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Addendum for Revision 1.0
1 Addendum for Revision 1.0

2 Revision history
Table 2 provides a revision history for this addendum.

Table 1. MCF51JG256RM Rev 1.0 addendum

Location Description

Table 39-137, 
“Wait and guard time 

calculations”/Page 938

Updated C7816[TTYPE] = 0 value of Wait time parameter and C7816[TTYPE] = 1 value of Character 
wait time and Block wait time the following table. 

Figure 22-1, 
“Multipurpose Clock 

Generator (MCG) block 
diagram”/ Page 386

Added the following Note below the Multipurpose Clock Generator (MCG) block diagram:
Note:  MCGPLLCLK is gated by LOCK signal 

Table 2. Revision history table

Revision Substantive changes Date of release

1.0  • Initial release. Updated the “Wait and guard time calculations” table in 
chapter 39, “Serial Communication Interface (SCI) / Universal Asynchronous 
Receiver/Transmitter (UART).”

 • Added Note below “Multipurpose Clock Generator (MCG) block diagram.”

07/2013

Parameter
Reset value

[ETU]
C7816[TTYPE] = 0

[ETU]
C7816[TTYPE] = 1

[ETU]

Wait Time 9600 ((WI + 1) × 960 × (GTFD + 1)) - 1 Not used

Character wait time Not used Not used 11 + 2(CWI - 1)

Block wait time Not used Not used 10 + 2BWI × 960 × (GTFD + 1)
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Chapter 1
Preface

Overview

1.1.1 Purpose
This document describes the features, architecture, and programming model of the
Freescale MCF51JG256 microcontroller.

1.1.2 Audience
This document is primarily for system architects and software application developers
who are using or considering using the MCF51JG256 microcontroller in a system.

Conventions

1.2.1 Numbering systems
The following suffixes identify different numbering systems:

This suffix Identifies a

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

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

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

1.1

1.2
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Chapter 2
Introduction

2.1 MCF51JG256 Introduction
The MCF51JG256 is a member of the low-cost, low-power, high-performance Version 1
(V1) ColdFire family of 32-bit microcontroller units (MCUs). It uses the enhanced V1
Cold Fire core and is available with a variety of modules and single memory
configuration. CPU clock rates on these devices can reach 50 MHz. MCF51JG256
includes 256 KB Flash, 64 KB RAM, USB 1.1 and 2.0 compliant full-speed device/Host
controller, hardware encryption support (Cryptographic Acceleration Unit and Random
Number Generator) and Serial Audio Interface.
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Table 2-2. MCF51JG256 Feature Set (continued)
DMA Controller • Four independently programmable channels provide the

capabilities to directly transfer data between system
memory and I/O peripherals

Timers • Motor control/general purpose timer (FTM)
• 16-bit modulo timer (MTIM)
• Low Power Timer for Pulse Counter or periodic interrupt

(LPTMR0)

Real Time Clock • Real Time Clock with Calendaring
• 32 kHz operation from internal RC or external 32 kHz

clock
• Alarm functionality

Communications • Universal asynchronous receiver/transmitter (UART)/
Serial communications interface (SCI)

• Serial peripheral interface (SPI)
• Inter-Integrated Circuit (I2C)
• USB Full Speed/Low Speed OTG/Host/Device
• Serial Audio Interface (SAI) to support Full Duplex

Serial Interfaces with Frame Sync I2S, TDM, AC97,
CODEC

Input/Output • 26 GPIO pins with interrupt with selectable polarity
• 14 pins with programmable glitch filter
• Hysteresis and configurable pull up/down device on all

input pins
• Configurable slew rate and drive strength on all output

pins
• Up to 14 rapid general purpose I/O (RGPIO) pins

connected to the processor’s high speed 32-bit platform
bus with faster set, clear, and toggle functionality

NVM Memory/On-Chip RAM • Flash memory read and write down to 1.85 V
• FlexMemory for additional program space or EEPROM
• Flash security features and block protection
• Nibble parity checking on 64 KB On-chip SRAM
• Ability for software to insert single-bit errors to "check

the checkers"

Part Numbers and Packaging

2.4.1 Format
Part numbers for this device have the following format:

Q CCCC DD MMM T PP

2.4

Chapter 2 Introduction
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Chapter 3
Chip Configuration

3.1 Introduction
This chip configuration information consists of details about the individual modules that
are specific to the chip. The information includes:

• module block diagrams showing immediate connections within the device,
• specific module-to-module interactions not necessarily discussed in the individual

module chapters, and
• links for more information.

NOTE
For clock gating information that applies to modules generally,
refer to Clock gating. Any additional clock gating info that is
specific to a module appears in the module's dedicated chip
configuration details.

Core Modules

3.2.1 Version 1 (V1) ColdFire Core Configuration
This section summarizes how the module has been configured in the chip.

3.2
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System Modules

3.3.1 Crossbar Switch Configuration
This section summarizes how the module has been configured in the chip.
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Figure 3-3. Crossbar switch integration

Table 3-3. Reference links to related information
Topic Related module Reference

Full description Crossbar switch Crossbar Switch

System memory map System memory map

Clocking Clock Distribution

Crossbar switch master V1 ColdFire core CPU Core

Crossbar switch master DMA controller DMA controller

Crossbar switch master EzPort EzPort

Crossbar switch master USB USB

Crossbar switch slave Flash memory
controller

Flash memory controller

Table continues on the next page...

3.3
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Figure 3-4. Peripheral bridge configuration

Table 3-4. Reference links to related information

Topic Related module Reference

System memory map System memory map

Clocking Clock distribution

Crossbar switch Crossbar switch Crossbar switch

3.3.2.1 Peripheral Bridge Interfaces

The peripheral bridge has two interfaces for transfers to and from modules.

Table 3-5. Peripheral bridge interfaces

Interface size Connected modules

32-bit DMA controller

8-bit All other modules with an assigned slot in the peripheral bus
memory map

3.3.2.2 Memory Map and Module Register Access

The peripheral bridge enables access to the registers of most of the modules on this
device. See the memory map tables for the memory slot assignment for each module.

3.3.3 DMA Controller Configuration
This section summarizes how the module has been configured in the chip.
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Table 3-6. Reference links to related information

Topic Related module Reference

Full description DMA controller DMA controller

System memory map System memory map

Clocking Clock distribution

Power management Power management

Requests DMA request sources

3.3.3.1 DMA Request Sources

The DMA request sources for this device follow.

Table 3-7. DMA request sources
Request ID Assignment to DMA

Channel 0
Assignment to DMA

Channel 1
Assignment to DMA

Channel 2
Assignment to DMA

Channel 3

0 SPI0_Tx SPI0_Tx SPI1_Tx SPI1_Tx

1 SPI0_Rx SPI0_Rx SPI1_Rx SPI1_Rx

2 SCI0_Tx SCI1_Tx SCI1_Tx SCI0_Tx

3 SCI0_Rx SCI1_Rx SCI1_Rx SCI0_Rx

4 IIC0 IIC0 SPI2_Tx SPI2_Tx

5 IIC1 IIC1 SPI2_Rx SPI2_Rx

6 SAI_Tx SAI_Tx SCI2_Tx SCI2_Tx

7 SAI_Rx SAI_Rx SCI2_Rx SCI2_Rx

8 — — SAI_Tx SAI_Tx

9 FTM0_ch0 FTM0_ch0 FTM1_ch0 FTM1_ch0

10 FTM0_ch1 FTM0_ch1 FTM1_ch1 FTM1_ch1

11 FTM1_ch2 FTM1_ch3 FTM1_ch4 FTM1_ch5

12 FTM1_ch3 FTM1_ch4 FTM1_ch5 FTM1_ch2

13 — — SAI_Rx SAI_Rx

Table continues on the next page...

System Modules
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Table 3-7. DMA request sources (continued)

Request ID Assignment to DMA
Channel 0

Assignment to DMA
Channel 1

Assignment to DMA
Channel 2

Assignment to DMA
Channel 3

14 — — — —

15 PTA PTB PTC PTD

3.3.4 Interrupt Controller (INTC) Configuration
This section summarizes how the module has been configured in the chip.

Interrupt Controller
(CF1_INTC)

V
1 

C
ol

dF
ire

 c
or

e Interrupts Module

Module

Module

Register
access

Peripheral
bridge

Interrupt
priority
level

Figure 3-6. INTC configuration

Table 3-8. Reference links to related information

Topic Related module Reference

Full description Interrupt Controller
(INTC)

INTC

System memory map System memory map

Clocking Clock distribution

Power management Power management

3.3.4.1 Interrupt priority levels

The CF1_INTC module implements a sparsely populated 7 × 9 matrix of levels (7) and
priorities within each level (9).

3.3.4.2 Interrupt Channel Assignments

The interrupt vector assignments are defined in the following table.

Chapter 3 Chip Configuration
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Table 3-10. ColdFire level, priority within level matrix interrupt assignments (continued)
6 INTC_PL

6P7
INTC_PL
6P6

Flash DMA
_CH0

x DMA
_CH1

DMA
_CH2

DMA
_CH3

Level 6
SWI OR
MESM
interrupt

5 USB
Status

RNGA FTM1
Fault
+Overflow

x FTM1
Channel 0

FTM1
Channel 1

FTM1
Channel 2

Level 5
SWI

4 FTM1
Channel 3

FTM1
Channel 4

FTM1
Channel 5

FTM0
Fault
+Overflow

x FTM0
Channel 0

FTM0
Channel 1

SPI0 Level 4
SWI

3 IRQ3 SCI0 RTC
Interrupt

IIC0 x SPI2 SPI1 SCI1 Level 3
SWI

2 IRQ2 IIC1 SAI_RX SAI_TX x SCI2 LPT0 USBDCD Level 2
SWI

Lowest 1 IRQ1 MTIM PORT A PORT B x PORT D PORT C SPI_WAK
EUP

Level 1
SWI

1. IRQ0 is non-maskable interrupt while IRQ[2,3,4] are maskable.

3.3.5 Low-Leakage Wakeup Unit (LLWU) Configuration
This section summarizes how the module has been configured in the chip.
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Figure 3-7. Low-Leakage Wakeup Unit configuration

Table 3-11. Reference links to related information

Topic Related module Reference

Full description Low-Leakage Wakeup
Unit (LLWU)

LLWU

System memory map System memory map

Clocking Clock distribution

Power management Power management

Power Management
Controller (PMC)

PMC configuration

Wakeup requests LLWU wakeup sources

System Modules
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3.3.5.1 LLWU Wakeup Sources

The LLWU module has the following internal and external inputs. WUP0- WUP15 are
external pin inputs, and module interrupt flags (M0IF-M3IF) are internal peripheral
connections.

NOTE
• The RESET pin is also a wakeup source when the LLWU's

RST[LLRSTE] bit is 1 and the pin is enabled as RESET via
port mux control.

Table 3-12. LLWU inputs

Wakeup
Pin

Source Wakeup
Pin

Source

WUP0 Reserved WUP10 PTC4

WUP1 PTA1 WUP11 PTC5

WUP2 PTA2 WUP12 Reserved

WUP3 PTB1 WUP13 PTC7

WUP4 PTB2 WUP14 PTD0

WUP5 PTB3 WUP15 PTD2

WUP6 PTB5 M0IF LPTimer0 (see note)

WUP7 PTC0 M1IF RTC Interrupt (see note)

WUP8 PTC1 M2IF Reserved

WUP9 PTC2 M3IF Reserved

NOTE
Requires the peripheral and the peripheral interrupt to be
enabled. The internal module's WUPE bit is used to enable the
internal module flag to be used as a wakeup input. After
wakeup, the flags are cleared based on the peripheral clearing
mechanism.

3.3.5.2 LLWU register reset

All LLWU registers are reset by Chip Reset not VLLS and by other reset types that
trigger Chip Reset not VLLS. LLWU registers are unaffected by reset types that do not
trigger Chip Reset not VLLS. For more information about the types of reset available on
this chip, refer to the Reset details.

Chapter 3 Chip Configuration
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3.3.6 Computer Operating Properly (COP) Watchdog
Configuration

This section summarizes how the module has been configured in the chip.

COP watchdog

Peripheral
bridge 

Register
access

Figure 3-8. COP watchdog configuration

Table 3-13. Reference links to related information

Topic Related module Reference

Clocking Clock distribution

Power management Power management

Programming model System Integration
Module (SIM)

SIM

3.3.6.1 COP clocks

The two clock inputs for the COP are the 1 kHz clock and the bus clock.

3.3.6.2 COP Watchdog

The COP watchdog is intended to force a system reset when the application software fails
to execute as expected. To prevent a system reset from the COP timer (when it is
enabled), application software must reset the COP counter periodically. If the application
program gets lost and fails to reset the COP counter before it times out, a system reset is
generated to force the system back to a known starting point.

After any reset, the COP watchdog is enabled. If the COP watchdog is not used in an
application, it can be disabled by clearing SOPT1[COPT].

System Modules
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If the bus clock source is selected, the COP counter does not increment while the
microcontroller is in background debug mode or while the system is in stop (including
VLPS) mode. The COP counter resumes when the microcontroller exits background
debug mode or stop mode.

If the 1 kHz clock source is selected, the COP counter is re-initialized to zero upon entry
to either background debug mode or stop (including VLPS) mode and begins from zero
upon exit from background debug mode or stop mode.

Regardless of the bus selected, the COP is disabled when the chip enters a VLLSx mode.
Upon a reset that wakes the chip from the VLLSx mode, the COP is re-initialized and
enabled as for any reset.

3.3.7 PMC Configuration
This section summarizes how the module has been configured in the chip.
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Figure 3-9. PMC configuration

Table 3-14. Reference links to related information

Topic Related module Reference

Full description Power Management
Controller (PMC)

PMC

System memory map System memory map

Power management Power management

System Mode
Controller (SMC)

SMC

Low-Leakage Wakeup
Unit (LLWU)

LLWU

Reset Control Module
(RCM)

Reset

System Modules
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3.3.7.1 PMC register reset

Different portions of PMC registers reset on different MCU reset types. Refer to the
detailed register descriptions. For information about the various reset types on this chip,
refer to the Reset details.

3.3.8 System Mode Controller (SMC) Configuration
This section summarizes how the module has been configured in the chip.

P
ow

er
 M

an
ag

em
en

t
C

on
tro

lle
r (

P
M

C
)

Register
access

Peripheral
bridge

System Mode
Controller (SMC)

Resets

Figure 3-10. System Mode Controller configuration

Table 3-15. Reference links to related information

Topic Related module Reference

Full description System Mode
Controller (SMC)

SMC

System memory map System memory map

Power management Power management

Power management
controller (PMC)

PMC

Low-Leakage Wakeup
Unit (LLWU)

LLWU

Reset Control Module
(RCM)

Reset

3.3.8.1 SMC register reset

Different SMC registers reset on different MCU reset types. Refer to the detailed register
descriptions. For information about the various reset types on this chip, refer to the Reset
details.

Chapter 3 Chip Configuration
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3.3.9 System Integration Module (SIM) Configuration
This section summarizes how the module has been configured in the chip.

