Peripheral Interrupt
Pinl
IPINT/PCM Ipint_tx 0 IP_int tx single request indication
Ipint_rx 1 IP_intO rx single request indication
UART uart_ rx 2 UART rx receive FIFO request
information
uart tx 3 UART tx transmit FIFO request
information
12C0 12c0 i2c0 FIFO DMA request

4

12C1 12c1 5 i2cl FIFO DMA request

12STX0 12STX0_dma_req_left 6 12STXO Left channel DMA request
12STX0_dma_req_right 7 12STXO0 Right channel DMA request

12STX1 12STX1_dma_req_left 8 12STX1 Left channel DMA request
I2STX1_dma_req_right 9 12STX1 Right channel DMA request

I2SRX0 I2SRX0_dma_req_left 10 I2SRXO left channel DMA request
I2SRX0_dma_req_right 11 I2SRXO0 right channel DMA request

I2SRX1 I2SRX1_dma_req_left 12 I2SRX1 left channel DMA request
I2SRX1_dma_req_right 13 I2SRX1 right channel DMA request

- - 14 reserved

- - 15 reserved

LCD lcd_interface_dma_req 16 LCD interface FIFO transmit DMA

interface request

SPI spi_tx_dmareq 17 SPI dma request for transmitting data.
spi_rx_dmareq 18 SPI dma request for receiving data.

SD/MMC  sd_mmc_dmasreq 19 SD_MMC dma request for

transmitting/receiving data.

[1] When programmed, add "0x1' to this number.

5.4.1 Using FIFO level slaves, which have no flow control

The DMA can support FIFO level slaves, with the following rules:

* For a FIFO level slave which is read, the FIFO level must be updated directly after the
read has taken place.

* For a FIFO level slave which is written, the FIFO level must be updated directly after
the write has taken place.If a write-slave is behind a write-buffered bridge, then the
write-buffered bridge must support the disabling of the write-buffer by reading the
AHB-HPROT][2] signal. If this is not done, it is then possible that the DMA sometimes
performs two transfers to the slave in stead of one. This may be acceptable for a
slave, but it is then mandatory the FIFO of this slave can accept two transfers. The
DMA will never exceed its maximal transfer count.

* On top-level connectivity, the FIFO level request signal must be ANDed with the
inverted DMA_CLR[x] signal. This new signal is then connected to the same
numbered DMA_SREQ[x] pin.
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5.5 External enable flow control

Other devices than the CPU can enable a DMA channel by activating one of the
"Ext_Enable' flow control pins.

The DMA has an equal number of these pins available on the DMA top-level as there are
channels available, and each external enable pin-number has a direct connection to its
equivalent DMA channel number. The activation of one of these pins immediately enables
its corresponding DMA channel.

So:

¢ Ext_en[0] can enable channel O;
¢ Ext_en[l1] can enable channel 1;
* Ext_en[2] can enable channel 2;
* Ext_en[3] can enable channel 3;
* Ext_en[4] can enable channel 4;
¢ Ext_en[5] can enable channel 5;
* Ext_en[6] can enable channel 6;
* Ext_en[7] can enable channel 7;
* Ext_en[8] can enable channel 8;
¢ Ext_en[9] can enable channel 9;
* Ext_en[10] can enable channel 10;

¢ Ext_en[11] can enable channel 11;

Table 178. Connections to DMA EXT_EN Pins

Ext_en Connected Device
0 -

1 -

2 -

3 -

4 NAND flash_ctrl DMA_ext_enable
5 -

6 -

7 -

8 -

9 -

10 -

11 -

It uses the following flow control, using Ext_en[4] as an example:
Ext_en[4] is asserted by the NAND flash Controller
The DMA starts channel 4 because of this assertion.

Ext_en[4] must remain asserted until Ext_en_ack[4] is asserted by the DMA.
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The DMA asserts Ext_en_ack[4], when channel 4 is finished with all its transfers.
Ext_en[4] can be de-asserted.

The DMA will de-assert Ext_en_ack[4] because of this.

Another transfer is allowed, and the flow may be restarted.

A DMA channel can only be enabled by this method, not disabled.

If "Ext_en[4]' is asserted, the DMA will only enable channel 4 once. If the transfer is
complete, and Ext_en[4] remains asserted, channel 4 will remain inactive. So a toggle is
required on Ext_en[4] before multiple enables are possible, and this has to be done
according the Ext_en flow control as described above.

It is allowed to have the "Ext_en' signals on different clock domains, so the Nandflash
Controller can run faster or slower than the DMA

The "Ext_en_ack' of a channel is always asserted for at least a single clock-cycle if that
channel is finished, disregarding if Ext_en is asserted or not. Any peripheral can
recognize this way if a channel is finished.

6. Power optimization

UM10315

Further more the module has clock gating. The gated clock CLK_GATED is requested
when necessary. This will be requested as long as there is a transfer going on at the APB
bus to/from the DMA. Setting the external enabling bit of PCR CGU registers of this clock,
enables the clock gating of the this clock.
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The Interrupt Controller (INTC) collects interrupt requests from multiple devices, masks
interrupt requests, and forwards the combined requests to the processor (see

Figure 10-30). The interrupt controller also provides facilities to identify the interrupt
requesting devices to be served.

This module has the following features:

The interrupt controller decodes all the interrupt requests issued by the on-chip

peripherals.

Two interrupt lines (nFIQ, nIRQ) are provided to the to the ARM core. The ARM core
supports two distinct levels of priority on all interrupt sources, nFIQ for high priority

interrupts and nIRQ for normal priority interrupts.

Software interrupt request capability associated with each request input.

Visibility of the interrupt’s request state before masking.
Support for nesting of interrupt service routines.
Interrupts routed to nIRQ and to nFIQ are vectored.

The following blocks can generate interrupts:

Nand flash controller

USB 2.0 HS OTG

Event router

10-bit ADC

UART

LCD

SPI

I12C Master/Slave 0 and 12C Master/Slave 1
Timer0, Timerl, Timer2, and Timer3
12STX_0/1

I2SRX_0/1

DMA

2. General description

UM10315

The Vectored Interrupt Controller (INTC) collects interrupt requests from multiple devices,
masks interrupt requests, and forwards the combined requests to the processor (see
Figure 10-30). The interrupt controller also provides facilities to identify the interrupt
requesting devices to be served.
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The interrupt controller decodes all the interrupt requests issued by the on-chip
peripherals. It supports total 29 interrupt sources and has two outputs (nFIQ, nIRQ). The
ARM core can have two distinct levels of priority on all interrupt sources, nFIQ higher
priority and nIRQ has lower. The interrupt controller shall operate as AHB slave.

Common features are:

* Software interrupt request capability associated to each request input
¢ Visibility of interrupt request state before masking
* Support for nesting of interrupt service routines.

Interrupts routed to nIRQ and to nFIQ are vectored. That is to say that the processor can
execute the interrupt handler corresponding to the current interrupt without testing each
interrupt individually. Thus the software is minimized.

The interrupt vector register contains the index of a specific ISR and an associated priority
limiter value can be delivered if nesting of ISR is to be done.

In this interrupt controller, a set of software accessible variables is provided to control
interrupt request generation. It is essentially used in debug mode.

The interrupt controller supports interrupts, which are level sensitive, asynchronous and
can be active low or high.

Interface description

Clock signals

Table 179. Clock signals of the INTC module

Clock Acronym /O Source/ Description
Name Destination
INTC_CLK CLK | CGU Main clock; identical to AHB CLK

Interrupt request signals

The LPC315x interrupt controller supports 29 interrupt lines as asynchronous interrupt
requests from interrupt devices (level active, any polarity). The INTC provides two outputs
(level active low) to the ARM processor.

Processor Interrupt Request Inputs

The 29 interrupt request input signals are level active (of any polarity) and assumed
glitch-free. They are treated as asynchronous to the interrupt controller clock INT_CLK.
Interrupt requests once asserted, must be kept asserted until served by a software ISR.

Processor Interrupt Request Outputs

Processor interrupt requests are provided as level active output signals glitch-free at both
polarities. Once asserted, processor interrupt request signals stay asserted until the
interrupt device removes the request or the request becomes masked due to some state
change of interrupt controller variables.

The interrupt controller introduces an interrupt latency (measured from assertion of an
interrupt request signal to an assertion of interrupt signal to the CPU of less than 2 clk
periods.
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Reset sighals

Table 180. Reset signals of the INTC module

Type
DTL_MMIO_RST_AN |

Name Description

Reset

The interrupt controller gets as an input a fully asynchronous reset signal (rst_an), which
is internally synchronized to INT_CLK. The state of interrupt controller and bus adapter is
initialized synchronous to clk. The minimum period of active reset (rst_an = 0) is 1 clk
period.

DMA transfer signals

INTC block does not have any interface with the DMA block for DMA functionality.
However, there is an interrupt request signal coming from DMA controller, which is one of
the total 29 interrupts the INTC block receives.

Available interrupts

Table 181. Available Interrupts

Module Interrupt Source Interrupt Interrupt
Number
Event Router CASCADED_IRQ_O 1 Event Router IRQO
CASCADED_IRQ_1 2 Event Router IRQ1
CASCADED_IRQ_2 3 Event Router IRQ2
CASCADED_IRQ_3 4 Event Router IRQ3
TIMERO TIMERO_INTCT 5 Count INT Timer0
TIMER1 TIMER1_INTCT 6 Count INT Timerl
TIMER2 TIMER2_INTCT 7 Count INT Timer2
TIMERS3 TIMER3_INTCT 8 Count INT Timer3
ADC 10 Bit ADC_INT 9 ADC INT
UART UART_INTREQ 10 RECEIVER ERROR FLAG
RECEIVE DATA AVAILABLE
TIME-OUT
TRANSMIT HOLDING EMPTY
I2C0O Master/Slave  12C0O_NINTR 11 TRANSMIT DONE

TRANSMIT ARBITRATION
FAILURE

TRANSMIT NO ACK

MASTER TRANSMITTER DATA
REQUEST

SLAVE TRANSMITTER DATA
REQUEST

RECEIVE FIFO FULL
RECEIVE DATA AVAILABLE
TRANSMIT FIFO NOT FULL

SLAVE TRANSMIT FIFO NOT
FULL
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Table 181. Available Interrupts

Module Interrupt Source Interrupt Interrupt
Number
I2C1 Master/Slave  12C1_NINTR 12 TRANSMIT DONE
TRANSMIT ARBITRATION
FAILURE

TRANSMIT NO ACK

MASTER TRANSMIT DATA
REQUEST

SLAVE TRANSMITTER DATA
REQUEST

RECEIVE FIFO FULL
RECEIVE DATA AVAILABLE
TRANSMIT FIFO NOT FULL
SLAVE TRANSMIT FIFO NOT

FULL
I12S Subsystem I2STX0_IRQ 13 12S0 TRANSMIT INTERRUPT
12STX1_IRQ 14 12S1 TRANSMIT INTERRUPT
I2SRX0_IRQ 15 12S0 RECEIVE INTERRUPT
I2SRX1_IRQ 16 I12S1 RECEIVE INTERRUPT
reserved 17 -
LCD INTERFACE LCD_INTERFACE_IRQ 18 LCD FIFO EMPTY
LCD FIFO HALF EMPTY
LCD FIFO OVERRUN
LCD READ VALID
SPI SPI_SMS_INT 19 SPI SMS
SPI_TX_INT 20 SPI Transmit
SPI_RX_INT 21 SPI Receive
SPI_OV_INT 22 SPI OV
SPI_INT 23 SPI Interrupt
DMA DMA_IRQ 24 DMA DATA TRANSFER
COMPLETE
NANDFLASH CTRL NANDFLASH_CTRL 25 NANDFLASH CTRL Interrupt
_IRQ_NAND
MCI SD_MMC_INTR 26 MCI Interrupt
USB OTG USB_OTG_IRQ 27 USB OTG Interrupt
ISRAMO ISRAMO_MRC_FINISHE 28 ISRAMO Interrupt
D
ISRAM1 ISRAM1_MRC_FINISHE 29 ISRAML1 Interrupt
D

In the above table, for UART, 12C0, 12C1 and LCD-Interface modules, any one or more of
the multiple sources (4th column) can cause the interrupt (2nd column) shared by them,
as they are assigned to that single interrupt bit. The exact source which caused the
interrupt can be distinguished by reading the appropriate bits from registers inside the
module. To find these details, please refer to the chapters for these specific modules.
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2.3 Block diagram

2.4

241

INTERRUPT CONTROLLER CORE PRIORITY MASKING OUTPUT STAGE
STAGE
INT_PRIORITYMASK (0...1)
REGISTERS
—
PRIORITY
29 INPUT STAGES LIMITER
|
I _ A
INPUT STAGE PWRINT
TARGET = (0..1)
INT_REQUEST 1...29 <
REGISTER - o
>
P MASKING
ACTIVE ENABLE PRIORITY A CPUINT
Low LEVEL > ©..1)
ROUTING 1)
TOWARDS =
INTERRUPT CPUINT
TARGETS ©.1n
INTERRUPT | >
INTERQ 29 TARGETS
INTERQ 1 LATCH | & ¢
PENDING
ALSO VISIBLE
THROUGHT v VECTOR STAGE
INT_PENDING
SOFTWARE INTERRUPT 1. 59 REGISTERS INDEX
REQUEST VARIABLE COMPUTATION
T ? INT VECTOR (0...1)
REGISTERS
SET CLR [ | __I
A TARGET
p7L. CONTROL
INTERFACE
INITIATOR
—>| AHB BUS ADAPTER |
clk, rst_an
SLAVEI
AHB BUS
Fig 30. Interrupt controller block diagram

Short Description of sub blocks

Input Stage
An input stage performs the following tasks (see Figure 10-30):

¢ Input of one interrupt request (intreq) signal

¢ Latch the interrupt request state during computation of the interrupt vector, otherwise
keep the latch transparent

* Invert the request polarity if the interrupt request signal is active low (controlled by the
variable ACTIVE_LOW),

¢ Combine the interrupt request with the state of a local software interrupt request
variable
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¢ Enable or disable the resulting interrupt request (controlled by variable ENABLE), and
finally

* Forward the request to the priority masking stage together with attributes
characterizing the interrupt request. These attributes are: - the priority level assigned
to the request (variable PRIORITY_LEVEL) - the interrupt target defined for the
request (variable TARGET).