Register
access

Peripheral
bridge

System integration
module (SIM)

Figure 3-11. SIM configuration

Table 3-16. Reference links to related information

Topic Related module Reference

Full description System Integration
Module (SIM)

SIM

System memory map System memory map

Clocking Clock distribution

Power management Power management

3.3.9.1 SIM register reset

Different SIM registers reset on different MCU reset types. Refer to the detailed register
descriptions. For information about the various reset types on this chip, refer to the Reset
details.

Clock Modules

3.4.1 Multipurpose Clock Generator (MCG) Configuration
This section summarizes how the module has been configured in the chip.

3.4

Clock Modules
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3.4.2.1 Real Time Clock Overview

This device includes the Real Time Clock to allow operation during all power modes.
RTC includes on-chip calendaring with alarm functionality and can be clocked from the
Internal 32 kHz Reference Clock (MCGIRCLK) or external 32 kHzcrystal.

NOTE
• Run the RTC from external 32 kHz oscillator when high

accuracy is desired.
• RTC gets reset only on POR.
• The RTC on this device is powered by the main supply.

Therefore, if the main supply is removed, the RTC contents
are lost.

• This device does not support RTC in VLPS and VLLS
power modes if clocked by IR clock so it is necessary to
select OSC1 as RTC clock if time needs to be retained in
different low power modes.

• OSC1 should be in low power mode (HGO1 = 0) to be
used for RTC and LPTMR.

Memories and Memory Interfaces

3.5.1 RAM Configuration
This section summarizes how the module has been configured in the chip.

RAM

C
ro

ss
ba

r s
w

itc
h

Transfers

Figure 3-15. RAM configuration

Table 3-20. Reference links to related information

Topic Related module Reference

Description RAM RAM overview

System memory map System memory map

Clocking Clock distribution

Power management Power management

3.5

Chapter 3 Chip Configuration

MCF51JG256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 83

















3.5.5.3 EzPort Clocking

The EzPort module is enabled only when the device is operating in EzPort mode. The
module clocks are active only in this mode. When the device is operating in normal
mode, the EzPort clock is disabled.

No register bits control the ezPort module clock because the clocking is determined by
operating mode.

Security Modules

3.6.1 CAU Configuration
This section summarizes how the module has been configured in the chip.
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Figure 3-21. CAU configuration

Table 3-26. Reference links to related information

Topic Related module Reference

Full description CAU CAU

System memory map System memory map

Clocking Clock distribution

Power management Power management

Transfers V1 ColdFire core CPU Core

3.6.2 RNGA Configuration
This section summarizes how the module has been configured in the chip.

3.6
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Figure 3-23. CRC configuration

Table 3-28. Reference links to related information

Topic Related module Reference

Full description CRC CRC

System memory map System memory map

Power management Power management

3.6.3.1 Module register width and serialization of accesses

This module's registers are 32 bits wide. Accesses via the 8-bit peripheral bus are
serialized: 32-bit accesses are serialized into four 8-bit accesses.

Timers

3.7.1 FlexTimer Configuration
This section summarizes how the module has been configured in the chip.

3.7
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Figure 3-26. Modulo Timer configuration

Table 3-36. Reference links to related information

Topic Related module Reference

Full description Modulo Timer MTIM

System memory map System memory map

Clocking Clock distribution

Power management Power management

Signal multiplexing Port control Signal multiplexing

3.7.3.1 MTIM overview

The MTIM is a simple 16-bit modulo timer with several software selectable clock
sources and a programmable interrupt. The chip has one MTIM module.

The MTIM shares the TMR_CLKIN pin with the FlexTimer modules.

Communication Interfaces

3.8.1 Universal Serial Bus (USB) FS Subsystem
The USB FS subsystem includes these components:

• Dual-role USB OTG-capable (On-The-Go) controller that supports a full-speed (FS)
device or FS/LS host. The module complies with the USB 2.0 specification.

• USB transceiver that includes internal 15 kΩ pulldowns on the D+ and D- lines for
host mode functionality.

• A 3.3 V regulator.

3.8

Communication Interfaces

MCF51JG256 Reference Manual, Rev. 1, 01/2013

98 Freescale Semiconductor, Inc.





















Table 3-44. I2S/SAI master clock setting (continued)

TCR2[CLKMODE], RCR2[CLKMODE] Master Clock

01 SAI_MCLK

10 Not supported

11 Not supported

The MCLK Input Clock Select field of the MCLK Control Register (MCR[MICS])
selects the clock input to the I2S/SAI module’s MCLK divider.

Table 3-45. MCLK input clock selection

MCR[MICS] Clock Selection

00 SYSCLK

01 OSC1ERCLK

10 OSC2ERCLK

11 MCGPLLCLK

3.8.5.3 Module register width and serialization of accesses

This module's registers are 32 bits wide. Accesses via the 8-bit peripheral bus are
serialized: 32-bit accesses are serialized into four 8-bit accesses.

Human-Machine Interfaces (HMI)

3.9.1 EGPIO Configuration
This section summarizes how the module has been configured in the chip.

3.9

Human-Machine Interfaces (HMI)
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Chapter 4
Memory Map

4.1 Introduction
This device contains various memories and memory-mapped peripherals which are
located in one 32-bit contiguous memory space. This chapter describes the memory and
peripheral locations within that memory space.

4.2 System Memory Map
This device supports up to 256 KB of program flash and 32 KB of FlexRAM space. This
configuration provides up to 288 KB of program flash and up to 2 KB of EEPROM.
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0x(00)00_0000
Allocated to on-chip flash 

memory
0x(00)3F_FFFF

0x(00)40_0000
Available for off-chip expansion

0x(00)7F_FFFF

0x(00)80_0000
Allocated to on-chip RAM 

memory
0x(00)9F_FFFF

0x(00)A0_0000

Available for off-chip expansion

0x(00)BF_FFFF

0x(00)C0_0000

ColdFire Rapid GPIO

0x(00)C0_000F

0x(00)C0_0010

Unimplemented

0x(FF)FF_7FFF

0x(FF)FF_8000

Slave Peripherals

0x(FF)FF_FFFF

Address Range V1 ColdFire Memory Usage

0x(00)00_0000
Allocated to on-chip flash 

memory
0x(00)3F_FFFF

0x(00)40_0000
Available for off-chip expansion

0x(00)7F_FFFF

0x(00)80_0000
Allocated to on-chip RAM 

memory
0x(00)9F_FFFF

0x(00)A0_0000

Available for off-chip expansion

0x(00)BF_FFFF

0x(00)C0_0000

ColdFire Rapid GPIO

0x(00)C0_000F

0x(00)C0_0010

Unimplemented

0x(FF)FF_7FFF

0x(FF)FF_8000

Slave Peripherals

0x(FF)FF_FFFF

Address Range V1 ColdFire Memory Usage

(Reserved)

(Reserved)

Figure 4-1. Generic V1 ColdFire Memory Map

Regions within the memory map are subject to restrictions with regard to the types of
CPU accesses allowed. These are outlined in the following table. Non-supported access
types terminate the bus cycle with an error (and typically generate a system reset in
response to the error termination).

Table 4-1. CPU Access Type Allowed by Region

Base
Address Region

Read1 Write1

Byte Word Long Byte Word Long

0x(00)00_000
0

Program
flash2 x x x — — —

0x(00)20_000
0 FlexNVM2 x x x — — —

0x(00)28_000
0 FlexRAM x x x x x x

0x(00)80_000
0 RAM x x x x x x

0x(00)C0_000
0 Rapid GPIO x x x x x x

0x(FF)FF_800
0

8-bit
Peripherals3 x x x x x x

Table continues on the next page...
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Table 4-1. CPU Access Type Allowed by Region (continued)

Base
Address Region

Read1 Write1

Byte Word Long Byte Word Long

0x(00)40_000
0/

0x(00)A0_000
0/

Reserved

Reserved/
Unimplemente
d

Not allowed. Any access terminated with Error

1. Byte is 8-bit, Word 16-bit and Long 32-bit
2. Flash writes occur via a programming algorithm described in the flash memory details.
3. Allowed access types are peripheral specific. The peripheral bus bridge serializes 16 and 32-bit accesses into multiple 8-

bit accesses. When using 8-bit peripherals, ensure that all accesses are properly aligned and only desired 8-bit locations
are accessed.

The slave peripherals section of the memory map is further subdivided as shown in the
following table.

Table 4-2. High Level System Memory Map
Memory Description Comment

0x(00)00_0000 - 0x(00)03_FFFF Program Flash Space Smaller area for any derivatives

0x(00)04_0000 - 0x(00)1F_FFFF Unimplemented Bus Error - Illegal address

0x(00)20_0000 - 0x(00)20_7FFF FlexNVM Space can be used as Program Flash if no
Data Flash and EEPROM is used.
Shared memory with EEPROM.

0x(00)20_8000 - 0x(00)27_FFFF Unimplemented Bus Error - Illegal address

0x(00)28_0000 - 0x(00)28_07FF FlexRAM space 2K RAM available if no EEPROM is
used

0x(00)28_8000 - 0x(00)7F_FFFF Unimplemented Bus Error -illegal address

0x(00)80_0000 - 0x(00)80_FFFF 64K RAM On-chip 64K RAM

0x(00)81_0000 - 0x(00)BF_FFFF Unimplemented Bus Error -illegal address

0x(00)C0_0000 - 0x(00)C0_000F RGPIO 16 RGPIO pins

0x(00)C0_000f - 0x(FF)FF_7FFF Unimplemented Bus Error - Illegal address

0x(FF)FF_8000 - 0x(FF)FF_FFFF Peripheral Bus See next table for info

Table 4-3. High Level Peripheral Memory Map
Peripheral Description Instance Name BaseAddress Size(Bytes)

Port I/O Module Enhanced General
Purpose I/O

PTA 0x(FF)FF_8000-0x(FF
)FF_800F

16

Port I/O Module Enhanced General
Purpose I/O

PTB 0x(FF)FF_8010-0x(FF
)FF_801F

16

Port I/O Module Enhanced General
Purpose I/O

PTC 0x(FF)FF_8020-0x(FF
)FF_802F

16

Port I/O Module Enhanced General
Purpose I/O

PTD 0x(FF)FF_8030-0x(FF
)FF_803F

16

Table continues on the next page...
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Chapter 5
Clock Distribution

5.1 Introduction
The multipurpose clock generator (MCG) module controls which clock source is used to
derive the system clocks. The clock generation logic divides the selected clock source
into a variety of clock domains, including the clocks for the system bus masters, system
bus slaves, and flash memory. The clock generation logic also implements module-
specific clock gating to allow granular shutoff of modules.

5.2 Clock distribution
The primary clocks for the system are generated from the MCGOUTCLK clock. The
clock generation circuitry provides several clock dividers that allow different portions of
the device to be clocked at different frequencies. This allows for tradeoffs between
performance and power dissipation.

Various modules have module-specific clocks that can be generated from the
MCGPLLCLK clock. In addition, there are various other module-specific clocks that
have other alternate sources. Clock selection for most modules is controlled by the SOPT
registers in the SIM module.

5.3 High-Level Device Clocking Diagram
The high-level clock diagram is shown below.
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Chapter 6
Reset and Boot

6.1 Reset
This section discusses the Reset Control Module (RCM), basic reset mechanisms, and the
various sources of reset on the chip. See the Reset Control Module for RCM register
details.

Some modules that cause resets can be configured to cause interrupts instead. Consult the
individual peripherals' chapters for more information.

6.1.1 MCU reset sources
Resetting the MCU provides a way to start processing from a known set of initial
conditions.

When the ColdFire processor exits reset, it fetches initial 32-bit values for the supervisor
stack pointer and program counter from locations 0x(00)00_0000 and 0x(00)00_0004,
respectively.

The on-chip peripheral modules are disabled and the non-analog I/O pins are initially
configured as disabled. The pins with analog functions assigned to them default to their
analog function after reset.

During and following a reset, the input pin associated with the BKGD pin is configured
with pullup enabled.

This series of devices has the following sources for reset:
• Power-on reset (POR)
• External RESET pin (PIN)
• COP watchdog (WDOG) timer
• Illegal opcode detect (ILOP)
• Illegal address detect (ILAD)
• Multipurpose Clock Generator loss of clock (LOC)
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Chapter 7
Power Management

7.1 Introduction
This chapter describes the various MCU power modes, and functionality of the individual
modules in these modes.

7.2 Power modes
The V1 ColdFire CPU has two primary modes of operation, Run and Stop. The STOP
instruction is used to invoke both Stop and Wait modes. The CPU does not differentiate
between Stop and Wait modes. Stop, Wait, and Run are augmented in a number of ways
to provide a lower power MCU based on application needs.

The System Mode Controller (SMC) in this family provides the user with multiple power
options. The Very Low Power Run (VLPR) operating mode can reduce run time power
when maximum bus frequency is not required. Corresponding Wait and Stop modes are
the Very Low Power Wait (VLPW) and Very Low Power Stop (VLPS) modes.

Depending on the stop requirements of the user application, a variety of Stop modes are
available that provide state retention, partial power down or full power down of certain
logic and/or memory. I/O states are held in all modes of operation. The following table
compares the various power modes available.

Table 7-1. MCU power modes
Power mode Description Normal recovery method

Normal Run Allows maximum performance of MCU. -

Normal Wait Allows peripherals to function while allowing CPU to go to sleep,
reducing power.

Interrupt

Normal Stop Places MCU in static state. Lowest power mode that retains all
registers while maintaining LVD protection.

Interrupt

Table continues on the next page...
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Chapter 8
Security

8.1 Introduction
The device implements security based on the mode selected from the flash module. The
following sections provides an overview of flash security and effects of security on non-
flash modules.

8.2 Flash Security
The flash module provides security information to the MCU based on the state held by
the flash memory (FTFL) module's FSEC[SEC] bits. The MCU, in turn, confirms the
security request and limits access to flash resources. During reset, the flash module
initializes the FSEC register using data read from the security byte of the flash
configuration field. For more information, refer to the Flash Configuration Field
Description.

NOTE
The security features apply only to external accesses via debug
and EzPort. CPU accesses to the flash are not affected by the
status of FSEC.

In the unsecured state, all flash commands are available to the programming interfaces
(BDM and EzPort) and so is user code execution of Flash Controller commands. When
the flash is secured, programmer interfaces have no access to memory locations and are
allowed only to launch mass erase operations.

Further information regarding the flash security options and enabling/disabling flash
security is available in the detailed description of the flash memory module. Further
information regarding the flash security options and enabling/disabling flash security in
BDM is available in the detailed description of V1 ColdFire debug.
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Chapter 9
Signal Multiplexing and Signal Descriptions

9.1 Introduction
To optimize functionality in small packages, pins have several functions available via
signal multiplexing. This chapter illustrates which of this device's signals are multiplexed
on which external pin.

The Port Mux Control block controls which signal is present on the external pin. Refer to
that chapter to find which register controls the operation of a specific pin.

9.2 Signal Multiplexing Integration
This section summarizes how the module is integrated into the device. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Register
access

Signal Multiplexing/
Port Mux Control

Transfers
Module

Peripheral Bridge

Module

Module E
xt

er
na

l P
in

s

Transfers

Figure 9-1. Signal multiplexing integration

Table 9-1. Reference links to related information
Topic Related module Reference

Full description Port control Port Mux Control

System memory map System memory map

Table continues on the next page...
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Chapter 10
Port Mux Control

10.1 Pin Mux Control
Package pins can be programmed for up to sixteen different functions using the mux
control registers. Controls are organized by GPIO port. Each GPIO port has four mux
control registers, consisting of 4 bits per package pin. Alternate values for each function
match the column number in which that function occurs in the pin summary table. That
is, default functions are assigned value 00h, ALT1 functions 01h, and so on. Setting the
RESERVED setting in the port muxing results in the DEFAULT function for the pin.

CAUTION
For any GPIO pin that is not available in a package, do not
change the port mux control field for that pin. If you change the
port mux control field for such a pin, the pin is enabled and can
generate unnecessary current leakage.

Memory Map and Registers
MXC memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_8060 Port A Pin Function 0 Register (MXC_PTAPF0) 8 R/W 00h 10.2.1/164

FFFF_8061 Port A Pin Function 1 Register (MXC_PTAPF1) 8 R/W 00h 10.2.2/165

FFFF_8062 Port A Pin Function 2 Register (MXC_PTAPF2) 8 R/W 00h 10.2.3/165

FFFF_8063 Port A Pin Function 3 Register (MXC_PTAPF3) 8 R/W 00h 10.2.4/166

FFFF_8064 Port B Pin Function 0 Register (MXC_PTBPF0) 8 R/W 00h 10.2.5/167

FFFF_8065 Port B Pin Function 1 Register (MXC_PTBPF1) 8 R/W 00h 10.2.6/167

FFFF_8066 Port B Pin Function 2 Register (MXC_PTBPF2) 8 R/W 00h 10.2.7/168

FFFF_8067 Port B Pin Function 3 Register (MXC_PTBPF3) 8 R/W 00h 10.2.8/169

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

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_8068 Port C Pin Function 0 Register (MXC_PTCPF0) 8 R/W 00h 10.2.9/170

FFFF_8069 Port C Pin Function 1 Register (MXC_PTCPF1) 8 R/W 00h 10.2.10/170

FFFF_806A Port C Pin Function 2 Register (MXC_PTCPF2) 8 R/W 00h 10.2.11/171

FFFF_806B Port C Pin Function 3 Register (MXC_PTCPF3) 8 R/W 00h 10.2.12/172

FFFF_806D Port D Pin Function 1 Register (MXC_PTDPF1) 8 R/W 02h 10.2.13/172

FFFF_806E Port D Pin Function 2 Register (MXC_PTDPF2) 8 R/W 00h 10.2.14/173

FFFF_806F Port D Pin Function 3 Register (MXC_PTDPF3) 8 R/W 00h 10.2.15/174

10.2.1 Port A Pin Function 0 Register (MXC_PTAPF0)
Address: FFFF_8060h base + 0h offset = FFFF_8060h

Bit 7 6 5 4 3 2 1 0
Read A7 A6Write
Reset 0 0 0 0 0 0 0 0

MXC_PTAPF0 field descriptions

Field Description

7–4
A7

Port A7 Pin Mux Controls

0000 Disabled
0001 PTA7
0010 LPT_ALT0
0011 Reserved
0100 Reserved
0101 RGPIO7
0110 Reserved
0111 Reserved
1000-1111 Reserved

3–0
A6

Port A6 Pin Mux Controls

0000 Disabled
0001 PTA6
0010 Reserved
0011 Reserved
0100 SAI0_RX_FS
0101 RGPIO6
0110 Reserved
0111 Reserved
1000-1111 Reserved

Memory Map and Registers
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10.2.2 Port A Pin Function 1 Register (MXC_PTAPF1)
Address: FFFF_8060h base + 1h offset = FFFF_8061h

Bit 7 6 5 4 3 2 1 0

Read A5 0
Write
Reset 0 0 0 0 0 0 0 0

MXC_PTAPF1 field descriptions

Field Description

7–4
A5

Port A5 Pin Mux Controls

0000 Disabled
0001 PTA5
0010 SCI2_CTS_b
0011 FTM1_CH4
0100 SAI0_RXD
0101 RGPIO5
0110 Reserved
0111 Reserved
1000-1111 Reserved

3–0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

10.2.3 Port A Pin Function 2 Register (MXC_PTAPF2)
Address: FFFF_8060h base + 2h offset = FFFF_8062h

Bit 7 6 5 4 3 2 1 0
Read A3 A2Write
Reset 0 0 0 0 0 0 0 0

MXC_PTAPF2 field descriptions

Field Description

7–4
A3

Port A3 Pin Mux Controls

0000 Disabled
0001 PTA3
0010 FTM1_CH2
0011 CLKOUT
0100 SAI0_RX_BCLK
0101 RGPIO3
0110 Reserved

Table continues on the next page...
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MXC_PTAPF2 field descriptions (continued)

Field Description

0111 Reserved
1000-1111 Reserved

3–0
A2

Port A2 Pin Mux Controls

0000 Disabled
0001 PTA2
0010 FTM1_CH1
0011 Reserved
0100 IIC1_SDA
0101 RGPIO2
0110 Reserved
0111 Reserved
1000-1111 Reserved

10.2.4 Port A Pin Function 3 Register (MXC_PTAPF3)
Address: FFFF_8060h base + 3h offset = FFFF_8063h

Bit 7 6 5 4 3 2 1 0

Read A1 0
Write
Reset 0 0 0 0 0 0 0 0

MXC_PTAPF3 field descriptions

Field Description

7–4
A1

Port A1 Pin Mux Controls

0000 Disabled
0001 PTA1
0010 FTM1_CH0
0011 Reserved
0100 IIC1_SCL
0101 RGPIO1
0110 Reserved
0111 Reserved
1000-1111 Reserved

3–0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

Memory Map and Registers
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10.2.5 Port B Pin Function 0 Register (MXC_PTBPF0)
Address: FFFF_8060h base + 4h offset = FFFF_8064h

Bit 7 6 5 4 3 2 1 0
Read B7 B6Write
Reset 0 0 0 0 0 0 0 0

MXC_PTBPF0 field descriptions

Field Description

7–4
B7

Port B7 Pin Mux Controls

0000 Disabled
0001 PTB7
0010 SCI1_TX
0011 SPI1_MOSI
0100 Reserved
0101 RGPIO15
0110 Reserved
0111 Reserved
1000-1111 Reserved

3–0
B6

Port B6 Pin Mux Controls

0000 Disabled
0001 PTB6
0010 Reserved
0011 SPI2_CLK
0100 Reserved
0101 RGPIO14
0110 Reserved
0111 Reserved
1000-1111 Reserved

10.2.6 Port B Pin Function 1 Register (MXC_PTBPF1)
Address: FFFF_8060h base + 5h offset = FFFF_8065h

Bit 7 6 5 4 3 2 1 0
Read B5 B4Write
Reset 0 0 0 0 0 0 0 0

MXC_PTBPF1 field descriptions

Field Description

7–4
B5

Port B5 Pin Mux Controls

0000 Disabled

Table continues on the next page...
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MXC_PTBPF1 field descriptions (continued)

Field Description

0001 PTB5
0010 SCI2_RX
0011 SPI2_MISO
0100 Reserved
0101 RGPIO13
0110 Reserved
0111 Reserved
1000-1111 Reserved

3–0
B4

Port B4 Pin Mux Controls

0000 Disabled
0001 PTB4
0010 SCI2_TX
0011 SPI2_MOSI
0100 Reserved
0101 RGPIO12
0110 Reserved
0111 Reserved
1000-1111 Reserved

10.2.7 Port B Pin Function 2 Register (MXC_PTBPF2)
Address: FFFF_8060h base + 6h offset = FFFF_8066h

Bit 7 6 5 4 3 2 1 0
Read B3 B2Write
Reset 0 0 0 0 0 0 0 0

MXC_PTBPF2 field descriptions

Field Description

7–4
B3

Port B3 Pin Mux Controls

0000 Disabled
0001 PTB3
0010 SCI0_CTS_b
0011 FTM0_CH0
0100 IIC0_SDA
0101 RGPIO11
0110 Reserved
0111 Reserved
1000-1111 Reserved

3–0
B2

Port B2 Pin Mux Controls

0000 Disabled

Table continues on the next page...
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MXC_PTBPF2 field descriptions (continued)

Field Description

0001 PTB2
0010 SCI0_RTS_b
0011 FTM0_CH1
0100 IIC0_SCL
0101 RGPIO10
0110 Reserved
0111 Reserved
1000-1111 Reserved

10.2.8 Port B Pin Function 3 Register (MXC_PTBPF3)
Address: FFFF_8060h base + 7h offset = FFFF_8067h

Bit 7 6 5 4 3 2 1 0
Read B1 B0Write
Reset 0 0 0 0 0 0 0 0

MXC_PTBPF3 field descriptions

Field Description

7–4
B1

Port B1 Pin Mux Controls

0000 IRQ0
0001 PTB1
0010 Reserved
0011 Reserved
0100 Reserved
0101 RGPIO9
0110 Reserved
0111 Reserved
1000-1111 Reserved

3–0
B0

Port B0 Pin Mux Controls

0000 Disabled
0001 PTB0
0010 Reserved
0011 Reserved
0100 Reserved
0101 RGPIO8
0110 Reserved
0111 Reserved
1000-1111 Reserved
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10.2.9 Port C Pin Function 0 Register (MXC_PTCPF0)
Address: FFFF_8060h base + 8h offset = FFFF_8068h

Bit 7 6 5 4 3 2 1 0

Read C7 0
Write
Reset 0 0 0 0 0 0 0 0

MXC_PTCPF0 field descriptions

Field Description

7–4
C7

Port C7 Pin Mux Controls

0000 Disabled
0001 PTC7
0010 Reserved
0011 SPI1_SS
0100 Reserved
0101 Reserved
0110 Reserved
0111 Reserved
1000-1111 Reserved

3–0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

10.2.10 Port C Pin Function 1 Register (MXC_PTCPF1)
Address: FFFF_8060h base + 9h offset = FFFF_8069h

Bit 7 6 5 4 3 2 1 0
Read C5 C4Write
Reset 0 0 0 0 0 0 0 0

MXC_PTCPF1 field descriptions

Field Description

7–4
C5

Port C5 Pin Mux Controls

0000 IRQ2
0001 PTC5
0010 SCI1_CTS_b
0011 TMR_CLKIN0
0100 Reserved
0101 Reserved
0110 Reserved

Table continues on the next page...
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MXC_PTCPF1 field descriptions (continued)

Field Description

0111 Reserved
1000-1111 Reserved

3–0
C4

Port C4 Pin Mux Controls

0000 IRQ1
0001 PTC4
0010 SCI1_RTS_b
0011 Reserved
0100 Reserved
0101 Reserved
0110 Reserved
0111 Reserved
1000-1111 Reserved

10.2.11 Port C Pin Function 2 Register (MXC_PTCPF2)
Address: FFFF_8060h base + Ah offset = FFFF_806Ah

Bit 7 6 5 4 3 2 1 0
Read C3 C2Write
Reset 0 0 0 0 0 0 0 0

MXC_PTCPF2 field descriptions

Field Description

7–4
C3

Port C3 Pin Mux Controls

0000 Disabled
0001 PTC3
0010 Reserved
0011 SPI1_CLK
0100 Reserved
0101 Reserved
0110 Reserved
0111 Reserved
1000-1111 Reserved

3–0
C2

Port C2 Pin Mux Controls

0000 Disabled
0001 PTC2
0010 SCI1_RX
0011 SPI1_MISO
0100 Reserved
0101 Reserved
0110 Reserved

Table continues on the next page...
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MXC_PTCPF2 field descriptions (continued)

Field Description

0111 Reserved
1000-1111 Reserved

10.2.12 Port C Pin Function 3 Register (MXC_PTCPF3)
Address: FFFF_8060h base + Bh offset = FFFF_806Bh

Bit 7 6 5 4 3 2 1 0
Read C1 C0Write
Reset 0 0 0 0 0 0 0 0

MXC_PTCPF3 field descriptions

Field Description

7–4
C1

Port C1 Pin Mux Controls

0000 IRQ3
0001 PTC1
0010 FTM1_CH5
0011 CLKOUT
0100 Reserved
0101 Reserved
0110 Reserved
0111 Reserved
1000-1111 Reserved

3–0
C0

Port C0 Pin Mux Controls

0000 Disabled
0001 PTC0
0010 Reserved
0011 SPI2_SS
0100 Reserved
0101 USBCLKIN
0110 Reserved
0111 Reserved
1000-1111 Reserved

10.2.13 Port D Pin Function 1 Register (MXC_PTDPF1)
Address: FFFF_8060h base + Dh offset = FFFF_806Dh

Bit 7 6 5 4 3 2 1 0

Read 0 D4
Write
Reset 0 0 0 0 0 0 1 0
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MXC_PTDPF1 field descriptions

Field Description

7–4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

3–0
D4

Port D4 Pin Mux Controls

0000 Disabled
0001 PTD4
0010 BKGD
0011 MS
0100 Reserved
0101 Reserved
0110 Reserved
0111 Reserved
1000-1111 Reserved

10.2.14 Port D Pin Function 2 Register (MXC_PTDPF2)
Address: FFFF_8060h base + Eh offset = FFFF_806Eh

Bit 7 6 5 4 3 2 1 0
Read D3 D2Write
Reset 0 0 0 0 0 0 0 0

MXC_PTDPF2 field descriptions

Field Description

7–4
D3

Port D3 Pin Mux Controls

0000 Disabled
0001 PTD3
0010 Reserved
0011 SPI0_CLK
0100 SAI0_MCLK/SAI0_CLKIN
0101 Reserved
0110 Reserved
0111 Reserved
1000-1111 Reserved

3–0
D2

Port D2 Pin Mux Controls

0000 Disabled
0001 PTD2
0010 SCI0_RX
0011 SPI0_MISO
0100 SAI0_TX_BCLK
0101 Reserved
0110 Reserved

Table continues on the next page...
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MXC_PTDPF2 field descriptions (continued)

Field Description

0111 Reserved
1000-1111 Reserved

10.2.15 Port D Pin Function 3 Register (MXC_PTDPF3)
Address: FFFF_8060h base + Fh offset = FFFF_806Fh

Bit 7 6 5 4 3 2 1 0
Read D1 D0Write
Reset 0 0 0 0 0 0 0 0

MXC_PTDPF3 field descriptions

Field Description

7–4
D1

Port D1 Pin Mux Controls

0000 Disabled
0001 PTD1
0010 SCI0_TX
0011 SPI0_MOSI
0100 SAI0_TXD
0101 Reserved
0110 Reserved
0111 Reserved
1000-1111 Reserved

3–0
D0

Port D0 Pin Mux Controls

0000 Disabled
0001 PTD0
0010 SPI0_SS
0011 Reserved
0100 SAI0_TX_FS
0101 Reserved
0110 Reserved
0111 Reserved
1000-1111 Reserved
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Chapter 11
Core

11.1 Introduction
This section describes the organization of the Version 1 (V1) ColdFire processor core and
an overview of the program-visible registers. For detailed information on instructions, see
the ISA_ C definition in the ColdFire Family Programmer's Reference Manual.