In addition, the input stage provides means to set and clear the software interrupt request
variable (SET_SWINT and CLR_SWINT commands) and to observe the request status
before priority masking (variable PENDING).

While no interrupt vector is being computed, the signal path of an interrupt request
throughout the input stage (including the latch) is asynchronous and requires no active
interrupt controller clock. Immediately before vector computation the latch synchronously
captures the state of the intreq line and thereby blocks any signal changes to propagate
into the vector stage potentially leading to incorrect index computation. Sufficient time to
resolve potential metastability of the latched request will be allowed. After vector
computation, the latch becomes transparent again.

There is one input stage per interrupt request input. The number of input stages is from 1
to 29 (see Table 10-181). The vector stage references an input stage through an index.
There is no input stage defined for index 0 as this index is reserved for a special purpose
by the vector stage.

Priority Masking Stage
The priority masking stage performs the following tasks:
* For each of the 2 interrupt targets, input all interrupt requests selected for the target

and mask pending interrupts which are at lower or equal priority than a target specific
priority threshold (PRIORITY_LIMITER)

* For each of the 2 interrupt targets, combine pending interrupt requests with priority
above the priority threshold through a logical OR and route the result towards the
interrupt target.

The signal path of interrupt requests throughout the priority masking stage towards the
output stage is asynchronous and requires no active interrupt controller clock.

Output Stage
The output stage performs the following tasks:

* For each interrupt target, produce processor interrupt request output signals
cpuint{0...1}(_n) at both active high and low level by registering the interrupt request
information of the priority masking stage.

The interrupt controller introduces an interrupt latency (measured from assertion of an
intreq. signal to an assertion of cpuint{0..1}(_n)) of less than 2 clock periods.

Vector Stage

The vector stage provides one vector register per interrupt target (INT_VECTOR_{0...1}).
It performs the following tasks triggered by a read action to one of these registers:
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* For aread of register INT_VECTOR _t, process the PRIORITY information of input
states with pending interrupt requests selected for TARGET =t,

* Then identify the input stage with the highest PRIORITY value above the target
specific PRIORITY_LIMITER threshold (if this condition is true for a multitude of input
stages, then the input stage with the highest index is taken), and finally

* Present the index of that input stage through the INDEX variable in the
INT_VECTOR_t register. If no interrupt request exceeds the PRIORITY_LIMITER
threshold, then INDEX=0 is given.

The above process is performed upon any INT_VECTOR_* read action - there is no
storage of a previously computed vector.

The information from the INT_VECTOR_* register facilitates a generic software ISR in
identifying the interrupt requesting device to be serviced. To invoke the ISR of that device,
the INDEX variable can be taken as offset into a table of address pointers towards device
specific ISR. Alternatively, the total content of the INT_VECTOR_* register, consisting of a
table base address (variable TABLE_ADDR) plus INDEX, can be taken as pointer into a
table.

INDEX = 0 identifies the special case that no interrupt request requires service when the
INT_VECTOR_* register is read.

For correct vector computation, it is required that the ISR always reads the
INT_VECTOR_* register that corresponds to the interrupt target.

If 2 interrupts with same priority get activated at the same time, then the interrupt with
lower identity number (see Table 10-181) takes priority.

3. Register overview

UM10315

The purpose of the control interface is to give a processor read and write access to
internal registers of the interrupt controller.

When reading one of the INT_VECTOR_{0...T} registers, then read access time is
extended in respect to read access time of other registers by 2 additional wait cycles. This
extra wait time covers the needs of vector computation and meta-stability resolution on
latched intreq. signals even at maximum clk frequency.

Table 182. Register overview: Interrupt controller (base address 0x6000 0000)

Name R/W Address Description

offset
INT_PRIORITYMASK_0O R/W 0x000 interrupt target O priority threshold
INT_PRIORITYMASK 1 R/W 0x004 interrupt target O priority threshold
INT_VECTOR_O w 0x100 Vector register for target 0 => nIRQ
INT_VECTOR_1 R/W 0x104 Vector register for target 1 => nFIQ
INT_PENDING_1_31 w 0x200 status of interrupt request 1..29 (3 bits

don't care)

INT_FEATURES R/W 0x300 interrupt controller configuration features
INT_REQUEST _1 R/W 0x404 interrupt request 1 configuration features
INT_REQUEST_2 R/W 0x408 interrupt request 2 configuration features
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Table 182. Register overview: Interrupt controller (base address 0x6000 0000)

Name

INT_REQUEST _3

INT_REQUEST 4

INT_REQUEST 5

INT_REQUEST _6

INT_REQUEST _7

INT_REQUEST _8

INT_REQUEST _9

INT_REQUEST 10
INT_REQUEST 11
INT_REQUEST 12
INT_REQUEST 13
INT_REQUEST 14
INT_REQUEST 15
INT_REQUEST 16
INT_REQUEST 17
INT_REQUEST 18
INT_REQUEST 19
INT_REQUEST 20
INT_REQUEST 21
INT_REQUEST 22
INT_REQUEST 23
INT_REQUEST 24
INT_REQUEST 25
INT_REQUEST 26
INT_REQUEST 27
INT_REQUEST 28
INT_REQUEST _29

R/W Address
offset

R/W 0x40C
R/W 0x410
R/W 0x414
R/W 0x418
R/W 0x41C
R/W 0x420
R/W 0x424
R/W 0x428
R/W 0x42C
R/W 0x430
R/W 0x434
R/W 0x438
R/W 0x43C
R/W 0x440
R/W 0x444
R/W 0x448
R/W 0x44C
R/W 0x450
R/W 0x454
R/W 0x458
R/W 0x45C
R/W 0x460
R/W 0x464
R/W 0x468
R/W 0x46C
R/W 0x470
R/W 0x474

Description

interrupt request 3 configuration features

interrupt request 4 configuration features

interrupt request 5 configuration features

interrupt request 6 configuration features

interrupt request 7 configuration features

interrupt request 8 configuration features

interrupt request 9 configuration features

interrupt request 10 configuration features
interrupt request 11 configuration features
interrupt request 12 configuration features
interrupt request 13 configuration features
interrupt request 14 configuration features
interrupt request 15 configuration features
interrupt request 16 configuration features
interrupt request 17 configuration features
interrupt request 18 configuration features
interrupt request 19 configuration features
interrupt request 20 configuration features
interrupt request 21 configuration features
interrupt request 22 configuration features
interrupt request 23 configuration features
interrupt request 24 configuration features
interrupt request 25 configuration features
interrupt request 26 configuration features
interrupt request 27 configuration features
interrupt request 28 configuration features

interrupt request 29 configuration features

4. Register description

UM10315

4.1

Interrupt Priority Mask Register

Table 183. INT_PRIORITYMASK register (INT_PRIORITYMASK 0, address 0x6000 0000 and
INT_PRIORITYMASK1 address 0x6000 0004)

Bit Symbol

[31:8]

inter_slave_dly

Reset
Value

Access

Reserved X

[7:0] PRIORITY_LIMITER R/W X

Description

Reserved for future extensions; should be
written as 0

Priority Limiter: this variable determines a
priority threshold that incoming interrupt
requests must exceed to trigger interrupt

requests towards processor. See text below.
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Legal PRIORITY_LIMITER values are 0 ...15; other values are reserved and lead to
undefined behavior.

PRIORITY_LIMITER = 0: incoming interrupt requests with priority >0 can trigger interrupt
requests towards processor.

PRIORITY_LIMITER = n: only interrupt requests at a priority level above n can trigger
interrupt requests towards processor.

PRIORITY_LIMITER = 15: no incoming interrupt requests can trigger interrupt requests
towards processor.

The PRIORITY_LIMITER variable can be used to define the minimum priority level for
nesting interrupts: typically, the PRIORITY_LIMITER variable is set to the priority level of
the ISR that is currently being executed. By doing this, only interrupt requests at a higher
priority level will lead to a nested interrupt service. Nesting can be disabled by setting
PRIORITY_LEVEL = 15 or by disabling interrupt exceptions within the processor.

Interrupt Vector Register

These registers identify, individually for each interrupt target, the highest priority enabled
pending interrupt request that is present at the time when a register is being read.

Table 184. INT_VECTOR registers (INT_VECTORO, address 0x6000 0100 and INT_VECTOR1,
address 0x6000 0104)

Bit Symbol Access Reset Description
Value
31:11 TABLE_ADDR R/W X Table start address:

Indicates the lower address boundary of a 2048 byte
aligned interrupt vector table in memory

10:3 INDEX R X Index:

Indicates the intreq line number of the interrupt
request to be served by the processor:

INDEX = 0: no interrupt request to be served
INDEX = 1: serve interrupt request at input intreql
INDEX = 2: serve interrupt request at input intreq2

INDEX = 29: serve interrupt request at input intreq29
2.0 NULL R 0 bit field always read as zero

The software ISR must always read the vector register that corresponds to the interrupt
tar-get, e.g.:

* read INT_VECTOR_O for interrupt target 0 service. => nIRQ
¢ read INT_VECTOR_1 for interrupt target 1 service. => nFIQ

The INT_VECTOR_n register content can be used as a vector into a memory based table.
This table has N+1 entries. To be able to use the register content as a full 32 bit address
pointer, the table must be aligned to a 2048 byte address boundary. If only the INDEX
variable is used as offset into the table, then this address alignment is not required.

Each table entry has 64 bit data. It is recommended to pack per table entry:
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the start address of a device specific ISR, plus the associated priority limiter value (if
nesting of ISR shall be performed).

64 bit packing will optimize the speed of nested interrupt handling due to caches. In the
(likely) case of a cache miss when reading data from the table, the priority limiter value to
be programmed into the INT_PRIORITYMASK register will be loaded into the cache along
with the ISR start address, saving several clock cycles interrupt processing time
compared to a solution where the priority limiter value would have to be established from
an INT_REQUEST _* register.

A vector with INDEX = 0 indicates that no interrupt with priority above the priority threshold
is pending. The vector table should implement for this entry a "no interrupt" handler to
treat this special case.

Remark: Due to the special purpose of INDEX = 0 no interrupt request input intreqO and
thus no INT_REQUEST_O register exists.

interrupt vector table device specific ISR
in memory in memory
+8*29 priority limiter 29 ISR 2
vector 29
entry point
INDEX ISR 1
_ pointer
+0X010 priority limiter 2 ‘
vector 2 / entry point
priority limiter 1
+0x008 vector 1 " no interrupt”
+0x004 unused Handler

TABLE_ADDR+0x000 vector 0
\ entry point

Fig 31. Memory based interrupt table

Interrupt Pending Register

This register gathers the PENDING variables of all interrupt requests.

Software can make use of INT_PENDING_1 31[29:1] register to gain a faster overview
on pending interrupt requests than by reading individual INT_REQUEST_n registers. For
certain software this may lead to a benefit in interrupt processing time.

INT_PENDING_1_31[29:1] reflects the state of signals intreql...29.
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Table 185. INT_PENDING register (INT_PENDING1_31, address 0x6000 0200)

Bit Symbol Access Reset Description
[31:30] - R X reserved
[29:1] PENDING[i] R X Pending interrupt request:

This variable reflects the state of the intreq([i] line (if
needed, converted to active high) OR'ed by the state of
the local soft-ware interrupt request variable at the time
the register is read. Note that the pending variables are
also reflected by the INT_REQUEST_{1..29} registers
are present individually for each interrupt request input.
PENDING]Ji] = 0: no interrupt request

PENDING]i] = 1: interrupt request is pending

0 - R X reserved

Interrupt Controller Features Register

This register indicates the hardware configuration parameters chosen during the creation
of the interrupt controller. Software can make use of the INT_FEATURES register to
implement interrupt controller configuration specific behavior.

Table 186. INT_FEATURES register (address 0x6000 0300)

Bit Symbol Access Reset  Description
Value
31:22 Reserved R X Reserved
21:116 T R 0x01 IC Configuration parameter T:

Number of interrupt targets supported (plus one). This
is not configurable by Software, hence is a Read-Only
parameter.

15:8 P R OxOF Configuration parameter P:

Number of priority levels supported. This is not
configurable by Software, hence is a Read-Only
parameter.

7.0 N R 0x261  Configuration parameter N:

Number of interrupt request inputs. This is not
configurable by Software, hence is a Read-Only
parameter.

[1] Although this number indicates 38 interrupt sources, the hardware supports only 29 incoming interrupts as
described in rest of the document.

Interrupt Request Registers

These sets of registers holds configuration information related to interrupt request inputs
of the interrupt controller and allows issuing software interrupt requests.

There are 29 interrupt request registers, one for each intreq input signal.
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Table 187. INT_REQUEST registers (INT_REQUEST1, address 0x6000 0404 to
INT_REQUEST?29, address 0x6000 0474)

Bit Symbol Access Reset Description
Value
31 PENDING R X Pending interrupt request:

This variable reflects the state of the intreq line (if needed,
converted to active high) OR'ed by the state of the local
soft-ware interrupt request variable at the time the register
is read. Note that the PENDING variable is also visible
from the INT_PENDING_* registers.

PENDING = 0: no interrupt request
PENDING = 1: interrupt request pending

30 SET_SWINT W 0 Set software interrupt request
SET_SW_INT =0 (write):

no effect on the state of the local software interrupt
request variable

SET_SWINT = 1 (write):

set the state of the local software interrupt request
variable to '1'

SET_SWINT is always reads as 0
29 CLR_SWINT W 0 Clear software interrupt request:
CLR_SWINT = 0 (write):
clear the state of the local software interrupt request

variable to '0'
CLR_SWINT is always read as 0
28 WE_PRIORIT W X Write Enable PRIORITY_LEVEL
Y_LEVEL WE_PRIORITY_LEVEL = 0 (write):

no change of PRIORITY_LEVEL variable state
WE_PRIORITY_LEVEL =1 (write):
PRIORITY_LEVEL variable state may be changed
WE_PRIORITY_LEVEL is always read as 0

27 WE_TARGET W X Write Enable TARGET
WE_TARGET = 0 (write):
no change of TARGET variable state
WE_TARGET = 1 (write):

TARGET variable state may be changed WE_TARGET is
always read as 0

26 WE_ENABLE W X Write Enable ENABLE
WE_ENABLE = 0 (write):
no change of ENABLE variable state
WE_ENABLE = 1 (write):
ENABLE variable state may be changed
WE_ENABLE is always read as 0
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Table 187. INT_REQUEST registers (INT_REQUEST1, address 0x6000 0404 to
INT_REQUEST?29, address 0x6000 0474) ...continued

Bit Symbol Access Reset Description
Value
25 WE_ACTIVE_ W X Write Enable ACTIVE_LOW
LOW WE_ACTIVE_LOW = 0 (write):

no change of ACTIVE_LOW variable state
WE_ACTIVE_LOW = 1 (write):

ACTIVE_LOW variable state may be changed
WE_ACTIVE_LOW is always read as 0

24: Reserved R X Reserved; should be written as zeros
18
17 ACTIVE_LOW R/W 0 Active Low

This variable selects the polarity of the interrupt request
input signal. See also WE_ACTIVE_LOW.

ACTIVE_LOW = 1:

the intreq signal is interpreted as active low

ACTIVE_LOW = 0:

the intreq signal is interpreted as active high
16 ENABLE R/W 0 Enable interrupt request

This variable controls whether an interrupt request is
enabled for further processing by the interrupt controller.
See also WE_ENABLE.

ENABLE = 0:

the interrupt request is discarded. It cannot cause a
processor interrupt request. ENABLE = 1:

the interrupt request may cause a processor interrupt
request when further conditions for this become true.
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Table 187. INT_REQUEST registers (INT_REQUEST1, address 0x6000 0404 to
INT_REQUEST?29, address 0x6000 0474) ...continued

Bit Symbol Access Reset Description
Value
15. Reserved R X Reserved; should be written as zeros
14
13: TARGET R/W 0 Interrupt target: This variable defines the interrupt target
8 of an interrupt request. Legal values are 0 ... 1; other

values are reserved and lead to undefined behaviour. See
also WE_TARGET.

TARGET = 0:

the interrupt request shall lead to a processor interrupt
request O (cpuint0) => nIRQ
TARGET = 1:

the interrupt request shall lead to a processor interrupt
request 1 (cpuintl) => nFIQ

High order bits not required for TARGET encoding are

read-only 0.
7.0 PRIORITY_LE R/W X Priority level
VEL This variable determines the priority level of the interrupt

request. Legal values are O ... P; other values are
reserved and lead to undefined behaviour. See also
WE_PRIORITY_LEVEL.
PRIORITY_LEVEL = 0:

the interrupt request has priority level 0 (masked); itis
ignored
PRIORITY_LEVEL = 1:

the interrupt request has priority level 1 (lowest) ...
PRIORITY_LEVEL = 15:

the interrupt request has priority level 15 (highest)

High order bits not required for PRIORITY_LEVEL
encoding are read-only 0

Remark: There is no INT_REQUEST _0 register.

For changing the TARGET variable state dynamically, software must first disable the
interrupt request (ENABLE = 0), then change TARGET and finally re-enable the request
(ENABLE = 1).

Write enable commands are provided to allow the modification of individual
INT_REQUEST _* variables by simple write operations instead of atomic
read-modify-write operations. This feature allows to access INT_REQUEST_* registers
simultaneously by multiple software threads.

description

UM10315

5.1

Why Vectored?

For each incoming interrupt, its source & priority are determined by INTC hardware. Being
vectored helps IRQ handler to be simple & quick in response.
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Interrupt Targets

The application of interrupt targets is not prescribed by the architecture. It may be specific
to a system hardware/software design and may depend on the capabilities of the
processor handling the interrupts. The interrupt architecture, as specified by ARM,
recommends the following use of interrupt targets:

* ARM processor: target 0 = nIRQ (standard interrupt service with full context state
save/restore) target 1 = nFIQ (fast interrupt service with minimal context save/restore)

These recommendations are adapted in the LPC315x hardware also.

The interrupt target is configured for each interrupt request input of the interrupt controller
through the TARGET variable in the INT_REQUEST _* registers.

Interrupt Priority

Interrupt request masking is performed individually per interrupt target by comparing the
priority level assigned to a specific interrupt request input (variable PRIORITY_LEVEL in
the INT_REQUEST _* registers) with a target specific priority threshold (variable
PRIORITY_LIMITER in the INT_PRIORITYMASK_* registers).

Priority levels are defined as follows:
* Priority level O corresponds to 'masked'. Interrupt requests with priority O will never
lead to an interrupt request towards processor.
* Priority level 1 corresponds to lowest priority.
* Priority level 15 corresponds to highest priority.
Programming the INT_REQUEST_* register variable ENABLE = 0 is an alternative to
PRIORITY_LEVEL = 0 which is typically applied when an interrupt request input shall be

temporarily disabled without the need to save and restore the current PRIORITY_LEVEL
setting.

6. Power optimization

To reduce the power consumption of the interrupt controller, the 'clock gating' option is
chosen. With clock gating, the clock for all software accessible registers is provided only
during the course of a write operation and during synchronous reset. Outside these
conditions, the clock is disabled and internal power dissipation of registers is close to
zero.

7. Programming guide

UM10315

7.1

Software interrupts

Software interrupt support is provided through variables in the INT_REQUEST _n
registers. Software interrupts can be applied for:

¢ test the RTOS interrupt handling without using a device specific ISR.

* software emulation of an interrupt requesting device, including interrupts.
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1. Introduction

The AHB_TO_APB is a bus bridge between AMBA Advanced High-performance Bus
(AHB) and the AMBA Peripheral Bus (APB).

1.1 Features

This module has the following features:

* Supports a uni-directional (slave only) APB data bus interface.
¢ One word deep write buffer.

¢ Single clock architecture with one clock domain (APB and AHB clock are synchronal).
On LPC315x AHB-APB Bridge 4 uses single clock architecture.

* Dual clock architecture with independent AHB and APB clock domains. On LPC315x
AHB-APB Bridge 0, AHB-APB Bridge 1, AHB-APB Bridge 2, and AHB-APB Bridge 3
use this architecture.

2. General description

2.1 Block diagram

ARM
clock domain

ARM
PROCESSOR

‘
| !
_________ - e L AHB BUS | 4 ArBBUS

Periph. #1

AHB2APB
Periph. #2

Periph. #3

LLE

|
AHB ! APB
clock domain ! clock domain

Fig 32. AHB Block Diagram

The AHB_TO_APB Bridge translates bus transactions generated by an AHB master to
APB bus transactions. The bridge can de-couple a slow peripheral access by parking the
AHB transaction on the bridge and free the high speed/performance AHB bus resource.

UM10315 © NXP B.V. 2012. All rights reserved.

User manual Rev. 1 — 8 June 2012 231 of 644




NXP Semiconductors UM10315

2.2

221

222

Chapter 11: LPC315x AHB-to-APB bridge

Interface description

The AHB_TO_APB bridge interface consists of a APB bus interface and a AHB bus
interface. The AHB_TO_APB bridge has separate and independent clocks and reset
signals for the AHB and the APB interface.

The APB interface is connected to the peripheral blocks of the APB subsystem.
The AHB interface is connected to the multi-layer AHB bus.

Clock Signals

The LPC315x uses two architecture types of the AHB_TO_APB Bridge: a single clock
architecture, which has only one clock input, and a dual clock architecture, which has two
clocks.

The clocks can be asynchronous i.e. need not have a frequency or phase relation.
Because the APB subsystem usually hosts slow peripherals, the APB_clk frequency is
lower than the AHB_clk frequency.

Table 188. Clock Signals of the AHB_TO_ABP

Clock Name I/0 Source/ Description
Destination

APBJ[0:3]_PCLK CGU Determines the operating frequency of the
APB interface of the bridge. Operates the APB
interface.

APB[0:4]_CLK CGU Determines the operating frequency of the
AHB interface of the bridge. Operates the AHB
interface.

Reset sighals

The CGU provides two reset signals to the AHB_TO_APB bridges: AHB_RST_AN, AHB
interface global asynchronous reset and APB_RST_AN, APB interface global
asynchronous reset.

3. Register overview

The AHB_TO_APB does not have specific configuration registers.

4. Detailed architecture and functional modes description

UM10315

4.1

4.2

Memory Endianess

The bus bridge operation is independent of the endianess memory format.

Data Steering

Data steering for peripherals that have a narrow data bus (8 or 16 bits) is not supported.
These peripherals are assumed to be accessed with word (32-bit) aligned addresses.
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Peripherals with sub-word aligned addressing can be connected to the AHB_TO_APB
Bridge by shifting the address bits. Bits [x:0] of a byte-aligned peripheral must be
connected to bits [x+2:2] of the bridge. Bits [x:0] of a half-word (16-bit) aligned peripheral
must be connected to bits [x+1:1] of the bridge. In both cases, the master on the AHB side
of the bridge (software) must use word aligned addressing.

4.3 Write Buffer

The AHB_TO_APB Bridge contains a one-word deep write buffer. Any APB device that
DOES NOT have a APB_err signal (like all APB devices) will take advantage of the write
buffer provided ahb_prot is 1, when ahb_prot is 0 the devices can not use the write buffer.
On LPC315x only SPI module generates APB_err signal. Hence write buffer is used by all
other devices/modules connected to APB bus except SPI.

Devices with a APB_err signal can not use the write buffer. The write buffer alleviates
putting wait states on AHB. However, consecutive write access or write-read accesses to
the bridge will insert some wait states because the write buffer is only one word deep.

4.4 Address Alignment

The AHB_TO_APB Bus Bridge allows the user to enter system specifications and
information about each of the peripherals connected to the bridge. The address space
allocated to each peripheral is described in ‘Memory Map’ section. The bridge will assign
the APB memory map based on these parameters.

5. Power optimization

The AHB_TO_APB module has an asynchronous clock domain crossing, allowing the
APB clock frequency to be independent from the AHB clock frequency. This allows power
saving by lowering the APB bus frequency while keeping a AHB interface with high clock
frequency.

When using the AHB_TO_APB you must aim to meet the following guidelines:

¢ Operate at APB clock speed, when possible.

* Independently from the APB clock, reduce the AHB_CLK if possible.
¢ Switch off clocks when the device and its subsystem is not in use.

* Use the bridge write buffer for a more efficient data transfer.

6. Programming guide

AHB and APB bus clock frequencies can be set and/or disabled via the CGU registers.
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1. Introduction

The multi-layer AHB is an interconnection scheme based on the AHB protocol that
enables parallel access paths between multiple masters and slaves in a system. This is
achieved by using a more complex interconnection matrix and gives the benefit of
increased overall bus bandwidth and a more flexible system architecture.

Multiple masters can have access to different slaves at the same time. When multiple
masters want to have access to the same slave, a so called Round-Robin mechanism is
used for bus arbitration.

1.1 Features
This module has the following features:
¢ Supports all combinations of 32-bit masters and slaves (fully connected interconnect
matrix).

* Round-Robin priority mechanism for bus arbitration: All masters have the same
priority and get bus access in their natural order.