11.1.1 Overview
As with all ColdFire cores, the V1 ColdFire core consists of two separate pipelines
decoupled by an instruction buffer.
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Table 11-12. SR field descriptions (continued)

Field Description

13

S

Supervisor/user state

0 User mode

1 Supervisor mode

12

M

Master/interrupt state

This bit is cleared by an interrupt exception, and software can set it during execution of the RTE or
move to SR instructions.

11 Reserved; must be cleared.

10–8

I

Interrupt level mask

Defines current interrupt level. Interrupt requests are inhibited for all priority levels less than or equal
to current level, except edge-sensitive level 7 requests, which cannot be masked.

7–0 Refer to Condition code register (CCR)

Functional Description

11.3.1 Instruction Set Architecture
The original ColdFire instruction set architecture (ISA_A) was derived from the M68000
family opcodes based on extensive analysis of embedded application code. The ISA was
optimized for code compiled from high-level languages where the dominant operand size
was the 32-bit integer declaration. This approach minimized processor complexity and
cost, while providing excellent performance for compiled applications.

After the initial ColdFire compilers were created, developers noted there were certain
ISA additions that would enhance code density and overall performance. Additionally, as
users implemented ColdFire-based designs into a wide range of embedded systems, they
found certain frequently-used instruction sequences that could be improved by the
creation of additional instructions.

The original ISA definition minimized support for instructions referencing byte- and
word-sized operands. Full support for the move byte and move word instructions was
provided, but the only other opcodes supporting these data types are CLR (clear) and
TST (test). A set of instruction enhancements has been implemented in subsequent ISA
revisions, ISA_B and ISA_C. The new opcodes primarily addressed three areas:

1. Enhanced support for byte and word-sized operands

2. Enhanced support for position-independent code

3. Miscellaneous instruction additions to address new functionality

11.3

Functional Description
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The notion of a software IACK refers to the ability to query the interrupt controller near
the end of an interrupt service routine (after the current interrupt request has been
cleared) to determine if there are any pending (but currently masked) interrupt requests. If
the response to the software IACK's byte operand read is non-zero, the service routine
uses the value as the vector number of the highest pending interrupt request and passes
control to the appropriate new handler. This process avoids the overhead of a context
restore and RTE instruction execution followed immediately by another interrupt
exception and context save. In system environments with high rates of interrupt activity,
this mechanism can improve overall performance noticeably.

Emulation of the S08's 1-level IRQ processing can easily be managed by software
convention within the ColdFire interrupt service routines. For this type of operation, only
two of the seven interrupt levels are used:

• SR[I] equals 0 indicates interrupts are enabled

• SR[I] equals 7 indicates interrupts are disabled

Recall that ColdFire treats true level 7 interrupts as edge-sensitive, non-maskable
requests. Typically, only the IRQ input pin and a low-voltage detect are assigned as level
7 requests. All the remaining interrupt requests (levels 1-6) are masked when SR[I]
equals 7. In any case, all ColdFire processors guarantee that the first instruction of any
exception handler is executed before interrupt sampling resumes. By making the first
instruction of the ISR a store/load status register (STLDSR #0x2700) or a move-to-SR
(MOVE.W #2700,SR) instruction, interrupts can be safely disabled until the service
routine is exited with an RTE instruction that lowers the SR[I] back to level 0. The same
functionality can also be provided without an explicit instruction by setting
CPUCR[IME] because this forces the processor to load SR[I] with 7 on each interrupt
exception.

Processor Exceptions

11.3.3.1 Access Error Exception
The default operation of the V1 ColdFire processor is the generation of an illegal address
reset event if an access error (also known as a bus error) is detected. If CPUCR[ARD] is
set, the reset is disabled and a processor exception is generated as detailed below.

The exact processor response to an access error depends on the memory reference being
performed. For an instruction fetch, the processor postpones the error reporting until the
faulted reference is needed by an instruction for execution. Therefore, faults during

11.3.3

Processor Exceptions
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Chapter 12
Enhanced Multiply-Accumulate Unit (EMAC)

12.1 Introduction
This chapter describes the functionality, microarchitecture, and performance of the
enhanced multiply-accumulate (EMAC) unit in the ColdFire family of processors.

12.1.1 Overview
The EMAC design provides a set of DSP operations that can improve the performance of
embedded code while supporting the integer multiply instructions of the baseline
ColdFire architecture.

The EMAC provides functionality in three related areas:

1. Signed and unsigned integer multiplication

2. Multiply-accumulate operations supporting signed and unsigned integer operands as
well as signed, fixed-point, and fractional operands

3. Miscellaneous register operations

The ColdFire family supports two MAC implementations with different performance
levels and capabilities. The original MAC features a three-stage execution pipeline
optimized for 16-bit operands, with a 16×16 multiply array and a single 32-bit
accumulator. The EMAC features a three-stage pipeline optimized for 32-bit operands,
with a fully pipelined 32×32 multiply array and four 48-bit accumulators.

The first ColdFire MAC supported signed and unsigned integer operands and was
optimized for 16x16 operations, such as those found in applications including servo
control and image compression. As ColdFire-based systems proliferated, the desire for
more precision on input operands increased. The result was an improved ColdFire MAC
with user-programmable control to optionally enable use of fractional input operands.
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Chapter 13
System Integration Module (SIM)

13.1 Introduction
The system integration module (SIM) provides system control and chip configuration
registers.

13.1.1 Features
• Configuration for system clocking

• Clock source selection for LPTMR, RTC, COP, USB, and CLKOUT.
• System clock divide values
• USB clock divide values

• Architectural clock gating control
• Flash configuration
• USB regulator configuration
• RAM size configuration
• Flextimer external clock select and fault source
• Modulation and pad drive strength control of SCI2_TX
• 32 kHz OSC control selection

13.1.2 Modes of operation
• Run mode
• Wait mode
• Stop mode
• VLPR, VLPW, VLPS, and VLLSx modes
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SIM memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_80C0 System Options Register 1 (SIM_SOPT1) 8 R/W 0Ch 13.2.1/238

FFFF_80C1 System Options Register 2 (SIM_SOPT2) 8 R/W See section 13.2.2/239

FFFF_80C2 System Options Register 3 (SIM_SOPT3) 8 R/W 02h 13.2.3/239

FFFF_80C3 System Options Register 4 (SIM_SOPT4) 8 R/W See section 13.2.4/240

FFFF_80C4 System Options Register 5 (SIM_SOPT5) 8 R/W See section 13.2.5/241

FFFF_80C5 System Options Register 6 (SIM_SOPT6) 8 R/W 00h 13.2.6/242

FFFF_80C6 System Options Register 7 (SIM_SOPT7) 8 R/W 00h 13.2.7/243

FFFF_80C7 System Options Register 8 (SIM_SOPT8) 8 R Undefined 13.2.8/244

FFFF_80C8 COP Service Register (SIM_SRVCOP) 8
W

(always
reads 0)

00h 13.2.9/245

FFFF_80CB Oscillator 1 Control Register (SIM_OSC1) 8 R/W 00h 13.2.10/245

FFFF_80CC System Device Identification High Register (SIM_SDIDH) 8 R 0Eh 13.2.11/246

FFFF_80CD System Device Identification Low Register (SIM_SDIDL) 8 R 02h 13.2.12/247

FFFF_80CE System Clock Gate Control Register 1 (SIM_SCGC1) 8 R/W 00h 13.2.13/247

FFFF_80CF System Clock Gate Control Register 2 (SIM_SCGC2) 8 R/W 00h 13.2.14/248

FFFF_80D0 System Clock Gate Control Register 3 (SIM_SCGC3) 8 R/W 00h 13.2.15/249

FFFF_80D1 System Clock Gate Control Register 4 (SIM_SCGC4) 8 R/W 81h 13.2.16/250

FFFF_80D2 System Clock Gate Control Register 5 (SIM_SCGC5) 8 R/W 01h 13.2.17/251

FFFF_80D3 System Clock Gate Control Register 6 (SIM_SCGC6) 8 R/W 00h 13.2.18/252

FFFF_80D4 Flash Configuration Register 1 (SIM_FCFG1) 8 R/W Undefined 13.2.19/253

FFFF_80D5 Flash Configuration Register 2 (SIM_FCFG2) 8 R/W See section 13.2.20/253

FFFF_80D7 Clockout Register (SIM_CLKOUT) 8 R/W 07h 13.2.21/254

FFFF_80D8 Clock Divider 0 Register (SIM_CLKDIV0) 8 R/W See section 13.2.22/255

FFFF_80D9 Clock Divider 1 Register (SIM_CLKDIV1) 8 R/W 00h 13.2.23/256

FFFF_80DA SPI Wakeup Control Register (SIM_SPIWKUP) 8 R/W 00h 13.2.24/256

FFFF_80DC FTM Fault Configuration Register (SIM_FTM_FAULT) 8 R/W 00h 13.2.25/257

FFFF_80DE Flash Configuration Register (SIM_SPCR) 8 R 39h 13.2.26/258

FFFF_80E0 Unique Identification Register (SIM_UIDH3) 8 R Undefined 13.2.27/259

FFFF_80E1 Unique Identification Register (SIM_UIDH2) 8 R Undefined 13.2.28/259

FFFF_80E2 Unique Identification Register (SIM_UIDH1) 8 R Undefined 13.2.29/260

FFFF_80E3 Unique Identification Register (SIM_UIDH0) 8 R Undefined 13.2.30/260

FFFF_80E4 Unique Identification Register (SIM_UIDMH3) 8 R Undefined 13.2.31/261

FFFF_80E5 Unique Identification Register (SIM_UIDMH2) 8 R Undefined 13.2.32/261

FFFF_80E6 Unique Identification Register (SIM_UIDMH1) 8 R Undefined 13.2.33/262

FFFF_80E7 Unique Identification Register (SIM_UIDMH0) 8 R Undefined 13.2.34/262

FFFF_80E8 Unique Identification Register (SIM_UIDML3) 8 R Undefined 13.2.35/263

FFFF_80E9 Unique Identification Register (SIM_UIDML2) 8 R Undefined 13.2.36/263

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

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_80EA Unique Identification Register (SIM_UIDML1) 8 R Undefined 13.2.37/264

FFFF_80EB Unique Identification Register (SIM_UIDML0) 8 R Undefined 13.2.38/264

FFFF_80EC Unique Identification Register (SIM_UIDL3) 8 R Undefined 13.2.39/265

FFFF_80ED Unique Identification Register (SIM_UIDL2) 8 R Undefined 13.2.40/265

FFFF_80EE Unique Identification Register (SIM_UIDL1) 8 R Undefined 13.2.41/266

FFFF_80EF Unique Identification Register (SIM_UIDL0) 8 R Undefined 13.2.42/266

13.2.1 System Options Register 1 (SIM_SOPT1)
Address: FFFF_80C0h base + 0h offset = FFFF_80C0h

Bit 7 6 5 4 3 2 1 0

Read 0 COPT COPCLKS COPW
Write
Reset 0 0 0 0 1 1 0 0

SIM_SOPT1 field descriptions

Field Description

7–4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

3–2
COPT

COP watchdog timeout

These write-once bits select the timeout period of the COP. COPT along with SOPT1[COPCLKS] defines
the COP timeout period. Refer to COP Watchdog for more details.

1
COPCLKS

COP watchdog clock select

This write-once bit selects the clock source of the COP watchdog.

0 Internal 1 kHz clock is a source to COP. (reset value).
1 Bus clock is a source to COP.

0
COPW

COP window mode

This write-once bit specifies whether the COP operates in Normal or Window mode. In Window mode, the
0x55–0xAA write sequence to the SRS register must occur within the last 25% of the selected period. Any
write to the SRS register during the first 75% of the selected period resets the MCU.

0 Normal mode (reset value).
1 Window mode.

Memory Map and Registers
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13.2.2 System Options Register 2 (SIM_SOPT2)
Address: FFFF_80C0h base + 1h offset = FFFF_80C1h

Bit 7 6 5 4 3 2 1 0

Read USBREGEN 0 Reserved OSC1ISO 0
Write
Reset 1 0 * * * * 0 0

* Notes:
Reserved field: The value of each bit of this reserved field can be 0 or 1.•

SIM_SOPT2 field descriptions

Field Description

7
USBREGEN

USB voltage regulator enable

0 USB voltage regulator is disabled.
1 USB voltage regulator is enabled (reset value).

6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5–2
Reserved

This field is reserved.
The value is set by IFR bits.

1
OSC1ISO

Oscillator Isolation

This bit indicates if OSC1 is in latched state and ignores any change of input digital control signals. This bit
only gets reset in POR/LVD and holds its vaue in VLLS mode.

OSC1 will be in latched state during VLLS mode irrespective of the state of this bit.

NOTE: This bit resets on Chip POR not VLLS.

0 OSC1 is in normal state and any change of input control signal will come into effect.
1 All input controls of OSC1 analog blocks are latched. Any change to the control will have no effect on

OSC1.

0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

13.2.3 System Options Register 3 (SIM_SOPT3)
Address: FFFF_80C0h base + 2h offset = FFFF_80C2h

Bit 7 6 5 4 3 2 1 0

Read USBSRC USB_CLK_
SRC_SEL

0 MECS F1ECS F0ECS
Write
Reset 0 0 0 0 0 0 1 0
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SIM_SOPT3 field descriptions

Field Description

7
USBSRC

USB clock source select

0 Divided PLL (reset value).
1 Divided FLL.

6
USB_CLK_SRC_

SEL

This bit selects between internal and external USB clock source.

0 Internal divider output (default).
1 USB CLKIN (from PAD).

5–4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

3–2
MECS

MTIM16 external clock source select

00 TMR_CLKIN0 (reset value)
01 Reserved
10 FTM0 Ch1 Out
11 FTM1 Ch1 Out

1
F1ECS

FTM1 external clock select

0 TMR_CLKIN0
1 Reserved

0
F0ECS

FTM0 external clock select

0 TMR_CLKIN0 (reset value)
1 Reserved

13.2.4 System Options Register 4 (SIM_SOPT4)
Address: FFFF_80C0h base + 3h offset = FFFF_80C3h

Bit 7 6 5 4 3 2 1 0
Read RAMSIZE STOPE WAITE LPT0CS RTCCSWrite
Reset x* x* x* x* 0 1 0 0

* Notes:
x = Undefined at reset.•

SIM_SOPT4 field descriptions

Field Description

7–4
RAMSIZE

Size of RAM array.

Specifies the amount of system RAM available on the device. Its reset value is loaded from IFR bits.