* 4 devices on a master port (listed in their natural order for bus arbitration):
— DMA

ARM926 Instruction port

ARMO926 Data port

USB OTG

* 14 slave ports:
— AHB to APB bridge 0
— AHB to APB bridge 1
— AHB to APB Bridge 2
— AHB to APB Bridge 3
— AHB to APB Bridge 4
— Interrupt controller
— NAND buffer
— MCI SD/SDIO
- USB OTG
— ISRAMO (96 kB)
— ISRAM1 (96 kB)
— ISROM (128 kB)
— MPMC configuration block
— MPMC controller

* Zero wait state operation, up to 100% bandwidth usage possible.
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¢ Bus implementation includes address decoding, arbitration and signal mixing.

¢ Designed to work according to the Multi layer AMBA Advanced System Bus (AHB
Lite) concept.

1.2 About AHB and multilayer AHB

AHB (Advanced High-performance Bus) is a generation of AMBA bus, which is intended
to address the requirements of high-performance designs. AMBA AHB is a level of bus,
which sits above the APB and implements the features required for high-performance,
high clock frequency systems, including:

* Burst transfers between bus masters and slaves on one layer

¢ Single cycle bus master hand over

¢ Single clock edge operation

* Non-tri state implementation.
In a multilayer AHB each layer has only one master. The benefits of a multilayer AHB are:

¢ This allows an increased bandwidth in comparison to one layer with more than one

master.

* The master to slave mixing can be done without arbitration.

* The arbitration effectively becomes point arbitration at each peripheral and is only
necessary when more than one master wants to access the same slave
simultaneously.
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Fig 33. AHB multi-layer block diagram
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Table 189. Clock signals of the AHB Module

Clock Name

Clock
AHBO_CLK

I/O Source/ Description
Destination
I CGU Main clock of the module. The logic in this

module runs on this clock. Its frequency
depends on the required speed for
connected devices. The maximum
frequency of AHB_CLK is 75 MHz.

Enable signals (see Section 13-6.3.2)

AHB_M<x>_ DISABLE_REQ

| CGU Master bus access deny request. When
this signal becomes high the master may
complete its current AHB transfer. After this
transfer no new bus access is allowed.

AHB_M<x> DISABLE_GRANT | CGuU Master bus access denied. This signal

indicates that the deny request is received
and the last allowed bus transfer has
finished. The master IP clock can be safely
disabled by the CGU.

2.1.2 Reset Signals

The AHB is reset by the (active low) AHB reset through the CGU. Reset is de-asserted
synchronously to AHB_CLK; assertion may be done asynchronously to AHB_CLK. NOTE:
This signal must be asserted upon a power_on reset.

2.1.3 System control register (Syscreg) signals

Table 190. External priority signals of the AHB Module (see Table 27-563)

Name
AHB_MO_EXTPRIO

AHB_M1_EXTPRIO

AHB_M2_EXTPRIO

AHB_M3_EXTPRIO

Type Description

External priority signal for master zero. If this bit is set, this master
has higher priority on the bus for slave x than the masters without
its external priority signal set.

External priority signal for master one. If this bit is set, this master
has higher priority on the bus for slave x than the masters without
its external priority signal set.

External priority signal for master two. If this bit is set, this master
has higher priority on the bus for slave x than the masters without
its external priority signal set.

External priority signal for master three. If this bit is set, this
master has higher priority on the bus for slave x than the masters
without its external priority signal set.

UM10315
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Table 191. Shadow signals of the AHB Module (see Table 27-564)

Name Type Description
AHB_M1 _SHADOW_ | This signal is provided to be able to change the memory mapping
POINTER for ARM instruction bus. The actual re-mapping pointer is a

32-bitvector of which the lower10 bits are '0'. It is freely
programmable in increments of 1 kByte.

AHB_M2_SHADOW_ | This signal is provided to be able to change the memory mapping

POINTER for ARM data bus. The actual re-mapping pointer is a 32-bitvector
of which the lower10 bits are '0'. It is freely programmable in
increments of 1 kByte.

3. Register overview

Not applicable. The AHB has no internal registers.

4. Register description

UM10315

This multi-layer AHB is based on the AHB-Lite protocol. This means that the layers do not
support request and grant. Also retry and split transactions are not supported. The bus
selects the master to the wanted slave. This selection is done without waitstates. The
address decoding of a master to a slave port and routing of the address and command
signals to the slave is done within one cycle.

Each master has a full address decoder for all slave peripherals in the system. A key
issue in a multi-layer AHB system is the overall system complexity, arising from the
number of concurrent actions possible in the system. To reduce the system complexity,
the AHB multi-layer system only supports a unified memory map. This means all masters
and slaves share a single, global 32-bit address space, and any master can select any
slave in the system.

To avoid breaking the unified memory space, a specific section of the unified memory map
is assigned as a shadow memory section. This memory section is virtual, i.e. no actual
memory is present at the shadow address. It can be seen as a copy of a section of unified
memory, specific to each master.

The bus arbiter is integrated in the AHB Multilayer and provides bus arbitration for a total
of 4 bus masters. The scheduler determines the priority of the master by making use of
the external priority.

The following list summarizes the rules which determine which master for the slave x is
granted the bus:
1. A master requesting the bus is given the priority over a master not requesting the bus

2. If only one master with the highest externally assigned priority is requesting the bus, it
will receive the bus regardless of the underlying scheduling algorithm

3. If no external priority is specified or all masters are of the same external priority, then
the master selected by the scheduler is given the bus

4. If no master is requesting the bus layer then the layer will generate idle cycles
5. A master that locks the bus can keep it indefinitely.
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The user set the external priority bits in the configuration register block. The re-arbitration
is done in one cycle (at the same time as the next access to a slave port), i.e there are no
waitstates.

This chip supports 4 masters and 14 slaves. An overview is given in following table:

Table 192. Shadow signals of the AHB Module

Masters Description Slaves Description

Master 0 Simple DMA Slave port 0 APBO

Master 1 ARMO926 Instruction Slave port 1 APB1

Master 2 ARM926 Data Slave port 2 APB2

Master 3 USB OTG Slave port 3 APB3
Slave port 4 APB4
Slave port 5 Interrupt controller
Slave port 6 Internal RAMO
Slave port 7 Nand flash controller
Slave port 8 Mobile storage SD/MMC
Slave port 9 USB OTG slave
Slave port 10 Internal sramO
Slave port 11 Internal sram1
Slave port 12 MPMC configuration
Slave port 13 MPMC

5. Power optimization

When a master wishes to enter a power down mode, its IP clock can be stopped using the
CGU. For this, the CGU can apply a ‘disable request’. The corresponding master will
finish its current bus transfer, else this will cause the corresponding slave device to be
locked. As soon as the transfers is completed the ‘disable grant’ signal becomes high and
the CGU can safely remove the IP clock of the master.

Slave devices connected to the AHB can use the clock-enable feature to selectively gate
the clock as long as required.
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1. How to read this chapter

The AES block of the NAND flash controller and its clock and reset signals are available
on LPC3154 only. See Table 13-193 for related clocks and registers in the CGU.

Table 193. AES specific clocks and registers

Description LPC3152 LPC3154
NANDFLASH_AES_CLK NAND flash AES clock no yes
PCR12 Power Control Register for no yes
NANDFLASH_AES_CLK
PSR12 Power Status Register for no yes
NANDFLASH_AES_CLK
ESR12 Enable Select and enable Register for no yes
NANDFLASH_AES_CLK
NANDFLASH_CTRL_AES_ Reset register for AES clock domain of  no yes
RESET_N_SOFT Nandflash Controller

2. Introduction

UM10315

The Clock Generation Unit (CGU) is used for delivering all the clocks which are needed
for the blocks of the digital die.

2.1 Features

This module has the following features:

Several advanced features to optimize the system for low power:

All output clocks can be disabled individually for flexible power optimization.
Some modules have automatic clock gating, which means that they are only active
when (bus) access to the module is required.

Variable clock scaling for automatic power optimization of the AHB bus (high clock
frequency when the bus is active, low clock frequency when the bus is idle).

Clock wake-up feature: when switched off, module clocks can be programmed to
be activated automatically on the basis of an (external) event detected by the
Event Router. An example of the use of this feature would be that all clocks
(including the ARM / bus clocks) are off and activated automatically when a button
is pressed.

Seven Clock sources:

Reference clock is generated by the oscillator with an external 12 MHz crystal.

Two external clock signals from the [2SRX_BCKO and I2SRX_WSO pins (used for
generating audio frequencies in I2SRXO0 / 12STXO0 slave mode).

Two external clock signals from the 12SRX_BCK1 and 12SRX_WSL1 pins (used for
generating audio frequencies in I2SRX1 / 12STX1 slave mode).

Programmable system clock frequency is generated by the System PLL.
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— Programmable audio clock frequency (typically 512 x fs) is generated by the Audio
PLL.

Both the System PLL and the Audio PLL generate their own frequencies based on
their (individual) reference clocks. The reference clocks can be programmed to the
oscillator clock, or one of the external clock signals.

* Highly flexible switchbox to distribute the signals from the clock sources to the module
clocks:

— Each clock generated by the CGU is derived from one of the base clocks and
optionally divided by a fractional divider.

— Each base clock can be programmed to have any one of the clock sources as an
input clock.

— Fractional dividers can be used to divide a base clock by a fractional number.

— Fractional dividers support clock stretching to obtain a (near) 50% duty cycle
output clock.

* Register interface to reset all modules under software control.

* Based on the input of the Watchdog timer, the CGU can generate a system-wide reset
in the case of a system hang-up.

3. General description

The CGU generates all the clock signals in the system and controls the reset signals for
all modules. As shown in the block diagram of the CGU in Figure 13—34, the CGU has a
regular structure. Each output clock generated by the CGU belongs to one of the system
or audio clock domains. Each clock domain is fed by a single base clock that originates
from one of the available clock sources.

Within a clock domain, fractional dividers are available to divide the base clock into a
lower frequency. Within most clock domains, the output clocks are again grouped into one
or more sub domains.

All output clocks within one sub domain are either all generated by the same fractional
divider or they are connected directly to the base clock. Therefore all output clocks within
one sub domain have the same frequency and all output clocks within one clock domain
are synchronous because they originate from the same base clock The CGU has a
reference clock (generated by the oscillator) and several external clock inputs.

The CGU also has several phase locked loop (PLL) circuits to generate clock signals that
can be used for system clocks and/or audio clocks. All clock sources, except the output of
the PLLs, can be used as reference input for the PLLs.
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clock resources

EXTERNAL
CRYSTAL

12SRX_BCKO
12SRX_WS0
12SRX_BCK1
[2SRX_WS1

—| OSCILLATOR

subdomain clocks

clock outputs

Fig 34. CGU block diagram
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Table 194. CGU base clock domains and associated fractional dividers

Base clock domain Domain #

SYS_BASE
AHB_APBO_BASE
AHB_APB1_BASE
AHB_APB2_BASE
AHB_APB3_BASE
PCM_BASE
UART_BASE
CLK1024FS_BASE

I2SRX_BCKO_BASE
I2SRX_BCK1_BASE

SPI_CLK_BASE
SYSCLK_O_BASE

Fractional dividers

0to 6

7 and 8

9 and 10
11t0 13

14
15
16

17 to 22

none

none

23

none
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internal clocks/enables
%(_J

APB

POR reset —
WatchDog reset reset ——»

external clock inputs/outputs

|

«—— FFAST_IN
— FFAST_OUT

—_—

clock enable 0 to 88 E

’ —— CLOCK_OUT (clock 15)

-« CGU

clock 0to91 E

) «—— [12SRX_BCKO0/1 (clocks 87/88)

«— 12SRX_WSO0/1 (clocks 81/83)

. o — [2STX_BCKO0/1 (clocks 74/77)
reset signals ¢
—

—> 12STX_WSO0/1 (clocks 75/78)

! }

SYSTEM PLL 12S/AUDIO PLL
(HPPLL1) (HPPLLO)

Fig 35. Interface block diagram

3.1.1 Clock signals

In the following table all base clocks and their derived clocks are listed. Each clock is
assigned a number which is used in the corresponding Power Control Registers (PCRO to
PCR91) and the Power Status Registers (PSR0 to PSR91), see Table 13-196.

The LPC315x has a total of 24 fractional dividers FDCO to FDC23 which are distributed
among the 12 base clock domains. Each base clock domain has pre-assigned fractional
dividers which can be used to further divide the base clock (see Table 13-194). The
output of the fractional dividers or base clock can be used as source for the clocks
belonging to that domain.

In addition the SYS_BASE clock domain has seven dynamic fractional dividers
(DYN_FDCO to DYN_FDCB6) to generate slow clocks corresponding to FDCO to FDC6.
When dynamic fractional dividers are enabled, LPC315x automatically switches to slow
clocks (DYNC_FDCO - DYNC_FDCS6) from fast clocks (FDCO - FDC6) when there is no
AHB bus activity. For more details, see Section 13-6.1.5.

For a detailed description of the CGU switchbox see Section 13-6.1.
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Base clock domain Clock
(selection stage)
stage

FDCO_CLK to
FDC6_CLK or

SYS_BASE

SYS_BASE_CLK

UM10315

source/spreading

Clock Name

APBO_CLK

APB1_CLK

APB2_CLK

APB3_CLK

APB4_CLK

AHB_TO_INTC_CLK

AHBO_CLK
EBI_CLK

DMA_PCLK
DMA_CLK_GATED
NANDFLASH_S0_CLK
NANDFLASH_ECC_CLK
NANDFLASH_AES_CLK

NANDFLASH_NAND_CLK

NANDFLASH_PCLK
CLOCK_OUT

ARM926_CORE_CLK
ARM926_BUSIF_CLK

Clock Description

#

13
14
15

16
17

Clock for AHB side of AHB_TO_APBO
bridge.
Clock for AHB side of AHB_TO_APB1
bridge.
Clock for AHB side of AHB_TO_APB2
bridge.
Clock for AHB side of AHB_TO_APB3
bridge

Clock for AHB side of AHB_TO_APB4
bridge. Note that AHB_TO_APB4 is a
synchronous bridge. So no separate
clock is needed for the APB side of the
bridge.

Clock for INTC bridge. This bridge is
needed for DTL interface of the
Interrupt Controller.

Clock for AHB Multi-layer.

Clock for EBI

Clock for APB interface of DMA
Clock for AHB interface of DMA

AHB port clock of the module

Main clock for ECC part in the module

Main clock for the AES block.This clock
should run on half the
NANDFLASH_NAND_CLK frequency.

Main clock for the module
APB port clock of the module

Free to use clock, with restriction that
this clock is derived from SYS_base.
This is the clock for the CLK_OUT pin.

Core clock of ARM926
AHB clock for ARM.
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Table 195. Clock signals of the CGULL ...continued

Base clock domain
(selection stage)

SYS_BASE

AHB_APBO_BASE

UM10315

Clock
source/spreading
stage

FDCO_CLK to
FDC6_CLK or
SYS_BASE_CLK

FDC7_CLK to
FDC8_CLK or
AHB_APBO_BASE

Clock Name

ARM926_RETIME_CLK

SD_MMC_HCLK
SD_MMC_CCLK_IN
USB_OTG_AHB_CLK
ISRAMO_CLK

RED_CTL_RSCLK

ISRAM1_CLK

ISROM_CLK
MPMC_CFG_CLK
MPMC_CFG_CLK2

MPMC_CFG_CLK3

INTC_CLK

AHB_TO_APBO_PCLK

EVENT_ROUTER_PCLK
ADC_PCLK

ADC_CLK
WDOG_PCLK
IOCONF_PCLK
CGU_PCLK
SYSCREG_PCLK
OTP_PCLK

RNG_PCLK

Clock Description

#

18

19
20
21
22

23

24

25
26
27

28

29

30

31
32
33
34
35
36
37
38

39

The retime clock of the ARM is used for
signifying the rising edge of the AHB
clock for the instruction and data of the
AHB by making use of IHCLKEN and
DHCLKEN. The frequency of the
retime clock must be equal to its base
clock.

AHB interface clock of the MCI
The card interface input clock of MCI
AHB clk of USB_OTG

AHB clock for internal SRAMO
controller

Clock used for Redundancy Controller
of Internal memories

AHB clock for internal SRAM1
controller

AHB clock for internal SROM controller
AHB clock for MPMC

Clock for timing all external memory
transfers. Should be synchronous to
HCLK, where this MPMC_CFG_CLK2
(MPMCCLK) can be twice the
frequency of HCLK

Clock used for External Refresh
Generator. This clock has to run at the
SYS_base frequency

Clock for Interrupt Controller Clock at
the DTL interface

Asynchronous Clock for APB interface
of AHB_TO_APBO bridge

APB clock for Event Router
APB clock for 10-bit ADC
10-bit ADC clock

APB clock for WDOG

APB clock for IOCONFIG
APB clock for CGU

APB clock for SYSREG

APB clock for One-Time
Programmable (OTP) memory

Clock for Random number generator
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Table 195. Clock signals of the CGULL ...continued

Base clock domain Clock Clock Name Clock Description
(selection stage) source/spreading #
stage
AHB_APB1_BASE FDC9_CLK to AHB_TO_APB1_PCLK 40 Asynchronous Clock for APB interface
FDC10_CLK or of AHB_TO_APB1 bridge
AHB_APB1 BASE  1)vER0 PCLK 41 APB clock for Timer0
TIMER1_PCLK 42 APB clock for Timerl
TIMER2_PCLK 43 APB clock for Timer2
TIMER3_PCLK 44 APB clock for Timer3
PWM_PCLK 45 APB clock for PWM
PWM_PCLK_REGS 46 Gated APB clock, used for register
access of PWM
PWM_CLK 47 Clock used for generating the output of
the PWM
I12C0_PCLK 48 APB clock for 12C0
I12C1_PCLK 49 APB clock for 12C1
AHB_APB2_BASE FDC11_CLKto AHB_TO_APB2_PCLK 50 Clock for APB interface of
FDC13 CLK or AHB_TO_APB2 bridge.
AHB_APB2 BASE  pcy pcLk 51  APB clock for PCM. Used to

synchronize the DMA handshake
signals; needs to run continuously.

PCM_APB_PCLK 52 APB Interface clock for PCM. Used to
perform register accesses.

UART_APB_CLK 53 APB clock for UART

LCD_PCLK 54 APB clock for LCD

LCD_CLK 55 Clock used by data and control flow
towards the external LCD Controller.

SPI_PCLK 56 APB bus clock of SPI.

SPI_PCLK_GATED 57 Gated version of APB bus clock of SPI
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Table 195. Clock signals of the CGULL ...continued

Base clock domain
(selection stage)

AHB_APB3_BASE

PCM_BASE

UART_BASE

CLK1024FS_BASE

UM10315

Clock
source/spreading
stage

FDC14 _CLK or
AHB_APB3_BASE

FDC15_CLK or
PCM_BASE

FDC16_CLK or
UART_BASE

FDC17_CLK to
FDC22_CLK or
CLK1024FS_BASE

Clock Name

AHB_TO_APB3_PCLK

12S_CFG_PCLK
EDGE_DET_PCLK
12STX_FIFO_0_PCLK

12STX_IF_0_PCLK
12STX_FIFO_1_PCLK

12STX_IF_1_PCLK
I2SRX_FIFO_0_PCLK

I2SRX_IF_0_PCLK
I2SRX_FIFO_1_PCLK

I2SRX_IF_1_PCLK

PCM_CLK_IP

UART_U_CLK

12S_EDGE_DETECT_CLK

12STX_BCKO_N
12STX_WS0
12STX_CLKO

12STX_BCK1_N
12STX_WS1
CLK_256FS
I2SRX_BCKO_N
I2SRX_WS0

I2SRX_BCK1_N

I2SRX_WS1

Clock Description

#

58

59
60
61

62
63

64
65

66
67

68
69
70
71

72

73

74

75
76

77

78

79

80

81

82

83

84 to
86

Asynchronous Clock for APB interface
of AHB_TO_APBS3 bridge

APB clock for 12S configuration block
APB clock for EDGE_DET

APB clock for 12STX_FIFO_0
(12STX_0)

APB clock for 2STX_IF_0 (1I2STX_0)

APB clock for 12STX_FIFO_1
(12STX_1)

APB clock for 2STX_IF_1 (I2STX_1)

APB clock for I2SRX_FIFO_0
(I12SRX_0)

APB clock for I2SRX_IF_0 (12SRX_0)

APB clock for I2SRX_FIFO_1
(I2SRX1)

APB clock for I2SRX_IF_1 (I2SRX1)
reserved

reserved

Clock for Timing of PCM

Used for UART baud-rate generation

Sampling frequency clock. Used to
generate NEWSAM flag from
edge_detection.

12S Bit Clock of 12STX_0 (12STX_0)
12S Word Select of 12STX_0 (12STX_0)

System clock for external reference of
[2STX_IF_0 (12STX_0)

12S Bit Clock of 12STX_1 (12STX_1)
12S Word Select of 12STX_1 (12STX_1)

256 fs system clock for external
reference. Also used as system clock
for external reference of 12STX_1.

12S Bit Clock of I2SRX_IF_0 in master
mode (I2SRX_0)

12S Word Select of 2SRX_IF_0
(I2SRX_0)

12S Bit Clock of I2SRX_IF_1 in master
mode (I2SRX_1)

12S Word Select of 2SRX_IF_1
(I2SRX_1)

reserved
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Chapter 13: LPC315x Clock Generation Unit (CGU)

Base clock domain Clock
(selection stage) source/spreading
stage

I2SRX_BCKO_BASE [2SRX_BCKO_BASE

I2SRX_BCK1_BASE [12SRX_BCK1_BASE

SPI_CLK_BASE FDC16_CLK or
SPI_CLK_BASE

SYSCLK_O_BASE  SYSCLK_O_BASE

Clock Description

Clock Name

#
I2SRX_BCKO 87
I2SRX_BCK1 88
SPI_CLK 89
SPI_CLK_GATED 90
SYSCLK_O 91

12S Bit clock of I2SRX_0. This clock is
used in both master and slave modes.

12S Bit clock of I2SRX_1. This clock is
used in both master and slave modes.

Main clock of the SPI module.

Gated version of main clock of the SPI
module.

Clock for SYSCLK_O pin.

[1] See Table 13-193 for clocks that are part specific and not implemented on all LPC315x parts.

3.1.2 Interrupt request signhals of CGU

The CGU does not generate interrupts.

3.1.3 DMA transfer signals of CGU
The CGU has no DMA transfer signals.

3.1.4 Reset signals of the CGU

CGU generates system wide reset based on POR and WatchDog reset events. Apart from
generating a system wide reset, the CGU also provides a register interface to generate
individual reset to the peripherals, memories, and bridges present on the chip (see

Table 13-197).

Remark: The AHB_TO_APBO resets are reserved. It is not allowed to use this reset, as it
cannot be disabled again afterwards.

4. Register overview

The CGU consists of two register parts: the clock switchbox registers and the
configuration registers. Both register parts use different base addresses.

4.1 Register overview of clock switchbox

Table 196. Register overview: CGU clock switchbox (register base address 0x1300 4000)L1

Name R/W

Address
Offset

Description

Switch configuration registers for base clocks

SCRO R/W
SCR1 R/W
SCR2 R/W
SCR3 R/W
SCR4 R/W
SCR5 R/W
SCR6 R/W

UM10315

0x000
0X004
0X008
0x00C
0x010
0x014
0x018

Switch Configuration Register for SYS base
Switch Configuration Register for AHBO_APBO base
Switch Configuration Register for AHBO_APB1 base
Switch Configuration Register for AHBO_APB2 base
Switch Configuration Register for AHBO_APB3 base
Switch Configuration Register for PCM base

Switch Configuration Register for UART base
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Table 196. Register overview: CGU clock switchbox (register base address 0x1300 4000)[1

Address Description

Switch Configuration Register for CLK1024FS base
Switch Configuration Register for I2SRX_BCKO base
Switch Configuration Register for 2SRX_BCK1 base
Switch Configuration Register for SPI_CLK base
Switch Configuration Register for SYSCLK_O base

Frequency Select Register 1 for SYS base
Frequency Select Register 1 for AHBO_APBO base
Frequency Select Register 1 for AHBO_APB1 base
Frequency Select Register 1 for AHBO_APB2 base
Frequency Select Register 1 for AHBO_APB3 base
Frequency Select Register 1 for PCM base
Frequency Select Register 1 for UART base
Frequency Select Register 1 for CLK1024FS base
Frequency Select Register 1 for I2SRX_BCKO base
Frequency Select Register 1 for I2SRX_BCK1 base
Frequency Select Register 1 for SPI_CLK base
Frequency Select Register 1 for SYSCLK_O base

Frequency Select Register 2 for SYS base
Frequency Select Register 2 for AHBO_APBO base
Frequency Select Register 2 for AHBO_APB1 base
Frequency Select Register 2 for AHBO_APB2 base
Frequency Select Register 2 for AHBO_APB3 base
Frequency Select Register 2 for PCM base
Frequency Select Register 2 for UART base
Frequency Select Register 2 for CLK1024FS base
Frequency Select Register 2 for 2SRX_BCKO base
Frequency Select Register 2 for I2SRX_BCK1 base
Frequency Select Register 2 for SPI_CLK base
Frequency Select Register 2 for SYSCLK_O base

Switch Status Register for SYS base

Switch Status Register for AHBO_APBO base
Switch Status Register for AHBO_APB1 base
Switch Status Register for AHBO_APB2 base
Switch Status Register for AHBO_APB3 base
Switch Status Register for PCM base

Switch Status Register for UART base

Name R/W

Offset
SCR7 R/W 0x01C
SCR8 R/W 0x020
SCR9 R/W 0X024
SCR10 R/W 0X028
SCR11 R/W 0x02C
Frequency select registers 1 for base clocks
FS1 0 R/W 0x030
FS1 1 R/W 0x034
FS1 2 R/W 0x038
FS1 3 R/W 0x03C
FS1 4 R/W 0x040
FS1 5 R/W 0X044
FS1 6 R/W 0X048
FS1 7 R/W 0x04C
FS1 8 R/W 0x050
FS1 9 R/W 0x054
FS1 10 R/W 0x058
FS1_ 11 R/W 0x05C
Frequency select registers 2 for base clocks
FS2_0 R/W 0x060
FS2_ 1 R/W 0X064
FS2_ 2 R/W 0X068
FS2_3 R/W 0x06C
FS2_4 R/W 0x070
FS2 5 R/W 0x074
FS2_6 R/W 0x078
FS2_ 7 R/W 0x07C
FS2_8 R/W 0x080
FS2_ 9 R/W 0X084
FS2_10 R/W 0X088
FS2_11 R/W 0x08C
Switch status registers for base clocks
SSRO R 0x090
SSR1 R 0x094
SSR2 R 0x098
SSR3 R 0x09C
SSR4 R 0x0AO0
SSR5 R 0X0A4
SSR6 R 0XO0A8
SSR7 R 0x0AC