0000 Reserved
0001 Reserved
0010 Reserved

Table continues on the next page...
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SIM_SOPT4 field descriptions (continued)

Field Description

0011 16 KB
0100 Reserved
0101 32 KB
0110 Reserved
0111 64 KB
Other Reserved

3
STOPE

Stop mode enable

This write-once bit is used to enable Stop mode. If both Stop and Wait modes are disabled and a user
program attempts to execute a STOP instruction, an illegal opcode reset may be generated depending on
CPUCR[IRD].

2
WAITE

Wait mode enable

This write-anytime bit is used to enable Wait mode. If both Stop and Wait modes are disabled and a user
program attempts to execute a STOP instruction, an illegal opcode reset may be generated depending on
CPUCR[IRD].

1
LPT0CS

LPT0 external clock source select

0 OSC1_32KCLK
1 OSC2_32KCLK

0
RTCCS

RTC clock source select

0 OSC1_32KCLK
1 MCGIRCLK

13.2.5 System Options Register 5 (SIM_SOPT5)
Address: FFFF_80C0h base + 4h offset = FFFF_80C4h

Bit 7 6 5 4 3 2 1 0

Read USBSSTB USBVSTB 0 Reserved VLLDBGRE
QWrite

Reset 0 0 0 0 * * * 0

* Notes:
Reserved field: The value of each bit of this reserved field can be 0 or 1.•

SIM_SOPT5 field descriptions

Field Description

7
USBSSTB

USB voltage regulator standby in stop modes

This bit controls whether the USB VREG enters standby in VLPS, LLS, and VLLS modes.

0 USB VREG does not enter standby in VLPS, LLS, and VLLS modes (reset value).
1 USB VREG enters standby in VLPS, LLS, and VLLS modes.

Table continues on the next page...
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SIM_SOPT5 field descriptions (continued)

Field Description

6
USBVSTB

USB Voltage Regulator standby in run/wait modes

This bit controls whether the USB VREG enters standby in VLPW and VLPR modes.

0 USB VREG does not enter standby in VLPW and VLPR modes (reset value).
1 USB VREG enters standby in VLPW and VLPR modes.

5–4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

3–1
Reserved

This field is reserved.
The value is set by IFR bits.

0
VLLDBGREQ

VLLS debug request upon wakeup

VLLDBGREQ is writable only via BDM commands.

0 Wakeup from VLLS is via reset (reset value).
1 Wakeup from VLLS is via reset to active background mode.

13.2.6 System Options Register 6 (SIM_SOPT6)
Address: FFFF_80C0h base + 5h offset = FFFF_80C5h

Bit 7 6 5 4 3 2 1 0

Read 0 MTBASE1 0 MODTX2 PTB4PAD 0
Write
Reset 0 0 0 0 0 0 0 0

SIM_SOPT6 field descriptions

Field Description

7–6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5–4
MTBASE1

SCI2 TX modulation time base select

00 FTM0 Ch0 (reset value)
01 FTM0 Ch1
10 FTM1 Ch0
11 MTIM

3
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

2
MODTX2

Modulate TX2

0 Do not modulate the output of SCI2 (reset value).
1 Modulate the output of SCI2 with the timebase selected via the SOPT6[MTBASE1].

1
PTB4PAD

PTB4 SCI2 Tx double pad strength

0 Standard drive strength (reset value)
1 High drive strength

Table continues on the next page...

Memory Map and Registers

MCF51JG256 Reference Manual, Rev. 1, 01/2013

242 Freescale Semiconductor, Inc.



SIM_SOPT6 field descriptions (continued)

Field Description

0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

13.2.7 System Options Register 7 (SIM_SOPT7)
Address: FFFF_80C0h base + 6h offset = FFFF_80C6h

Bit 7 6 5 4 3 2 1 0

Read USBBE 0 IICDR0 0 FTM1SYNC FTM0SYNC
Write
Reset 0 0 0 0 0 0 0 0

SIM_SOPT7 field descriptions

Field Description

7
USBBE

USB Byte-swap Enable

Enables byte swapping for all USB master accesses via the crossbar (swaps [31:24] with [7:0] and swaps
[23:16] with [15:8]). Byte swapping affects all USB read data, USB write data, and USB BD accesses. This
enable bit should only be written when the USB is disabled.

0 Byte-swap disabled (reset value)
1 Byte-swap enabled

6–4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

3
IICDR0

IIC link for IIC0 and IIC1

0 IIC0 and IIC1 operate in their respective pins (reset value).
1 IIC0 and IIC1 have their pins connected internally.

2
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

1
FTM1SYNC

FTM1 synchronization trigger

0 No trigger generated. (reset value)
1 Generate a PWM synchronization trigger to the FTM1 module.

0
FTM0SYNC

FTM0 synchronization trigger

0 No trigger generated. (reset value)
1 Generate a PWM synchronization trigger to the FTM0 module.
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13.2.8 System Options Register 8 (SIM_SOPT8)
Address: FFFF_80C0h base + 7h offset = FFFF_80C7h

Bit 7 6 5 4 3 2 1 0

Read EEESIZE DEPART

Write

Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

SIM_SOPT8 field descriptions

Field Description

7–4
EEESIZE

EEE size

EEE data size as set by IFR bits.

0000 Reserved
0001 Reserved
0010 Reserved
0011 2 KB
0100 1 KB
0101 512 bytes
0110 256 bytes
0111 128 Bytes
1000 64 bytes
1001 32 bytes
1010 0 bytes
1011 0 bytes
1100 0 bytes
1101 0 bytes
1110 0 bytes
1111 0 bytes

3–0
DEPART

D-Flash/E-Flash split

Value is set by IFR bits.

0000 When Flexmemory=32 KB, D-Flash size is 32 KB and E-Flash size is 0 KB. When Flexmemory=16
KB, D-Flash size is 16 KB and E-Flash size is 0 KB.

0001 When Flexmemory=32 KB, D-Flash size is 24 KB and E-Flash size is 8 KB. When Flexmemory=16
KB, D-Flash size is 8 KB and E-Flash size is 8 KB.

0010 When Flexmemory=32 KB, D-Flash size is 16 KB and E-Flash size is 16 KB. When
Flexmemory=16 KB, D-Flash size is 0 KB and E-Flash size is 16 KB.

0011 When Flexmemory=32 KB, D-Flash size is 0 KB and E-Flash size is 32 KB. When Flexmemory=16
KB, reserved.

0100 When Flexmemory=32 KB, reserved. When Flexmemory=16 KB, reserved.
0101 When Flexmemory=32 KB, reserved. When Flexmemory=16 KB, reserved.
0110 When Flexmemory=32 KB, reserved. When Flexmemory=16 KB, reserved.

Table continues on the next page...
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SIM_SOPT8 field descriptions (continued)

Field Description

0111 When Flexmemory=32 KB, reserved. When Flexmemory=16 KB, reserved.
1000 When Flexmemory=32 KB, D-Flash size 0 KB and E-Flash size is 32 KB. When Flexmemory=16

KB, D-Flash size is 0 KB and E-Flash size is 16 KB.
1001 When Flexmemory=32 KB, D-Flash size is 8 KB and E-Flash size is 24 KB. When Flexmemory=16

KB, D-Flash size is 8 KB and E-Flash size is 8 KB.
1010 When Flexmemory=32 KB, D-Flash size is 16 KB and E-Flash size is 16 KB. When

Flexmemory=16 KB, D-Flash size is 16 KB and E-Flash size is 0 KB.
1011 When Flexmemory=32 KB, D-Flash size is 32 KB and E-Flash size is 0 KB. When Flexmemory=16

KB, reserved.
1100 When Flexmemory=32 KB, reserved. When Flexmemory=16 KB, reserved.
1101 When Flexmemory=32 KB, reserved. When Flexmemory=16 KB, reserved.
1110 When Flexmemory=32 KB, reserved. When Flexmemory=16 KB, reserved.
1111 When Flexmemory=32 KB, reserved (32/0). When Flexmemory=16 KB, reserved (16/0).

13.2.9 COP Service Register (SIM_SRVCOP)
Address: FFFF_80C0h base + 8h offset = FFFF_80C8h

Bit 7 6 5 4 3 2 1 0

Read 0

Write SRVCOP

Reset 0 0 0 0 0 0 0 0

SIM_SRVCOP field descriptions

Field Description

7–0
SRVCOP

Write 0x55 followed by 0xAA to reset the COP timeout counter. As soon as the write sequence is
complete, the COP timeout period is restarted. If the program fails to perform this restart during the
timeout period, the microcontroller resets. If any value other than 0x55 or 0xAA is written to the SRVCOP
register, the microcontroller immediately resets.

13.2.10 Oscillator 1 Control Register (SIM_OSC1)

Controls OSC1. OSC2 is controlled by the MCG registers.

Address: FFFF_80C0h base + Bh offset = FFFF_80CBh

Bit 7 6 5 4 3 2 1 0

Read OSC1EN 0 RANGE1 HG01 EREFS1 0
Write
Reset 0 0 0 0 0 0 0 0
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SIM_OSC1 field descriptions

Field Description

7
OSC1EN

Oscillator 1 enable

Enables oscillator 1.

0 Oscillator 1 inactive.
1 Oscillator 1 active.

6–5
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

4–3
RANGE1

Frequency range select

Selects the frequency range for the crystal oscillator or external clock source. For details, refer to the OSC
chapter.

00 Encoding 0: Low frequency range for the crystal oscillator of 32 kHz to 40 kHz (reset default).
01 Reserved
1x Reserved

2
HG01

High gain oscillator select

Controls the crystal oscillator mode of operation. For details, refer to the OSC chapter.

0 Configure crystal oscillator for low-power operation.
1 Reserved

1
EREFS1

External reference select

Selects the source for the external reference clock. Refer to the OSC chapter for details.

0 External reference clock requested.
1 Oscillator requested.

0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

13.2.11 System Device Identification High Register (SIM_SDIDH)
Address: FFFF_80C0h base + Ch offset = FFFF_80CCh

Bit 7 6 5 4 3 2 1 0

Read REV
Reserved

Write

Reset 0 0 0 0 1 1 1 0

SIM_SDIDH field descriptions

Field Description

7–4
REV

Device Revision Number

Specifies the silicon implementation number for the device. This value comes from plugs, not IFR bits.

3–0
Reserved

This field is reserved.
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13.2.12 System Device Identification Low Register (SIM_SDIDL)
Address: FFFF_80C0h base + Dh offset = FFFF_80CDh

Bit 7 6 5 4 3 2 1 0

Read
Reserved

ID[5:0]

Write

Reset 0 0 0 0 0 0 1 0

SIM_SDIDL field descriptions

Field Description

7–6
Reserved

This field is reserved.

5–0
ID[5:0]

Device identification number

Specifies the device identification number as set by the IFR bits. Its reset value is loaded from the IFR
register.

13.2.13 System Clock Gate Control Register 1 (SIM_SCGC1)
Address: FFFF_80C0h base + Eh offset = FFFF_80CEh

Bit 7 6 5 4 3 2 1 0
Read IIC1 IIC0 SPI2 SPI1 SPI0 SCI2 SCI1 SCI0Write
Reset 0 0 0 0 0 0 0 0

SIM_SCGC1 field descriptions

Field Description

7
IIC1

IIC1 clock gate control

Controls the clock gate to the IIC1 module.

0 The clock to the module is disabled
1 The clock to the module is enabled.

6
IIC0

IIC0 clock gate control

Controls the clock gate to the IIC0 module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

5
SPI2

SPI2 clock gate control

Controls the clock gate to the SPI2 module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

Table continues on the next page...
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SIM_SCGC1 field descriptions (continued)

Field Description

4
SPI1

SPI1 clock gate control

Controls the clock gate to the SPI1 module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

3
SPI0

SPI0 clock gate control

Controls the clock gate to the SPI0 module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

2
SCI2

SCI2 clock gate control

Controls the clock gate to the SCI2 module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

1
SCI1

SCI1 clock gate control

Controls the clock gate to the SCI1 module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

0
SCI0

SCI0 clock gate control

Controls the clock gate to the SCI0 module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

13.2.14 System Clock Gate Control Register 2 (SIM_SCGC2)
Address: FFFF_80C0h base + Fh offset = FFFF_80CFh

Bit 7 6 5 4 3 2 1 0

Read SAI 0
Write
Reset 0 0 0 0 0 0 0 0

SIM_SCGC2 field descriptions

Field Description

7
SAI

SAI clock gate control

Controls the clock gate to the SAI module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

Table continues on the next page...
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SIM_SCGC2 field descriptions (continued)

Field Description

6–0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

13.2.15 System Clock Gate Control Register 3 (SIM_SCGC3)
Address: FFFF_80C0h base + 10h offset = FFFF_80D0h

Bit 7 6 5 4 3 2 1 0

Read CRC 0 MTIM FTM1 FTM0 0
Write
Reset 0 0 0 0 0 0 0 0

SIM_SCGC3 field descriptions

Field Description

7
CRC

CRC clock gate control

Controls the clock gate to the CRC module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

6–5
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

4
MTIM

MTIM clock gate control

Controls the clock gate to the MTIM module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

3
FTM1

FTM1 clock gate control

Controls the clock gate to the FTM1 module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

2
FTM0

FTM0 clock gate control

Controls the clock gate to the FTM0 module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

1–0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.
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13.2.16 System Clock Gate Control Register 4 (SIM_SCGC4)
Address: FFFF_80C0h base + 11h offset = FFFF_80D1h

Bit 7 6 5 4 3 2 1 0

Read FTFL DMA 0 IRQ3 IRQ2 IRQ1 IRQ0 COP
Write
Reset 1 0 0 0 0 0 0 1

SIM_SCGC4 field descriptions

Field Description

7
FTFL

FTFL clock gate control

Controls the clock gate to the FTFL module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

6
DMA

DMA clock gate control

Controls the clock gate to the DMA module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

5
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

4
IRQ3

IRQ3 clock gate control

Controls the clock gate to the IRQ3 module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

3
IRQ2

IRQ2 clock gate control

Controls the clock gate to the IRQ2 module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

2
IRQ1

IRQ1 clock gate control

Controls the clock gate to the IRQ1 module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

1
IRQ0

IRQ0 clock gate control

Controls the clock gate to the IRQ0 module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

0
COP

COP clock gate control

Table continues on the next page...
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SIM_SCGC4 field descriptions (continued)

Field Description
Controls the clock gate to the COP module.

CAUTION: If the COP is using the bus clock and is enabled and counting, and then the bus clock to the
COP is disabled:

• The COP cannot be serviced.
• The COP will still time out and cause a reset.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

13.2.17 System Clock Gate Control Register 5 (SIM_SCGC5)
Address: FFFF_80C0h base + 12h offset = FFFF_80D2h

Bit 7 6 5 4 3 2 1 0

Read RNGA 0 0 0 OSC2 OSC1 MCG
Write
Reset 0 0 0 0 0 0 0 1

SIM_SCGC5 field descriptions

Field Description

7
RNGA

RNGA clock gate control

Controls the clock gate to the RNGA module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

4–3
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

2
OSC2

OSC2 clock gate control

Controls the clock gate to the OSC2 module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

1
OSC1

OSC1 clock gate control

Controls the clock gate to the OSC1 module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

0
MCG

MCG clock gate control

Controls the clock gate to the MCG module.