Switch Status Register for CLK1024FS base
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Table 196. Register overview: CGU clock switchbox (register base address 0x1300 4000)[1

Name R/W Address Description
Offset
SSR8 R 0x0BO Switch Status Register for I2SRX_BCKO base
SSR9 R 0x0B4 Switch Status Register for I2SRX_BCK1 base
SSR10 R 0x0B8 Switch Status Register for SPI_CLK base
SSR11 R 0xOBC  Switch Status Register for SYSCLK_O base
Power control registers, spreading stage
PCRO R/W 0x0CO0 Power Control Register for APBO_CLK
PCR1 R/W 0X0C4  Power Control Register for APB1_CLK
PCR2 R/W 0X0C8  Power Control Register for APB2_CLK
PCR3 R/W 0xOCC  Power Control Register for APB3_CLK
PCR4 R/W 0x0D0 Power Control Register for APB4_CLK
PCR5 R/W 0x0D4 Power Control Register for AHB_TO_INTC_CLK
PCR6 R/W 0x0D8 Power Control Register for AHBO_CLK
PCR7 R/W 0xODC  Power Control Register for EBI_CLK
PCRS8 R/W OxOEO Power Control Register for DMA_PCLK
PCR9 R/W O0XOE4  Power Control Register for DMA_CLK_GATED
PCR10 R/W OXOES8 Power Control Register for NANDFLASH_SO0_CLK
PCR11 R/W Ox0EC Power Control Register for NANDFLASH_ECC_CLK
PCR12 R/W O0xOF0 Power Control Register for NANDFLASH_AES_CLK
PCR13 R/W O0xOF4 Power Control Register for NANDFLASH_NAND_CLK
PCR14 R/W OxOF8 Power Control Register for NANDFLASH_PCLK
PCR15 R/W OxO0FC Power Control Register for CLOCK_OUT
PCR16 R/W 0x100 Power Control Register for ARM926_CORE_CLK
PCR17 R/W 0X104 Power Control Register for ARM926_BUSIF_CLK
PCR18 R/W 0X108 Power Control Register for ARM926_RETIME_CLK
PCR19 R/W 0x10C Power Control Register for SD_MMC_HCLK
PCR20 R/W 0x110 Power Control Register for SOD_MMC_CCLK_IN
PCR21 R/W 0x114 Power Control Register for USB_OTG_AHB_CLK
PCR22 R/W 0x118 Power Control Register for ISRAMO_CLK
PCR23 R/W 0x11C Power Control Register for RED_CTL_RSCLK
PCR24 R/W 0x120 Power Control Register for ISRAM1_CLK.
PCR25 R/W 0X124 Power Control Register for ISROM_CLK
PCR26 R/W 0X128 Power Control Register for MPMC_CFG_CLK
PCR27 R/W 0x12C Power Control Register for MPMC_CFG_CLK2
PCR28 R/W 0x130 Power Control Register for MPMC_CFG_CLKS3
PCR29 R/W 0x134 Power Control Register for INTC_CLK
PCR30 R/W 0x138 Power Control Register for AHB_TO_APBO_PCLK
PCR31 R/W 0x13C Power Control Register for EVENT_ROUTER_PCLK
PCR32 R/W 0x140 Power Control Register for ADC_PCLK
PCR33 R/W 0X144 Power Control Register for ADC_CLK
PCR34 R/W 0X148 Power Control Register for WDOG_PCLK
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Table 196. Register overview: CGU clock switchbox (register base address 0x1300 4000)[1

Name

PCR35
PCR36
PCR37
PCR38
PCR39
PCR40
PCR41
PCR42
PCR43
PCR44
PCR45
PCR46
PCR47
PCR48
PCR49
PCR50
PCR51
PCR52
PCR53
PCR54
PCR55
PCR56
PCR57
PCR58
PCR59
PCR60
PCR61
PCR62
PCR63
PCR64
PCR65
PCR66
PCR67
PCR68
PCR69
PCR70
PCR71
PCR72
PCR73
PCR74

R/W

R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W

Address Description

Offset
0x14C
0x150
0x154
0x158
0x15C
0x160
0X164
0X168
0x16C
0x170
0x174
0x178
0x17C
0x180
0x184
0x188
0x18C
0x190
0x194
0x198
0x19C
0x1A0
0x1A4
0x1A8
O0x1AC
0x1BO
0x1B4
0x1B8
0x1BC
0x1CO0
0x1C4
0x1C8
0x1CC
0x1DO0
0x1D4
0x1D8
0x1DC
Ox1EO
Ox1E4
Ox1E8

Power Control Register for OCONF_PCLK
Power Control Register for CGU_PCLK

Power Control Register for SYSCREG_PCLK
Power control Register for OTP_PCLK

Power Control Register for RNG_CLK

Power Control Register for AHB_TO_APB1_PCLK
Power Control Register for TIMERO_PCLK
Power Control Register for TIMER1_PCLK
Power Control Register for TIMER2_PCLK
Power Control Register for TIMER3_PCLK
Power Control Register for PWM_PCLK

Power Control Register for PWM_PCLK_REGS
Power Control Register for PWM_CLK

Power Control Register for 12C0_PCLK

Power Control Register for 12C1_PCLK

Power Control Register for AHB_TO_APB2_PCLK
Power Control Register for PCM_PCLK

Power Control Register for PCM_APB_PCLK
Power Control Register for UART_APB_CLK
Power Control Register for LCD_PCLK

Power Control Register for LCD_CLK

Power Control Register for SPI_PCLK

Power Control Register for SPI_PCLK_GATED
Power Control Register for AHB_TO_APB3_PCLK
Power Control Register for 12S_CFG_PCLK
Power Control Register for EDGE_DET_PCLK
Power Control Register for I2STX_FIFO_0_PCLK
Power Control Register for I2STX_IF_0_PCLK
Power Control Register for I2STX_FIFO_1 PCLK
Power Control Register for I2STX_IF_1_PCLK
Power Control Register for I2SRX_FIFO_0_PCLK
Power Control Register for I2SRX_IF_0_PCLK
Power Control Register for I2SRX_FIFO_1_PCLK
Power Control Register for I2SRX_IF_1_PCLK
reserved. Write O to this register.

reserved. Write 0 to this register.

Power Control Register for PCM_CLK_IP

Power Control Register for UART_U_CLK

Power Control Register for 12S_EDGE_DETECT_CLK

Power Control Register for I2STX_BCKO_N
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Table 196. Register overview: CGU clock switchbox (register base address 0x1300 4000)[1

Address Description

Power Control Register for I2STX_WSO0
Power Control Register for I2STX_CLKO
Power Control Register for I2STX_BCK1_N
Power Control Register for I2STX_WS1
Power Control Register for CLK_256FS
Power Control Register for I2SRX_BCKO0_N
Power Control Register for I2SRX_WSO0
Power Control Register for I2SRX_BCK1_N
Power Control Register for I2SRX_WS1
reserved. Write O to this register.

reserved. Write 0 to this register.
reserved.Write O to this register.

Power Control Register for 2SRX_BCKO
Power Control Register for I2SRX_BCK1
Power Control Register for SPI_CLK

Power Control Register for SPI_CLK_GATED
Power Control Register for SYSCLK_O

Power Status Register for APBO_CLK

Power Status Register for APB1_CLK

Power Status Register for APB2_CLK

Power Status Register for APB3_CLK

Power Status Register for APB4_CLK

Power Status Register for AHB_TO_INTC_CLK
Power Status Register for AHBO_CLK

Power Status Register for EBI_CLK

Power Status Register for DMA_PCLK

Power Status Register for DMA_CLK_GATED
Power Status Register for NANDFLASH_SO0_CLK
Power Status Register for NANDFLASH_ECC_CLK
Power Status Register for NANDFLASH_AES_CLK
Power Status Register for NANDFLASH_NAND_CLK
Power Status Register for NANDFLASH_PCLK
Power Status Register for CLOCK_OUT

Power Status Register for ARM926_CORE_CLK
Power Status Register for ARM926_BUSIF_CLK
Power Status Register for ARM926_RETIME_CLK
Power Status Register for SD_MMC_HCLK

Power Status Register for SD_MMC_CCLK_IN

Name R/W

Offset
PCR75 R/W O0x1EC
PCR76 R/W 0x1FO0
PCR77 R/W O0x1F4
PCR78 R/W 0x1F8
PCR79 R/W O0x1FC
PCR80 R/W 0x200
PCR81 R/W 0x204
PCR82 R/W 0x208
PCR83 R/W 0x20C
PCR84 R/W 0x210
PCR85 R/W 0x214
PCR86 R/W 0x218
PCR87 R/W 0x21C
PCR88 R/W 0x220
PCR89 R/W 0x224
PCR90 R/W 0x228
PCR91 R/W 0x22C
Power status registers, spreading stage
PSRO R 0x230
PSR1 R 0x234
PSR2 R 0x238
PSR3 R 0x23C
PSR4 R 0x240
PSR5 R 0x244
PSR6 R 0x248
PSR7 R 0x24C
PSR8 R 0x250
PSR9 R 0x254
PSR10 R 0x258
PSR11 R 0x25C
PSR12 R 0x260
PSR13 R 0x264
PSR14 R 0x268
PSR15 R 0x26C
PSR16 R 0x270
PSR17 R 0x274
PSR18 R 0x278
PSR19 R 0x27C
PSR20 R 0x280
PSR21 R 0x284

Power Status Register for USB_OTG_AHB_CLK
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Table 196. Register overview: CGU clock switchbox (register base address 0x1300 4000)[1

Name

PSR22
PSR23
PSR24
PSR25
PSR26
PSR27
PSR28
PSR29
PSR30
PSR31
PSR32
PSR33
PSR34
PSR35
PSR36
PSR37
PSR38
PSR39
PSR40
PSR41
PSR42
PSR43
PSR44
PSR45
PSR46
PSR47
PSR48
PSR49
PSR50
PSR51
PSR52
PSR53
PSR54
PSR55
PSR56
PSR57
PSR58
PSR59
PSR60
PSR61

R/W

X v XY XV XY VXX XV VXXV XV XV XV XV XV XV XV XNV OV XV XV XLV OV XV XV XNV OV XV XV XNV OV XUV UV XUV XV U X

Address Description

Offset
0x288
0x28C
0x290
0x294
0x298
0x29C
0x2A0
0x2A4
0x2A8
0x2AC
0x2B0
0x2B4
0x2B8
0x2BC
0x2CO0
0x2C4
0x2C8
0x2CC
0x2D0
0x2D4
0x2D8
0x2DC
0x2EO
Ox2E4
O0x2E8
Ox2EC
0x2FO0
0x2F4
0x2F8
0x2FC
0x300
0x304
0x308
0x30C
0x310
0x314
0x318
0x31C
0x320
0x324

Power Status Register for ISRAMO_CLK

Power Status Register for RED_CTL_RSCLK
Power Status Register for ISRAM1_CLK

Power Status Register for ISROM_CLK

Power Status Register for MPMC_CFG_CLK
Power Status Register for MPMC_CFG_CLK2
Power Status Register for MPMC_CFG_CLK3
Power Status Register for INTC_CLK

Power Status Register for AHB_TO_APBO_PCLK
Power Status Register for EVENT_ROUTER_PCLK
Power Status Register for ADC_PCLK

Power Status Register for ADC_CLK

Power Status Register for WDOG_PCLK

Power Status Register for OCONF_PCLK

Power Status Register for CGU_PCLK

Power Status Register for SYSCREG_PCLK
Power Status Register for OTP_PCLK

Power Status Register for RNG_PCLK

Power Status Register for AHB_TO_APB1_PCLK
Power Status Register for TIMERO_PCLK

Power Status Register for TIMER1_PCLK

Power Status Register for TIMER2_PCLK

Power Status Register for TIMER3_PCLK

Power Status Register for PWM_PCLK

Power Status Register for PWM_PCLK_REGS
Power Status Register for PWM_CLK

Power Status Register for 12C0_PCLK

Power Status Register for 12C1_PCLK

Power Status Register for AHB_TO_APB2_PCLK
Power Status Register for PCM_PCLK

Power Status Register for PCM_APB_PCLK
Power Status Register for UART_APB_CLK
Power Status Register for LCD_PCLK

Power Status Register for LCD_CLK

Power Status Register for SPI_PCLK

Power Status Register for SPI_PCLK_GATED
Power Status Register for AHB_TO_APB3_PCLK
Power Status Register for 12S_CFG_PCLK
Power Status Register for EDGE_DET_PCLK
Power Status Register for 2STX_FIFO_0_PCLK
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Table 196. Register overview: CGU clock switchbox (register base address 0x1300 4000)[1

Name R/W Address Description
Offset

PSR62 R 0x328 Power Status Register for I2STX_IF_0_PCLK

PSR63 R 0x32C Power Status Register for I2STX_FIFO_1 PCLK

PSR64 R 0x330 Power Status Register for I2STX_IF_1 PCLK

PSR65 R 0x334 Power Status Register for I2SRX_FIFO_0_PCLK

PSR66 R 0x338 Power Status Register for I2SRX_IF_0_PCLK

PSR67 R 0x33C Power Status Register for I2SRX_FIFO_1 PCLK

PSR68 R 0x340 Power Status Register for I2SRX_IF_1 PCLK

PSR69 R 0x344 reserved

PSR70 R 0x348 reserved

PSR71 R 0x34C Power Status Register for PCM_CLK_IP

PSR72 R 0x350 Power Status Register for UART_U_CLK

PSR73 R 0x354 Power Status Register for 12S_EDGE_DETECT_CLK

PSR74 R 0x358 Power Status Register for I2STX_BCKO_N

PSR75 R 0x35C Power Status Register for 12STX_WSO0

PSR76 R 0x360 Power Status Register for I2STX_CLKO

PSR77 R 0x364 Power Status Register for I2STX_BCK1_N

PSR78 R 0x368 Power Status Register for 2STX_WS1

PSR79 R 0x36C Power Status Register for CLK_256FS

PSR80 R 0x370 Power Status Register for 2SRX_BCKO_N

PSR81 R 0x374 Power Status Register for I2SRX_WSO0

PSR82 R 0x378 Power Status Register for I2SRX_BCK1_N

PSR83 R 0x37C Power Status Register for 2SRX_WS1

PSR84 R 0x380 reserved

PSR85 R 0x384 reserved

PSR86 R 0x388 reserved

PSR87 R 0x38C Power Status Register for 2SRX_BCKO

PSR88 R 0x390 Power Status Register for I2SRX_BCK1

PSR89 R 0x394 Power Status Register for SPI_CLK

PSR90 R 0x398 Power Status Register for SPI_CLK_GATED

PSR91 R 0x39C Power Status Register for SYSCLK_O

Enable select registers, spreading stage

ESRO R/W 0x3A0 Enable Select and enable Register for APBO_CLK

ESR1 R/W 0x3A4 Enable Select and enable Register for APB1_CLK

ESR2 R/W 0x3A8 Enable Select and enable Register for APB2_CLK

ESR3 R/W 0x3AC  Enable Select and enable Register for APB3_CLK

ESR4 R/W 0x3B0 Enable Select and enable Register for APB4_CLK

ESR5 R/W 0x3B4 Enable Select and enable Register for AHB_TO_INTC_CLK

ESR6 R/W 0x3B8 Enable Select and enable Register for AHBO_CLK

ESR7 R/W 0x3BC  Enable Select and enable Register for EBI_CLK

ESRS8 R/W 0x3CO0 Enable Select and enable Register for DMA_PCLK
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Table 196. Register overview: CGU clock switchbox (register base address 0x1300 4000)[1

Name R/W Address Description
Offset
ESR9 R/W 0x3C4 Enable Select and enable Register for DMA_CLK_GATED
ESR10 R/W 0x3C8 Enable Select and enable Register for NANDFLASH_SO0_CLK
ESR11 R/W 0x3CC  Enable Select and enable Register for
NANDFLASH_ECC_CLK
ESR12 R/W 0x3DO0 Enable Select and enable Register for
NANDFLASH_AES_CLK
ESR13 R/W 0x3D4 Enable Select and enable Register for
NANDFLASH_NAND_CLK
ESR14 R/W 0x3D8 Enable Select and enable Register for NANDFLASH_PCLK
ESR15 R/W 0x3DC  Enable Select and enable Register for CLOCK_OUT
ESR16 R/W 0x3EO0 Enable Select and enable Register for ARM926_CORE_CLK
ESR17 R/W Ox3E4 Enable Select and enable Register for ARM926_BUSIF_CLK
ESR18 R/W 0x3E8 Enable Select and enable Register for ARM926_RETIME_CLK
ESR19 R/W Ox3EC  Enable Select and enable Register for SOD_MMC_HCLK
ESR20 R/W 0x3F0 Enable Select and enable Register for SD_MMC_CCLK_IN
ESR21 R/W Ox3F4 Enable Select and enable Register for USB_OTG_AHB_CLK
ESR22 R/W 0x3F8 Enable Select and enable Register for ISRAMO_CLK
ESR23 R/W 0x3FC Enable Select and enable Register for RED_CTL_RSCLK
ESR24 R/W 0x400 Enable Select and enable Register for ISRAM1_CLK
ESR25 R/W 0x404 Enable Select and enable Register for ISROM_CLK
ESR26 R/W 0x408 Enable Select and enable Register for MPMC_CFG_CLK
ESR27 R/W 0x40C Enable Select and enable Register for MPMC_CFG_CLK2
ESR28 R/W 0x410 Enable Select and enable Register for MPMC_CFG_CLK3
ESR29 R/W 0x414 Enable Select and enable Register for INTC_CLK
ESR30 R/W 0x418 Enable Select and enable Register for AHB_TO_APBO_PCLK
ESR31 R/W 0x41C Enable Select and enable Register for
EVENT_ROUTER_PCLK
ESR32 R/W 0x420 Enable Select and enable Register for ADC_PCLK
ESR33 R/W 0x424 Enable Select and enable Register for ADC_CLK
ESR34 R/W 0x428 Enable Select and enable Register for WDOG_PCLK
ESR35 R/W 0x42C Enable Select and enable Register for OCONF_PCLK
ESR36 R/W 0x430 Enable Select and enable Register for CGU_PCLK
ESR37 R/W 0x434 Enable Select and enable Register for SYSCREG_PCLK
ESR38 R/W 0x438 Enable Select and enable Register for OTP_PCLK
ESR39 R/W 0x43C Enable Select and enable Register for RNG_PCLK
ESR40 R/W 0x440 Enable Select and enable Register for AHB_TO_APB1_PCLK
ESR41 R/W 0x444 Enable Select and enable Register for TIMERO_PCLK
ESR42 R/W 0x448 Enable Select and enable Register for TIMER1_PCLK
ESR43 R/W 0x44C Enable Select and enable Register for TIMER2_PCLK
ESR44 R/W 0x450 Enable Select and enable Register for TIMER3_PCLK
ESR45 R/W 0x454 Enable Select and enable Register for PWM_PCLK
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Table 196. Register overview: CGU clock switchbox (register base address 0x1300 4000)[1

Name

ESR46
ESR47
ESR48
ESR49
ESR50
ESR51
ESR52
ESR53
ESR54
ESR55
ESR56
ESR57
ESR58
ESR59
ESR60
ESR61
ESR62
ESR63
ESR64
ESRG5
ESR66
ESR67
ESR68
ESR69
ESR70
ESR71
ESR72
ESR73

ESR74
ESR75
ESR76
ESR77
ESR78
ESR79
ESR80
ESR81
ESR82
ESR83
ESR84

R/W

R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W

R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W

Address
Offset

0x458
0x45C
0x460
0x464
0x468
0x46C
0x470
0x474
0x478
0x47C
0x480
0x484
0x488
0x48C
0x490
0x494
0x498
0x49C
0x4A0
0x4A4
0x4A8
Ox4AC
0x4B0
0x4B4
0x4B8
0x4BC
0x4CO0
0x4C4

0x4C8
0x4CC
0x4DO0
0x4D4
0x4D8
0x4DC
Ox4E0
Ox4E4
Ox4E8
Ox4EC
0x4F0

Description

Enable Select and enable Register for PWM_PCLK_REGS
Enable Select and enable Register for PWM_CLK

Enable Select and enable Register for 12C0_PCLK

Enable Select and enable Register for 12C1_PCLK

Enable Select and enable Register for AHB_TO_APB2_PCLK
Enable Select and enable Register for PCM_PCLK

Enable Select and enable Register for PCM_APB_PCLK
Enable Select and enable Register for UART_APB_CLK
Enable Select and enable Register for LCD_PCLK

Enable Select and enable Register for LCD_CLK

Enable Select and enable Register for SPI_PCLK

Enable Select and enable Register for SPI_PCLK_GATED
Enable Select and enable Register for AHB_TO_APB3_PCLK
Enable Select and enable Register for 12S_CFG_PCLK
Enable Select and enable Register for EDGE_DET_PCLK
Enable Select and enable Register for I2STX_FIFO_0_PCLK
Enable Select and enable Register for I2STX_IF_0_PCLK
Enable Select and enable Register for I2STX_FIFO_1_PCLK
Enable Select and enable Register for I2STX_IF_1 PCLK
Enable Select and enable Register for I2SRX_FIFO_0_PCLK
Enable Select and enable Register for I2SRX_IF_0_PCLK
Enable Select and enable Register for I2SRX_FIFO_1_PCLK
Enable Select and enable Register for I2SRX_IF_1_PCLK
reserved

reserved

Enable Select and enable Register for PCM_CLK_IP

Enable Select and enable Register for UART_U_CLK

Enable Select and enable Register for
I2S_EDGE_DETECT_CLK

Enable Select and enable Register for R_I12STX_BCKO_N
Enable Select and enable Register for I2STX_WSO0
Enable Select and enable Register for 1I2STX_CLKO
Enable Select and enable Register for I2STX_IF_BCK1_N
Enable Select and enable Register for I2STX_WS1
Enable Select and enable Register for CLK_256FS
Enable Select and enable Register for I2SRX_BCKO_N
Enable Select and enable Register for I2SRX_WSO0
Enable Select and enable Register for I2SRX_BCK1_N
Enable Select and enable Register for I2SRX_WS1
reserved
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Name R/W Address Description
Offset

ESR85 R/W 0x4F4 reserved

ESR86 R/W 0x4F8 reserved

ESR87 R/W Ox4FC Enable Select and enable Register for SPI_CLK

ESR88 R/W 0x500 Enable Select and enable Register for SPI_CLK_GATED

Base control registers for SYS base

BCRO R/W 0x504 Base Control Register for SYS base

BCR1 R/W 0x508 Base Control Register for AHBO_APBO base

BCR2 R/W 0x50C Base Control Register for AHBO_APB1 base

BCR3 R/W 0x510 Base Control Register for AHBO_APB2 base

BCR7 R/W 0x514 Base Control Register for CLK1024FS base

Fractional divider configuration registers

FDCO R/W 0x518 Fractional Divider Configuration Register for Fractional Divider
0 (SYS base)

FDC1 R/W 0x51C Fractional Divider Configuration Register for Fractional Divider
1 (SYS base)

FDC2 R/W 0x520 Fractional Divider Configuration Register for Fractional Divider
2 (SYS base)

FDC3 R/W 0x524 Fractional Divider Configuration Register for Fractional Divider
3 (SYS base)

FDC4 R/W 0x528 Fractional Divider Configuration Register for Fractional Divider
4 (SYS base)

FDC5 R/W 0x52C Fractional Divider Configuration Register for Fractional Divider
5 (SYS base)

FDC6 R/W 0x530 Fractional Divider Configuration Register for Fractional Divider
6 (SYS base)

FDC7 R/W 0x534 Fractional Divider Configuration Register for Fractional Divider
7 (AHBO_APBO base)

FDC8 R/W 0x538 Fractional Divider Configuration Register for Fractional Divider
8 (AHBO_APBO base)

FDC9 R/W 0x53C Fractional Divider Configuration Register for Fractional Divider
9 (AHBO_APB1 base)

FDC10 R/W 0x540 Fractional Divider Configuration Register for Fractional Divider
10 (AHBO_APBL1 base)

FDC11 R/W 0x544 Fractional Divider Configuration Register for Fractional Divider
11 (AHBO_APB2 base)

FDC12 R/W 0x548 Fractional Divider Configuration Register for Fractional Divider
12 (AHBO_APB2 base)

FDC13 R/W 0x54C Fractional Divider Configuration Register for Fractional Divider
13 (AHBO_APB2 base)

FDC14 R/W 0x550 Fractional Divider Configuration Register for Fractional Divider
14 (AHBO_APB3 base)

FDC15 R/W 0x554 Fractional Divider Configuration Register for Fractional Divider
15 (PCM base)

FDC16 R/W 0x558 Fractional Divider Configuration Register for Fractional Divider

16 (UART base)
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Table 196. Register overview: CGU clock switchbox (register base address 0x1300 4000)[1

Name

FDC17

FDC18

FDC19

FDC20

FDC21

FDC22

FDC23

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

Address Description

Offset
0x55C

0x560

0x564

0x568

0x56C

0x570

0x574

Fractional Divider Configuration Register for Fractional Divider
17 (CLK1024FS base)

Fractional Divider Configuration Register for Fractional Divider
18 (CLK1024FS base)

Fractional Divider Configuration Register for Fractional Divider
19 (CLK1024FS base)

Fractional Divider Configuration Register for Fractional Divider
20 (CLK1024FS base)

Fractional Divider Configuration Register for Fractional Divider
21 (CLK1024FS base)

Fractional Divider Configuration Register for Fractional Divider
22 (CLK1024FS base)