Table continues on the next page...
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SIM_SCGC5 field descriptions (continued)

Field Description
0 The clock to the module is disabled.
1 The clock to the module is enabled.

13.2.18 System Clock Gate Control Register 6 (SIM_SCGC6)
Address: FFFF_80C0h base + 13h offset = FFFF_80D3h

Bit 7 6 5 4 3 2 1 0

Read USBOTG USBDCD 0 PORTD PORTC PORTB PORTA
Write
Reset 0 0 0 0 0 0 0 0

SIM_SCGC6 field descriptions

Field Description

7
USBOTG

USBOTG clock gate control

Controls the clock gate to the USBOTG module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

6
USBDCD

USBDCD clock gate control

Controls the clock gate to the USBDCD module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

5–4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

3
PORTD

PORTD clock gate control

Controls the clock gate to the PORTD module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

2
PORTC

PORTC clock gate control

Controls the clock gate to the PORTC module.

0 The clock to the module is disabled.
1 The clock to the module is enabled

1
PORTB

PORTB clock gate control

Controls the clock gate to the PORTB module.

0 The clock to the module is disabled.
1 The clock to the module is enabled

Table continues on the next page...
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SIM_SCGC6 field descriptions (continued)

Field Description

0
PORTA

PORTA clock gate control

Controls the clock gate to the PORTA module.

0 The clock to the module is disabled.
1 The clock to the module is enabled.

13.2.19 Flash Configuration Register 1 (SIM_FCFG1)
Address: FFFF_80C0h base + 14h offset = FFFF_80D4h

Bit 7 6 5 4 3 2 1 0
Read MAXADDR1 MAXADDR0Write
Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

SIM_FCFG1 field descriptions

Field Description

7–5
MAXADDR1

MSB of first invalid address of Array 1 (D-Flash).

These bits are set by IFR.

4–0
MAXADDR0

MSB of first invalid address of Array 0 (D-Flash).

These bits are set by IFR.

13.2.20 Flash Configuration Register 2 (SIM_FCFG2)
Address: FFFF_80C0h base + 15h offset = FFFF_80D5h

Bit 7 6 5 4

Read PFLASH_SWAP 0

Write

Reset * 0 0 0

Bit 3 2 1 0

Read 0

Write

Reset 0 0 0 0

* Notes:
PFLASH_SWAP field: The value of each bit of this reserved field can be 0 or 1.•
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SIM_FCFG2 field descriptions

Field Description

7
PFLASH_SWAP

Flash Swap Indicator.

This indicates if the flash swap system has been initialized and thus potientially ready to be swapped.

6–0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

13.2.21 Clockout Register (SIM_CLKOUT)
Address: FFFF_80C0h base + 17h offset = FFFF_80D7h

Bit 7 6 5 4 3 2 1 0

Read 0 CS 0 CLKOUTDIV
Write
Reset 0 0 0 0 0 1 1 1

SIM_CLKOUT field descriptions

Field Description

7
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

6–4
CS

CLKOUT pin clock select

000 Disabled (reset value)
001 OSC1ERCLK
010 OSC2ERCLK
011 MCGOUT
100 SYSCLK
101 BUSCLK
110 LPOCLK
111 LPTMR0 prescaler clock output

3
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

2–0
CLKOUTDIV

Division of the CLKOUT pin

000 Division by 1
001 Division by 2
010 Division by 4
011 Division by 8
100 Division by 16
101 Division by 32
110 Division by 64
111 Division by 128 (reset value)
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13.2.22 Clock Divider 0 Register (SIM_CLKDIV0)
Address: FFFF_80C0h base + 18h offset = FFFF_80D8h

Bit 7 6 5 4 3 2 1 0

Read 0 OUTDIV
Write
Reset 0 0 0 0 x* x* x* x*

* Notes:
x = Undefined at reset.•

SIM_CLKDIV0 field descriptions

Field Description

7–4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

3–0
OUTDIV

MCG clock output divider value to generate CPU clock

Sets the divide value for the core/system clock. At the end of reset, it is loaded with either 0000 or 1111
depending on flash option register bit 0 (FOPT[0]).

Restriction: • This bitfield cannot be changed when the MCU is in a VLPx mode.
• The CPU clock should never exceed 50 MHz.

0000 Divide-by-1
0001 Divide-by-2
0010 Divide-by-3
0011 Divide-by-4
0100 Divide-by-5
0101 Divide-by-6
0110 Divide-by-7
0111 Divide-by-8
1000 Divide-by-9
1001 Divide-by-10
1010 Divide-by-11
1011 Divide-by-12
1100 Divide-by-13
1101 Divide-by-14
1110 Divide-by-15
1111 Divide-by-16
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13.2.23 Clock Divider 1 Register (SIM_CLKDIV1)
Address: FFFF_80C0h base + 19h offset = FFFF_80D9h

Bit 7 6 5 4 3 2 1 0

Read USBDIV USBFRAC 0
Write
Reset 0 0 0 0 0 0 0 0

SIM_CLKDIV1 field descriptions

Field Description

7–5
USBDIV

USB clock divider divisor

Sets the divide value for the fractional clock divider used as a source for USB clock.

4
USBFRAC

USB clock divider fraction

Sets the fraction multiply value for the fractional clock divider used as a source for USB clock. The source
clock for the fractional clock divider is set by SOPT3[USBSRC]. Divider output clock = Divider input clock *
( (USBFRAC+1) / (USBDIV+1) )

3–0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

13.2.24 SPI Wakeup Control Register (SIM_SPIWKUP)
Address: FFFF_80C0h base + 1Ah offset = FFFF_80DAh

Bit 7 6 5 4 3 2 1 0

Read WIF_EN_
SPI2

WIF_EN_
SPI1

WIF_EN_
SPI0

0 WIF_SPI2 WIF_SPI1 WIF_SPI0

Write

Reset 0 0 0 0 0 0 0 0

SIM_SPIWKUP field descriptions

Field Description

7
WIF_EN_SPI2

SPI2 wakeup interrupt enable

When asserted, this field enables SPI2 to wakeup from low power modes (except VLLS mode) when there
is any activity on SPI2_SS signal.

6
WIF_EN_SPI1

SPI1 wakeup interrupt enable

When asserted, this field enables SPI1 to wakeup from low power modes (except VLLS mode) when there
is any activity on SPI1_SS signal.

5
WIF_EN_SPI0

SPI0 wakeup interrupt enable

When asserted, this field enables SPI0 to wakeup from low power modes (except VLLS mode) when there
is any activity on SPI0_SS signal.

Table continues on the next page...
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SIM_SPIWKUP field descriptions (continued)

Field Description

4–3
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

2
WIF_SPI2

SPI2 wakeup interrupt flag

This flag is set during a SPI2 wakeup event.

1
WIF_SPI1

SPI1 wakeup interrupt flag

This flag is set during a SPI1 wakeup event.

0
WIF_SPI0

SPI0 wakeup interrupt flag

This flag is set during a SPI0 wakeup event.

13.2.25 FTM Fault Configuration Register (SIM_FTM_FAULT)
Address: FFFF_80C0h base + 1Ch offset = FFFF_80DCh

Bit 7 6 5 4 3 2 1 0

Read 0 FTM_FLT3 FTM_FLT2 FTM_FLT1 FTM_FLT0
Write
Reset 0 0 0 0 0 0 0 0

SIM_FTM_FAULT field descriptions

Field Description

7–4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

3
FTM_FLT3

FTM fault input 3

This field sets the fault input (fault3) to both FTM0 and FTM1.

2
FTM_FLT2

FTM fault input 2

This field sets the fault input (fault2) to both FTM0 and FTM1.

1
FTM_FLT1

FTM fault input 1

This field sets the fault input (fault1) to both FTM0 and FTM1.

0
FTM_FLT0

FTM fault input 0

This field sets the fault input (fault0) to both FTM0 and FTM1.
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13.2.26 Flash Configuration Register (SIM_SPCR)
Address: FFFF_80C0h base + 1Eh offset = FFFF_80DEh

Bit 7 6 5 4 3 2 1 0

Read FlexNVM PFlash

Write

Reset 0 0 1 1 1 0 0 1

SIM_SPCR field descriptions

Field Description

7–4
FlexNVM

Data flash configuration

Specifies the amount of program flash memory available on the device. It is set by IFR bits.

00h Reserved
01h Reserved
02h Reserved
03h 32 KB
04h Reserved
05h Reserved
06h Reserved
07h Reserved
08h Reserved
Other Reserved

3–0
PFlash

Program flash configuration

Specifies the amount of program flash memory available on the device. It is set by IFR bits.

00h Reserved
01h Reserved
02h Reserved
03h Reserved
04h Reserved
05h Reserved
06h Reserved
07h Reserved
08h 256 KB
Other Reserved
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13.2.27 Unique Identification Register (SIM_UIDH3)
Address: FFFF_80C0h base + 20h offset = FFFF_80E0h

Bit 7 6 5 4 3 2 1 0

Read UID[127:120]

Write

Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

SIM_UIDH3 field descriptions

Field Description

7–0
UID[127:120]

Unique identification

Provides unique identification for the device. These bits are set by the IFR bits.

13.2.28 Unique Identification Register (SIM_UIDH2)
Address: FFFF_80C0h base + 21h offset = FFFF_80E1h

Bit 7 6 5 4 3 2 1 0

Read UID[119:112]

Write

Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

SIM_UIDH2 field descriptions

Field Description

7–0
UID[119:112]

Unique identification

Provides unique identification for the device. These bits are set by the IFR bits.
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13.2.29 Unique Identification Register (SIM_UIDH1)
Address: FFFF_80C0h base + 22h offset = FFFF_80E2h

Bit 7 6 5 4 3 2 1 0

Read UID[111:104]

Write

Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

SIM_UIDH1 field descriptions

Field Description

7–0
UID[111:104]

Unique identification

Provides unique identification for the device. These bits are set by the IFR bits.

13.2.30 Unique Identification Register (SIM_UIDH0)
Address: FFFF_80C0h base + 23h offset = FFFF_80E3h

Bit 7 6 5 4 3 2 1 0

Read UID[103:96]

Write

Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

SIM_UIDH0 field descriptions

Field Description

7–0
UID[103:96]

Unique identification

Provides unique identification for the device. These bits are set by the IFR bits.
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13.2.31 Unique Identification Register (SIM_UIDMH3)
Address: FFFF_80C0h base + 24h offset = FFFF_80E4h

Bit 7 6 5 4 3 2 1 0

Read UID[95:88]

Write

Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

SIM_UIDMH3 field descriptions

Field Description

7–0
UID[95:88]

Unique identification

Provides unique identification for the device. These bits are set by the IFR bits.

13.2.32 Unique Identification Register (SIM_UIDMH2)
Address: FFFF_80C0h base + 25h offset = FFFF_80E5h

Bit 7 6 5 4 3 2 1 0

Read UID[87:80]

Write

Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

SIM_UIDMH2 field descriptions

Field Description

7–0
UID[87:80]

Unique identification

Provides unique identification for the device. These bits are set by the IFR bits.
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13.2.33 Unique Identification Register (SIM_UIDMH1)
Address: FFFF_80C0h base + 26h offset = FFFF_80E6h

Bit 7 6 5 4 3 2 1 0

Read UID[79:72]

Write

Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

SIM_UIDMH1 field descriptions

Field Description

7–0
UID[79:72]

Unique identification

Provides unique identification for the device. These bits are set by the IFR bits.

13.2.34 Unique Identification Register (SIM_UIDMH0)
Address: FFFF_80C0h base + 27h offset = FFFF_80E7h

Bit 7 6 5 4 3 2 1 0

Read UID[71:64]

Write

Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

SIM_UIDMH0 field descriptions

Field Description

7–0
UID[71:64]

Unique identification

Provides unique identification for the device. These bits are set by the IFR bits.

Memory Map and Registers

MCF51JG256 Reference Manual, Rev. 1, 01/2013

262 Freescale Semiconductor, Inc.



13.2.35 Unique Identification Register (SIM_UIDML3)
Address: FFFF_80C0h base + 28h offset = FFFF_80E8h

Bit 7 6 5 4 3 2 1 0

Read UID[63:56]

Write

Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

SIM_UIDML3 field descriptions

Field Description

7–0
UID[63:56]

Unique identification

Provides unique identification for the device. These bits are set by the IFR bits.

13.2.36 Unique Identification Register (SIM_UIDML2)
Address: FFFF_80C0h base + 29h offset = FFFF_80E9h

Bit 7 6 5 4 3 2 1 0

Read UID[55:48]

Write

Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

SIM_UIDML2 field descriptions

Field Description

7–0
UID[55:48]

Unique identification

Provides unique identification for the device. These bits are set by the IFR bits.
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13.2.37 Unique Identification Register (SIM_UIDML1)
Address: FFFF_80C0h base + 2Ah offset = FFFF_80EAh

Bit 7 6 5 4 3 2 1 0

Read UID[47:40]

Write

Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

SIM_UIDML1 field descriptions

Field Description

7–0
UID[47:40]

Unique identification

Provides unique identification for the device. These bits are set by the IFR bits.

13.2.38 Unique Identification Register (SIM_UIDML0)
Address: FFFF_80C0h base + 2Bh offset = FFFF_80EBh

Bit 7 6 5 4 3 2 1 0

Read UID[39:32]

Write

Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

SIM_UIDML0 field descriptions

Field Description

7–0
UID[39:32]

Unique identification

Provides unique identification for the device. These bits are set by the IFR bits.
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13.2.39 Unique Identification Register (SIM_UIDL3)
Address: FFFF_80C0h base + 2Ch offset = FFFF_80ECh

Bit 7 6 5 4 3 2 1 0

Read UID[31:24]

Write

Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

SIM_UIDL3 field descriptions

Field Description

7–0
UID[31:24]

Unique identification

Provides unique identification for the device. These bits are set by the IFR bits.

13.2.40 Unique Identification Register (SIM_UIDL2)
Address: FFFF_80C0h base + 2Dh offset = FFFF_80EDh

Bit 7 6 5 4 3 2 1 0

Read UID[23:16]

Write

Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

SIM_UIDL2 field descriptions

Field Description

7–0
UID[23:16]

Unique identification

Provides unique identification for the device. These bits are set by the IFR bits.

Chapter 13 System Integration Module (SIM)

MCF51JG256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 265



13.2.41 Unique Identification Register (SIM_UIDL1)
Address: FFFF_80C0h base + 2Eh offset = FFFF_80EEh

Bit 7 6 5 4 3 2 1 0

Read UID[15:8]

Write

Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

SIM_UIDL1 field descriptions

Field Description

7–0
UID[15:8]

Unique identification

Provides unique identification for the device. These bits are set by the IFR bits.

13.2.42 Unique Identification Register (SIM_UIDL0)
Address: FFFF_80C0h base + 2Fh offset = FFFF_80EFh

Bit 7 6 5 4 3 2 1 0

Read UID[7:0]

Write

Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

SIM_UIDL0 field descriptions

Field Description

7–0
UID[7:0]

Unique identification

Provides unique identification for the device. These bits are set by the IFR bits.
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Chapter 14
Crossbar Switch

14.1 Introduction
This chapter provides information on the layout, configuration, and programming of the
crossbar switch. The crossbar switch connects bus masters and bus slaves using a
crossbar switch structure. This structure allows up to four bus masters to access different
bus slaves simultaneously, while providing arbitration among the bus masters when they
access the same slave.

14.1.1 Features
The crossbar switch includes these features:

• Symmetric crossbar bus switch implementation

• Allows concurrent accesses from different masters to different slaves

• 32-bit data bus

• Operation at a 1-to-1 clock frequency with the bus masters

• Dynamic master priority elevation

• Programmable configuration for fixed-priority or round-robin slave port arbitration

14.2 Memory Map / Register Definition
This crossbar switch is designed for minimal gate count. It, therefore, has no memory-
mapped configuration registers.
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Chapter 15
Interrupt Controller (INTC)

15.1 Introduction
The CF1_INTC interrupt controller (CF1_INTC) is intended for use in low-cost
microcontroller designs using the Version 1 (V1) ColdFire processor core. In keeping
with the general philosophy for devices based on this low-end 32-bit processor, the
interrupt controller generally supports less programmability compared to similar modules
in other ColdFire microcontrollers and embedded microprocessors. However, CF1_INTC
provides the required functionality with a minimal silicon cost.

These requirements guide the CF1_INTC module definition to support Freescale's
Controller Continuum:

• The priorities of the interrupt requests between comparable HCS08 and V1 ColdFire
devices are identical.

• Supports a mode of operation (through software convention with hardware assists)
equivalent to the S08's interrupt processing with only one level of nesting.

• Leverages the current ColdFire interrupt controller programming model and
functionality, but with a minimal hardware implementation and cost.

The following table provides a high-level architectural comparison between HCS08 and
ColdFire exception processing as these differences are important in the definition of the
CF1_INTC module. Throughout this document, the term IRQ refers to an interrupt
request and ISR refers to an interrupt service routine to process an interrupt exception.

Table 15-1. Exception Processing Comparison
Attribute HCS08 V1 ColdFire

Exception Vector Table 32 two-byte entries, fixed location at upper
end of memory

115 four-byte entries, located at lower end
of memory at reset, relocatable with the
VBR

Table continues on the next page...
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The CF1_INTC module implements a sparsely populated 7 × 9 matrix of levels (7) and
priorities within each level (9).

For details, see the chip-specific information about interrupt vector assignments.

Note

For remapped and forced interrupts, the interrupt source
number entry indicates the register or register field that enables
the corresponding interrupt.

Memory Map and Registers

The CF1_INTC module provides a 64-byte programming model mapped to the upper
region of the 16 MB address space. All the register names are prefixed with INTC_ as an
abbreviation for the full module name.

In the programming model, attempted references to undefined (reserved) addresses or
with a non-supported access type (for example, a write to a read-only register) generate a
bus error termination.

The programming model follows the definition from previous ColdFire interrupt
controllers. This compatibility accounts for the various memory holes in this module
memory map.

INTC memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_FFC8 Interrupt Mask Register High (INTC_IMRH) 32 R/W 0000_0000h 15.4.1/280

FFFF_FFCC Interrupt Mask Register Low (INTC_IMRL) 32 R/W 0000_0000h 15.4.2/282

FFFF_FFD0 Force Interrupt Register (INTC_FRC) 8 R/W 00h 15.4.3/286

FFFF_FFD8 INTC Programmable Level 6 Priority Registers
(INTC_PL6P7) 8 R/W 00h 15.4.4/287

FFFF_FFD9 INTC Programmable Level 6 Priority Registers
(INTC_PL6P6) 8 R/W 00h 15.4.4/287

FFFF_FFDB INTC Wakeup Control Register (INTC_WCR) 8 R/W 80h 15.4.5/288

FFFF_FFDC Set Interrupt Mask Register (INTC_SIMR) 8 W 00h 15.4.6/289

FFFF_FFDD Clear Interrupt Mask Register (INTC_CIMR) 8 W 00h 15.4.7/290

FFFF_FFDE INTC Set Interrupt Force Register (INTC_SFRC) 8 W 00h 15.4.8/291

FFFF_FFDF INTC Clear Interrupt Force Register (INTC_CFRC) 8 W 00h 15.4.9/292

FFFF_FFE0 INTC Software IACK Register (INTC_SWIACK) 8 R 00h 15.4.10/293

Table continues on the next page...
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Address: FFFF_FFC0h base + 8h offset = FFFF_FFC8h

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

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R 0

IM
R

43

IM
R

42

IM
R

41

IM
R

40

IM
R

39

IM
R

38

IM
R

37

IM
R

36

IM
R

35

IM
R

34

IM
R

33

IM
R

32

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

INTC_IMRH field descriptions

Field Description

31–12
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

11
IMR43

Interrupt mask register 43

0 The interrupt request is enabled.
1 The interrupt request is disabled.

10
IMR42

Interrupt mask register 42

0 The interrupt request is enabled.
1 The interrupt request is disabled.

9
IMR41

Interrupt mask register 41

0 The interrupt request is enabled.
1 The interrupt request is disabled.

8
IMR40

Interrupt mask register 40

0 The interrupt request is enabled.
1 The interrupt request is disabled.

7
IMR39

Interrupt mask register 39

0 The interrupt request is enabled.
1 The interrupt request is disabled.

6
IMR38

Interrupt mask register 38

0 The interrupt request is enabled.
1 The interrupt request is disabled.

5
IMR37

Interrupt mask register 37

0 The interrupt request is enabled.
1 The interrupt request is disabled.

4
IMR36

Interrupt mask register 36

Table continues on the next page...
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The contents of the IMR do not affect the operation of the software settable force
interrupt registers.

Address: FFFF_FFC0h base + Ch offset = FFFF_FFCCh

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

R

IM
R

31

IM
R

30

IM
R

29

IM
R

28

IM
R

27

IM
R

26

IM
R

25

IM
R

24

IM
R

23

IM
R

22

IM
R

21

IM
R

20

IM
R

19

IM
R

18

IM
R

17

IM
R

16

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R

IM
R

15

IM
R

14

IM
R

13

IM
R

12

IM
R

11

IM
R

10 IMR9 IMR8 IMR7 IMR6 IMR5 IMR4 IMR3 IMR2 IMR1 IMR0
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

INTC_IMRL field descriptions

Field Description

31
IMR31

Interrupt mask register 31

0 The interrupt request is enabled.
1 The interrupt request is disabled.

30
IMR30

Interrupt mask register 30

0 The interrupt request is enabled.
1 The interrupt request is disabled.

29
IMR29

Interrupt mask register 29

0 The interrupt request is enabled.
1 The interrupt request is disabled.

28
IMR28

Interrupt mask register 28

0 The interrupt request is enabled.
1 The interrupt request is disabled.

27
IMR27

Interrupt mask register 27

0 The interrupt request is enabled.
1 The interrupt request is disabled.

26
IMR26

Interrupt mask register 26

0 The interrupt request is enabled.
1 The interrupt request is disabled.

25
IMR25

Interrupt mask register 25

0 The interrupt request is enabled.
1 The interrupt request is disabled.

Table continues on the next page...
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INTC_IMRL field descriptions (continued)

Field Description

0
IMR0

Interrupt mask register 0

0 The interrupt request is enabled.
1 The interrupt request is disabled.

15.4.3 Force Interrupt Register (INTC_FRC)

The INTC_FRC register allows software to generate a unique interrupt for each possible
level at the lowest priority within the level for functional or debug purposes. These
interrupts may be self-scheduled by setting one or more of the bits in the INTC_FRC
register. In some cases, the handling of a normal interrupt request may cause critical
processing by the service routine along with the scheduling (using the INTC_FRC
register) of a lower priority level interrupt request to be processed at a later time for less-
critical task handling.

The INTC_FRC register may be modified directly using a read-modify-write sequence or
through a simple write operation using the set/clear force interrupt registers
(INTC_SFRC, INTC_CFRC).

NOTE
For compatibility with other ColdFire interrupt controllers, this
register's bit numbers are actually 63-56 (not 7-0 as shown in
the register diagram).

Address: FFFF_FFC0h base + 10h offset = FFFF_FFD0h

Bit 7 6 5 4 3 2 1 0

Read 0 LVL1 LVL2 LVL3 LVL4 LVL5 LVL6 LVL7
Write
Reset 0 0 0 0 0 0 0 0

INTC_FRC field descriptions

Field Description

7
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

6
LVL1

Force level 1 interrupt

0 Negates the forced level 1 interrupt request.
1 Forces a level 1 interrupt request.

5
LVL2

Force level 2 interrupt

0 Negates the forced level 2 interrupt request.
1 Forces a level 2 interrupt request.

Table continues on the next page...
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Address: FFFF_FFC0h base + 18h offset + (1d × i), where i=0d to 1d

Bit 7 6 5 4 3 2 1 0

Read 0 REQN
Write
Reset 0 0 0 0 0 0 0 0

INTC_PL6Pn field descriptions

Field Description

7–6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5–0
REQN

Request number

Defines the peripheral IRQ number to be remapped as the level 6, priority 7 (for INTC_PL6P7) request
and level 6, priority 6 (for INTC_PL6P6) request.

NOTE: The value must be a valid interrupt number. Unused or reserved interrupt numbers are ignored.
The selected vector number is derived from the decimal value of the REQN field, which is n in the
following mapping formula: for vectors 64-102, n = Vector_Number - 64, while for vectors
110-114, n = Vector_Number - 71. In other words, the REQN field's minimum value is 4d
(selecting vector 68) and maximum value is 43d (selecting vector 114).

15.4.5 INTC Wakeup Control Register (INTC_WCR)

The interrupt controller provides a combinatorial logic path to generate a special wakeup
signal to exit from the wait or stop modes. The INTC_WCR register defines wakeup
condition for interrupt recognition during wait and stop modes. This mode of operation
works as follows:

1. Write to the INTC_WCR to enable this operation (set INTC_WCR[ENB]) and define
the interrupt mask level needed to force the core to exit wait or stop mode
(INTC_WCR[MASK]). The maximum value of INTC_WCR[MASK] is 0x6
(0b110). The INTC_WCR is enabled with a mask level of 0 as the default after reset.

2. Execute a stop instruction to place the processor into wait or stop mode.
3. After the processor is stopped, the interrupt controller enables special logic that

evaluates the incoming interrupt sources in a purely combinatorial path; no clocked
storage elements are involved.

4. If an active interrupt request is asserted and the resulting interrupt level is greater
than the mask value contained in INTC_WCR[MASK], the interrupt controller
asserts the wakeup output signal. This signal is routed to the clock generation logic to
exit the low-power mode and resume processing.

Typically, the interrupt mask level loaded into the processor's status register field (SR[I])
during the execution of the stop instruction matches the INTC_WCR[MASK] value.

The interrupt controller wakeup signal is defined as:
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              wakeup = INTC_WCR[ENB] + (level of any asserted_int_request > INTC_WCR[MASK])
            

Address: FFFF_FFC0h base + 1Bh offset = FFFF_FFDBh

Bit 7 6 5 4 3 2 1 0

Read ENB 0 MASK
Write
Reset 1 0 0 0 0 0 0 0

INTC_WCR field descriptions

Field Description

7
ENB

Enable wakeup signal

0 Wakeup signal disabled.
1 Enables the assertion of the combinational wakeup signal to the clock generation logic.

6–3
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

2–0
MASK

Interrupt mask level

15.4.6 Set Interrupt Mask Register (INTC_SIMR)

The INTC_SIMR register provides a simple memory-mapped mechanism to set a given
bit in the INTC_IMR{H,L} registers to disable (mask) a given interrupt request. The data
value on a register write causes the corresponding bit in the INTC_IMR{H,L} registers to
be set. Setting INTC_SIMR[SALL] forces the entire contents of INTC_IMR{H,L}
registers to set, masking all interrupts. Attempting to read this register generates an error
termination.

IMR[63:44] are reserved for future use, so writes using these data values are ignored.

This register is provided so interrupt service routines can easily mask the given interrupt
request without the need to perform a read-modify-write sequence on the
INTC_IMR{H,L} registers.

Address: FFFF_FFC0h base + 1Ch offset = FFFF_FFDCh

Bit 7 6 5 4 3 2 1 0

Read
Reserved

Write SALL SIMR

Reset 0 0 0 0 0 0 0 0
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INTC_SIMR field descriptions

Field Description

7
Reserved

This field is reserved.

6
SALL

Set all

Set all bits in the INTC_IMR{H,L} register, masking all interrupt requests.

0 Set only those bits specified in the SIMR field.
1 Set all bits in INTC_IMR{H,L} register. The SIMR field is ignored.

5–0
SIMR

Set IMR

Set the corresponding bit in the INTC_IMR{H,L} register, masking the interrupt request.

15.4.7 Clear Interrupt Mask Register (INTC_CIMR)

The INTC_SIMR register provides a simple memory-mapped mechanism to set a given
bit in the INTC_IMR{H,L} registers to disable (mask) a given interrupt request. The data
value on a register write causes the corresponding bit in the INTC_IMR{H,L} registers to
be set. Setting INTC_SIMR[SALL] forces the entire contents of INTC_IMR{H,L}
registers to set, masking all interrupts. Attempting to read this register generates an error
termination.

IMR[63:44] are reserved for future use, so writes using these data values are ignored.

This register is provided so interrupt service routines can easily mask the given interrupt
request without the need to perform a read-modify-write sequence on the
INTC_IMR{H,L} registers.

Address: FFFF_FFC0h base + 1Dh offset = FFFF_FFDDh

Bit 7 6 5 4 3 2 1 0

Read
Reserved

Write CALL CIMR

Reset 0 0 0 0 0 0 0 0

INTC_CIMR field descriptions

Field Description

7
Reserved

This field is reserved.

6
CALL

Clear all

Clear all bits in the INTC_IMR{H,L} register, enabling all interrupt requests.

0 Set only those bits specified in the CIMR field.
1 Clear all bits in INTC_IMR{H,L} register. The CIMR field is ignored.

Table continues on the next page...
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INTC_CIMR field descriptions (continued)

Field Description

5–0
CIMR

Clear the corresponding bit in the INTC_IMR{H,L} registers, enabling the interrupt request.

15.4.8 INTC Set Interrupt Force Register (INTC_SFRC)

The INTC_SFRC register provides a simple memory-mapped mechanism to set a given
bit in the INTC_FRC register to assert a specific level interrupt request. The data value
written causes the appropriate bit in the INTC_FRC register to be set. Attempted reads of
this register generate an error termination.

This register is provided so interrupt service routines can generate a forced interrupt
request without the need to perform a read-modify-write sequence on the INTC_FRC
register.

Address: FFFF_FFC0h base + 1Eh offset = FFFF_FFDEh

Bit 7 6 5 4 3 2 1 0

Read
Reserved

Write SET

Reset 0 0 0 0 0 0 0 0

INTC_SFRC field descriptions

Field Description

7–6
Reserved

This field is reserved.