Fractional Divider Configuration Register for Fractional Divider
23 (SPI_CLK base)

Dynamic fractional divider configuration registers (SYS base only)

DYN_FDCO

DYN_FDC1

DYN_FDC2

DYN_FDC3

DYN_FDC4

DYN_FDC5

DYN_FDC6

R/W

R/W

R/W

R/W

R/W

R/W

R/W

0x578

0x57C

0x580

0x584

0x588

0x58C

0x590

Dynamic Fractional Divider Configuration Register for
Fractional Divider O (SYS base)

Dynamic Fractional Divider Configuration Register for
Fractional Divider 1 (SYS base)

Dynamic Fractional Divider Configuration Register for
Fractional Divider 2 (SYS base)

Dynamic Fractional Divider Configuration Register for
Fractional Divider 3 (SYS base)

Dynamic Fractional Divider Configuration Register for
Fractional Divider 4 (SYS base)

Dynamic Fractional Divider Configuration Register for
Fractional Divider 5 (SYS base)

Dynamic Fractional Divider Configuration Register for
Fractional Divider 6 (SYS base)

Dynamic fractional divider selection registers (SYS base only)

DYN_SELO
DYN_SEL1
DYN_SEL2
DYN_SEL3
DYN_SEL4
DYN_SEL5
DYN_SEL6

R/W
R/W
R/W
R/W
R/W
R/W
R/W

0x594

0x598

0x59C
0x5A0
0x5A4
0x5A8
Ox5AC

Dynamic Selection Register for Fractional Divider O (SYS base)
Dynamic Selection Register for Fractional Divider 1 (SYS base)
Dynamic Selection Register for Fractional Divider 2 (SYS base)
Dynamic Selection Register for Fractional Divider 3 (SYS base)
Dynamic Selection Register for Fractional Divider 4 (SYS base)
Dynamic Selection Register for Fractional Divider 5 (SYS base)
Dynamic Selection Register for Fractional Divider 6 (SYS base)

[1] See Table 13-193 for registers that are part specific and not implemented on all LPC315x parts.
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4.2 Register overview of the CGU configuration registers

Table 197. Register overview: CGU configuration block (register base address

0x1300 4C00)L

Name

Power and oscillator control
POWERMODE

WD_BARK
FFAST_ON
FFAST_BYPASS

Reset control
APBO_RESETN_SOFT

AHB_TO_APBO_PNRES_SOFT

APB1_RESETN_SOFT

AHB_TO_APB1_PNRES_SOFT

APB2_RESETN_SOFT

AHB_TO_APB2_PNRES_SOFT

APB3_RESETN_SOFT

AHB_TO_APB3_PNRES_SOFT

APB4_RESETN_SOFT

AHB_TO_INTC_RESETN_SOFT

AHBO_RESETN_SOFT

EBI_RESET_N_SOFT

PCM_PNRES_SOFT

PCM_RESET_N_SOFT

PCM_RESET_ASYNC_N_SOFT

TIMERO_PNRES_SOFT
TIMER1_PNRES_SOFT
TIMER2_PNRES_SOFT
TIMER3_PNRES_SOFT

R/W Address Description

R/W

R/W
R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W
R/W
R/W
R/W

Offset

0x000

0X004

0X008
0x00C

0x010

0x014

0x018

0x01C

0x020

0X024

0X028

0x02C

0x030

0x034

0x038

0x03C

0x040

0X044

0X048

0x04C
0x050
0x054
0x058

Power mode register; Power up reset
initiated by an external signal 'POR’

Watch dog bark register; Power up reset
is initiated by an internal signal from the
watchdog.

Activate fast oscillator register

Bypass comparator register fast oscillator

Reset register for AHB part of
AHB_TO_APBO bridge; reserved.2

Reset register for APB part of
AHB_TO_APBO bridge and for OTP;
reserved.l2

Reset register for AHB part of
AHB_TO_APB1 bridge

Reset register for APB part of
AHB_TO_APB1 bridge

Reset register for AHB part of
AHB_TO_APB2 bridge

Reset register for APB part of
AHB_TO_APB2 bridge

Reset register for AHB part of
AHB_TO_APB3 bridge

Reset register for APB part of
AHB_TO_APBS bridge

Reset register for AHB_TO_APB4 bridge;
Only one reset is needed, because this
bridge is synchronous.

Reset register for AHB_TO_INTC
Reset register for AHBO; reserved.[2
Reset register for EBI

Reset register for APB domain of PCM;
Asynchronous APB domain reset for
PCM.

Reset register for synchronous clk_ip
domain of PCM

Reset register for asynchronous clk_ip
domain of PCM

Reset register for Timer0
Reset register for Timerl
Reset register for Timer2
Reset register for Timer3
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Table 197. Register overview: CGU configuration block (register base address
0x1300 4C00) ...continued

Name R/W Address Description
Offset
ADC_PRESETN_SOFT R/W 0x05C Reset register for controller of 10 bit ADC
Interface

ADC_RESETN_ADCI10BITS _SOFT R/W 0x060 Reset register for A/D converter of ADC
Interface; global reset

PWM_RESET_AN_SOFT R/W 0X064 Reset register for PWM; asynchronous.
UART_SYS_RST_AN_SOFT R/W 0X068 Reset register UART/IrDA,;
asynchronous.
12C0_PNRES_SOFT R/W 0x06C Reset register for 12C0
12C1_PNRES_SOFT R/W 0x070 Reset register for 12C1
12S_CFG_RST_N_SOFT R/W 0x074 Reset register for 12S_Config; 12S_config
APB domain reset
I12S_NSOF_RST_N_SOFT R/W 0x078 Reset register for NSOF counter of
I12S_CONFIG
EDGE_DET_RST_N_SOFT R/W 0x07C Reset register for Edge_det
I2STX_FIFO_0_RST_N_SOFT R/W 0x080 Reset register for I2STX_FIFO_0
I2STX_IF_0_RST_N_SOFT R/W 0X084 Reset register for I2STX_IF_0
I2STX_FIFO_1_RST_N_SOFT R/W 0X088  Reset register for I2STX_FIFO_1
I2STX_IF_1 RST_N_SOFT R/W 0x08C Reset register for I2STX_IF_1
I2SRX_FIFO_0_RST_N_SOFT R/W 0x090 Reset register for I2SRX_FIFO_0
I2SRX_IF_0_RST_N_SOFT R/W 0x094 Reset register for I2SRX_IF_0
I2SRX_FIFO_1_RST_N_SOFT R/W 0x098 Reset register for I2SRX_FIFO_1
I2SRX_IF_1 RST_N_SOFT R/W 0x09C  Reset register for 2SRX_IF_1
reserved R/W O0X0AO0 -
to Ox0BO
LCD_PNRES_SOFT R/W 0x0B4 Reset register for LCD Interface
SPI_PNRES_APB_SOFT R/W 0x0B8 Reset register for apb_clk domain of SPI
SPI_PNRES_IP_SOFT R/W 0xOBC  Reset register for ip_clk domain of SPI
DMA_PNRES_SOFT R/W O0x0CO  Reset register for DMA
NANDFLASH_CTRL_ECC_RESET_ R/W 0X0C4 Reset register for ECC clock domain of
N_SOFT Nandflash Controller
NANDFLASH_CTRL_AES_RESET_ R/W 0X0C8 Reset register for AES clock domain of
N_SOFT Nandflash Controller
NANDFLASH_CTRL_NAND_RESET R/W 0x0CC Resetregister for of Nandflash Controller;
_N_SOFT Reset signal for the nand_clk domain of
NAND flash controller
SD_MMC_PNRES_SOFT R/W 0x0D4 Reset register for MCI synchronous with

AHB clock; The AND function of this reset
signal and sd_mmc_nres_cclk_in will
result in the reset signal for MCI.

SD_MMC_NRES_CCLK_IN_SOFT R/W 0x0D8 Reset register for MCI synchronous with
IP clock; The AND function of this reset
signal and sd_mmc_nres will result in the
reset signal for MCI.

USB_OTG_AHB_RST_N_SOFT R/W O0xODC  Reset register for USB_OTG
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Table 197. Register overview: CGU configuration block (register base address
0x1300 4C00) ...continued

Name R/W
RED_CTL_RESET_N_SOFT R/W
AHB_MPMC_HRESTN_SOFT R/W

AHB_MPMC_REFRESH_RESETN_ R/W

SOFT

INTC_RESERTN_SOFT
PLL control (audio PLL)
HPO_FIN_SELECT

HPO_MDEC
HPO_NDEC
HPO_PDEC
HPO_MODE
HPO_STATUS
HPO_ACK

HPO_REQ
HPO_INSELR
HPO_INSELI
HPO_INSELP
HPO_SELR
HPO_SELI
HPO_SELP

R/W

R/W

R/W
R/W
R/W
R/W
R
R

R/W
R/W
R/W
R/W
R/W
R/W
R/W

PLL control (system PLL)

HP1_FIN_SELECT

HP1_MDEC
HP1_NDEC
HP1_PDEC
HP1_MODE
HP1_STATUS
HP1_ACK

HP1_REQ
HP1_INSELR
HP1_INSELI
HP1_INSELP
HP1_SELR
HP1_SELI
HP1_SELP

R/W

R/W
R/W
R/W
R/W
R
R

R/W
R/W
R/W
R/W
R/W
R/W
R/W

Address Description

Offset
O0xOEO
0XOE4
0XOE8

OxOEC

O0x0FO0

OxOF4
OxOF8
OxOFC
0x100
0X104
0X108

0x10C
0x110
0x114
0x118
0x11C
0x120
0X124

0X128

0x12C
0x130
0x134
0x138
0x13C
0x140

0X144
0X148
0x14C
0x150
0x154
0x158
0x15C

Reset register for Redundancy Controller
Reset register for MPMC

Reset register for refresh generator used
for MPMC

Reset register for Interrupt Controller.

Register for selecting input to high
HPPLLO

M-divider register of HPO PLL
N-divider register of HPO PLL
P-divider register of HPO PLL
Mode register of HPO PLL
Status register of HPO PLL

Ratio change acknowledge register of
HPO PLL

Ratio change request register of HPO PLL
Bandwidth selection register of HPO PLL
Bandwidth selection register of HPO PLL
Bandwidth selection register of HPO PLL
Bandwidth selection register of HPO PLL
Bandwidth selection register of HPO PLL
Bandwidth selection register of HPO PLL

Register for selecting input to high HP1
PLL

M-divider register of HP1 PLL
N-divider register of HP1 PLL
P-divider register of HP1 PLL
Mode register of HP1 PLL
Status register of HP1 PLL

Ratio change acknowledge register of
HP1 PLL

Ratio change request register of HP1 PLL
Bandwidth selection register of HP1 PLL
Bandwidth selection register of HP1 PLL
Bandwidth selection register of HP1 PLL
Bandwidth selection register of HP1 PLL
Bandwidth selection register of HP1 PLL
Bandwidth selection register of HP1 PLL

[1] See Table 13-193 for registers that are part specific and not implemented on all LPC315x parts.
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[2] The AHB_TO_APBO resets are reserved. It is not allowed to use this reset, as it cannot be disabled again

afterwards.

5. Register description

UM10315

5.1 Clock switchbox registers

Table 198. Switch configuration register SCR<base number> (SCRO to SCR11, addresses
0x1300 4000 to 0x1300 402C)

Bit Symbol R/W Reset
Value
31:4 - -
3 STOP R/W 0
2 RESET R/W
ENF2 R/W
0 ENF1 R/W

Description

Reserved

Forces switch in disable mode (No frequency
selected)

Asynchronous reset of both switches
Enable side #2 of switch
Enable side #1 of switch

Table 199. Frequency select register 1 FS1_<base number> (FS1_0to FS1_11, addresses
0x1300 4030 to 0x1300 405C)

Bit Symbol R/W Reset
Value

31:3 - -

2.0 FS1 R/W 0x0

Description

Reserved

The value of FS1 selects the input frequency for side #1
of the frequency switch. At reset, this side of the switch is
enabled.

The following input frequencies can be selected for FS1:
0x0: ffast 12 MHz

0x1: 12SRX_BCKO

0x2: I2SRX_WSO0

0x3: I2SRX_BCK1

0x4: 12SRX_WS1

0x5: HPPLLO (Audio/I2S PLL)

0x6:HPPLL1 (System PLL)
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Table 200. Frequency Select register 2 FS2_<base number> (FS2_0 to FS2_11, addresses
0x1300 4060 to 0x1300 408C)

Bit Symbol R/W Reset  Description
Value
313 - - Reserved
2.0 FS2 R/W 0x0 The value of FS2 selects the input frequency for side #2
of the frequency switch. At reset, this side of the switch is
disabled.

The following input frequencies can be selected:
0x0: ffast 12 MHz

0x1: I2SRX_BCKO

0x2: I2SRX_WSO0

0x3: I2SRX_BCK1

Ox4: 12SRX_WS1
0x5: HPPLLO (Audio/I2S PLL)

0x6:HPPLL1 (System PLL)

Table 201. Switch Status register SSR<base number> (SSRO0 to SSR11, addresses 0x1300
4090 to 0x1300 40BC)

Bit Symbol R/W Reset  Description
Value

315 Reserved - - Reserved

4:2 FS R 0x0 Feedback of 