5–0
SET

For data values within the 56–62 range, the corresponding bit in the INTC_FRC register is set, as defined
below.

NOTE: Data values outside this range do not affect the INTC_FRC register. It is recommended the data
values be restricted to the 0x38–0x3E (56–62) range to ensure compatibility with future devices.

111000 Bit 56, INTC_FRC[LVL7] is set
111001 Bit 57, INTC_FRC[LVL6] is set
111010 Bit 58, INTC_FRC[LVL5] is set
111011 Bit 59, INTC_FRC[LVL4] is set
111100 Bit 60, INTC_FRC[LVL3] is set
111101 Bit 61, INTC_FRC[LVL2] is set
111110 Bit 62, INTC_FRC[LVL1] is set
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15.4.9 INTC Clear Interrupt Force Register (INTC_CFRC)

The INTC_CFRC register provides a simple memory-mapped mechanism to clear a
given bit in the INTC_FRC register to negate a specific level interrupt request. The data
value on the register write causes the appropriate bit in the INTC_FRC register to be
cleared. Attempted reads of this register generate an error termination.

This register is provided so interrupt service routines can negate a forced interrupt request
without the need to perform a read-modify-write sequence on the INTC_FRC register.

Address: FFFF_FFC0h base + 1Fh offset = FFFF_FFDFh

Bit 7 6 5 4 3 2 1 0

Read

Write Reserved CLR

Reset 0 0 0 0 0 0 0 0

INTC_CFRC field descriptions

Field Description

7–6
Reserved

This field is reserved.

5–0
CLR

For data values within the 56–62 range, the corresponding bit in the INTC_FRC register is cleared, as
defined below.

NOTE: Data values outside this range do not affect the INTC_FRC register. It is recommended the data
values be restricted to the 0x38–0x3E (56–62) range to ensure compatibility with future devices.

111000 Bit 56, INTC_FRC[LVL7] is cleared
111001 Bit 57, INTC_FRC[LVL6] is cleared
111010 Bit 58, INTC_FRC[LVL5] is cleared
111011 Bit 59, INTC_FRC[LVL4] is cleared
111100 Bit 60, INTC_FRC[LVL3] is cleared
111101 Bit 61, INTC_FRC[LVL2] is cleared
111110 Bit 62, INTC_FRC[LVL1] is cleared
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15.4.10 INTC Software IACK Register (INTC_SWIACK)

Refer to the description of the Level-n IACK registers.

Address: FFFF_FFC0h base + 20h offset = FFFF_FFE0h

Bit 7 6 5 4 3 2 1 0

Read 0 VECN

Write

Reset 0 0 0 0 0 0 0 0

INTC_SWIACK field descriptions

Field Description

7
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

6–0
VECN

Vector number

Indicates the appropriate vector number.

It is the highest-level, highest-priority request currently being asserted in the CF1_INTC module. If there
are no pending requests, VECN is zero.

15.4.11 INTC Level-n IACK Registers (INTC_LVLnIACK)

The eight read-only interrupt acknowledge (IACK) registers can be explicitly addressed
by the memory-mapped accesses or implicitly addressed by a processor-generated
interrupt acknowledge cycle during exception processing when CPUCR[IAE] is set. In
either case, the interrupt controller's actions are similar.

First, consider an IACK cycle to a specific level, a level-n IACK. When this type of
IACK arrives in the interrupt controller, the controller examines all currently-active level-
n interrupt requests, determines the highest priority within the level, and then responds
with the unique vector number corresponding to that specific interrupt source. The vector
number is supplied as the data for the byte-sized IACK read cycle.

If there is no active interrupt source at the time of the level-n IACK, a special spurious
interrupt vector (vector number 24 [0x18]) is returned. It is the responsibility of the
service routine to manage this error situation.
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This protocol implies the interrupting peripheral is not accessed during the acknowledge
cycle because the interrupt controller completely services the acknowledge. This means
the interrupt source must be explicitly disabled in the peripheral device by the interrupt
service routine. This approach provides unique vector capability for all interrupt requests,
regardless of the complexity of the peripheral device.

Second, the interrupt controller also supports the concept of a software IACK. This is the
ability to query the interrupt controller near the end of an interrupt service routine (after
the current interrupt request has been negated) to determine if there are any pending (but
currently masked) interrupt requests. If the response to the software IACK's byte operand
read is non-zero, the service routine uses the returned value as the vector number of the
highest pending interrupt request and passes control to the appropriate new handler. If the
returned value is zero, there is no pending interrupt request.

This process avoids the overhead of a context restore and RTE instruction execution,
followed immediately by another interrupt exception and context save. In system
environments with high rates of interrupt activity, this mechanism can noticeably
improve overall performance.

Address: FFFF_FFC0h base + 24h offset + (4d × i), where i=0d to 6d

Bit 7 6 5 4 3 2 1 0

Read 0 VECN

Write

Reset 0 0 0 1 1 0 0 0

INTC_LVLnIACK field descriptions

Field Description

7
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

6–0
VECN

Vector number

Indicates the appropriate vector number.

It is the highest priority request within the specified level-n. If there are no pending requests within the
level, VECN is 0x18 (24) to signal a spurious interrupt.

15.5 Functional Description
The basic operation of the CF1_INTC is detailed in the preceding sections. This section
describes special rules applicable to non-maskable level 7 interrupt requests and the
module's interfaces.

Functional Description
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Chapter 16
Low Leakage Wakeup Unit (LLWU)

16.1 Introduction
The LLWU module allows the user to select up to 16 external pin sources and up to 8
internal modules as a wakeup source from low-leakage power modes. The input sources
are described in the device's chip configuration details. Each of the available wakeup
sources can be individually enabled.

The RESET pin is an additional source for triggering an exit from low-leakage power
modes, and causes the MCU to exit VLLS through a reset flow. The
LLWU_RST[LLRSTE] bit must be set to allow an exit from low-leakage modes via the
RESET pin. On a device where the RESET pin is shared with other functions, the explicit
port mux control register must be set for the RESET pin before the RESET pin can be
used as a low-leakage reset source.

The LLWU module also includes three optional digital pin filters: two for the external
wakeup pins and one for the RESET pin.

16.1.1 Features
The LLWU module features include:

• Support for up to 16 external input pins and up to 8 internal modules with individual
enable bits

• Input sources may be external pins or from internal peripherals capable of running in
VLLS. See the chip configuration information for wakeup input sources for this
device.

• External pin wakeup inputs, each of which is programmable as falling-edge, rising-
edge, or any change
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Table 16-1. LLWU signal descriptions

Signal Description I/O

LLWU_Pn Wakeup inputs (n = 0-15) I

16.3 Memory map/register definition
The LLWU includes the following registers:

• Five 8-bit wakeup source enable registers
• Enable external pin input sources
• Enable internal peripheral sources

• Three 8-bit wakeup flag registers
• Indication of wakeup source that caused exit from a low-leakage power mode

includes external pin or internal module interrupt
• Two 8-bit wakeup pin filter enable registers
• One 8-bit RESET pin filter enable register

NOTE
The LLWU registers can be written only in supervisor mode.
Write accesses in user mode are blocked and will result in a bus
error.

All LLWU registers are reset by Chip Reset not VLLS and by
reset types that trigger Chip Reset not VLLS. Each register's
displayed reset value represents this subset of reset types.
LLWU registers are unaffected by reset types that do not trigger
Chip Reset not VLLS. For more information about the types of
reset on this chip, refer to the Introduction details.

LLWU memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_8090 LLWU Pin Enable 1 register (LLWU_PE1) 8 R/W 00h 16.3.1/305

FFFF_8091 LLWU Pin Enable 2 register (LLWU_PE2) 8 R/W 00h 16.3.2/306

FFFF_8092 LLWU Pin Enable 3 register (LLWU_PE3) 8 R/W 00h 16.3.3/307

FFFF_8093 LLWU Pin Enable 4 register (LLWU_PE4) 8 R/W 00h 16.3.4/308

FFFF_8094 LLWU Module Enable register (LLWU_ME) 8 R/W 00h 16.3.5/309

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

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_8095 LLWU Flag 1 register (LLWU_F1) 8 R/W 00h 16.3.6/311

FFFF_8096 LLWU Flag 2 register (LLWU_F2) 8 R/W 00h 16.3.7/312

FFFF_8097 LLWU Flag 3 register (LLWU_F3) 8 R 00h 16.3.8/314

FFFF_8098 LLWU Pin Filter 1 register (LLWU_FILT1) 8 R/W 00h 16.3.9/316

FFFF_8099 LLWU Pin Filter 2 register (LLWU_FILT2) 8 R/W 00h 16.3.10/317

FFFF_809A LLWU Reset Enable register (LLWU_RST) 8 R/W 02h 16.3.11/318

16.3.1 LLWU Pin Enable 1 register (LLWU_PE1)

LLWU_PE1 contains the field to enable and select the edge detect type for the external
wakeup input pins LLWU_P3-LLWU_P0.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: FFFF_8090h base + 0h offset = FFFF_8090h

Bit 7 6 5 4 3 2 1 0
Read WUPE3 WUPE2 WUPE1 WUPE0Write
Reset 0 0 0 0 0 0 0 0

LLWU_PE1 field descriptions

Field Description

7–6
WUPE3

Wakeup Pin Enable For LLWU_P3

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

5–4
WUPE2

Wakeup Pin Enable For LLWU_P2

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

Table continues on the next page...
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LLWU_PE1 field descriptions (continued)

Field Description

3–2
WUPE1

Wakeup Pin Enable For LLWU_P1

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

1–0
WUPE0

Wakeup Pin Enable For LLWU_P0

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

16.3.2 LLWU Pin Enable 2 register (LLWU_PE2)

LLWU_PE2 contains the field to enable and select the edge detect type for the external
wakeup input pins LLWU_P7-LLWU_P4.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: FFFF_8090h base + 1h offset = FFFF_8091h

Bit 7 6 5 4 3 2 1 0
Read WUPE7 WUPE6 WUPE5 WUPE4Write
Reset 0 0 0 0 0 0 0 0

LLWU_PE2 field descriptions

Field Description

7–6
WUPE7

Wakeup Pin Enable For LLWU_P7

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

Table continues on the next page...
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LLWU_PE2 field descriptions (continued)

Field Description

5–4
WUPE6

Wakeup Pin Enable For LLWU_P6

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

3–2
WUPE5

Wakeup Pin Enable For LLWU_P5

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

1–0
WUPE4

Wakeup Pin Enable For LLWU_P4

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

16.3.3 LLWU Pin Enable 3 register (LLWU_PE3)

LLWU_PE3 contains the field to enable and select the edge detect type for the external
wakeup input pins LLWU_P11-LLWU_P8.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: FFFF_8090h base + 2h offset = FFFF_8092h

Bit 7 6 5 4 3 2 1 0
Read WUPE11 WUPE10 WUPE9 WUPE8Write
Reset 0 0 0 0 0 0 0 0

LLWU_PE3 field descriptions

Field Description

7–6
WUPE11

Wakeup Pin Enable For LLWU_P11

Table continues on the next page...
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LLWU_PE3 field descriptions (continued)

Field Description
Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

5–4
WUPE10

Wakeup Pin Enable For LLWU_P10

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

3–2
WUPE9

Wakeup Pin Enable For LLWU_P9

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

1–0
WUPE8

Wakeup Pin Enable For LLWU_P8

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

16.3.4 LLWU Pin Enable 4 register (LLWU_PE4)

LLWU_PE4 contains the field to enable and select the edge detect type for the external
wakeup input pins LLWU_P15-LLWU_P12.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: FFFF_8090h base + 3h offset = FFFF_8093h

Bit 7 6 5 4 3 2 1 0
Read WUPE15 WUPE14 WUPE13 WUPE12Write
Reset 0 0 0 0 0 0 0 0

Memory map/register definition

MCF51JG256 Reference Manual, Rev. 1, 01/2013

308 Freescale Semiconductor, Inc.





Address: FFFF_8090h base + 4h offset = FFFF_8094h

Bit 7 6 5 4 3 2 1 0
Read WUME7 WUME6 WUME5 WUME4 WUME3 WUME2 WUME1 WUME0Write
Reset 0 0 0 0 0 0 0 0

LLWU_ME field descriptions

Field Description

7
WUME7

Wakeup Module Enable For Module 7

Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

6
WUME6

Wakeup Module Enable For Module 6

Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

5
WUME5

Wakeup Module Enable For Module 5

Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

4
WUME4

Wakeup Module Enable For Module 4

Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

3
WUME3

Wakeup Module Enable For Module 3

Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

2
WUME2

Wakeup Module Enable For Module 2

Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

1
WUME1

Wakeup Module Enable for Module 1

Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

0
WUME0

Wakeup Module Enable For Module 0

Enables an internal module as a wakeup source input.

Table continues on the next page...
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LLWU_ME field descriptions (continued)

Field Description
0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

16.3.6 LLWU Flag 1 register (LLWU_F1)

LLWU_F1 contains the wakeup flags indicating which wakeup source caused the MCU
to exit VLLS mode. For VLLS, this is the source causing the MCU reset flow.

The external wakeup flags are read-only and clearing a flag is accomplished by a write of
a 1 to the corresponding WUFx bit. The wakeup flag (WUFx), if set, will remain set if
the associated WUPEx bit is cleared.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: FFFF_8090h base + 5h offset = FFFF_8095h

Bit 7 6 5 4 3 2 1 0

Read WUF7 WUF6 WUF5 WUF4 WUF3 WUF2 WUF1 WUF0

Write w1c w1c w1c w1c w1c w1c w1c w1c

Reset 0 0 0 0 0 0 0 0

LLWU_F1 field descriptions

Field Description

7
WUF7

Wakeup Flag For LLWU_P7

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF7.

0 LLWU_P7 input was not a wakeup source
1 LLWU_P7 input was a wakeup source

6
WUF6

Wakeup Flag For LLWU_P6

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF6.

0 LLWU_P6 input was not a wakeup source
1 LLWU_P6 input was a wakeup source

5
WUF5

Wakeup Flag For LLWU_P5

Table continues on the next page...
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NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: FFFF_8090h base + 6h offset = FFFF_8096h

Bit 7 6 5 4 3 2 1 0

Read WUF15 WUF14 WUF13 WUF12 WUF11 WUF10 WUF9 WUF8

Write w1c w1c w1c w1c w1c w1c w1c w1c

Reset 0 0 0 0 0 0 0 0

LLWU_F2 field descriptions

Field Description

7
WUF15

Wakeup Flag For LLWU_P15

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF15.

0 LLWU_P15 input was not a wakeup source
1 LLWU_P15 input was a wakeup source

6
WUF14

Wakeup Flag For LLWU_P14

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF14.

0 LLWU_P14 input was not a wakeup source
1 LLWU_P14 input was a wakeup source

5
WUF13

Wakeup Flag For LLWU_P13

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF13.

0 LLWU_P13 input was not a wakeup source
1 LLWU_P13 input was a wakeup source

4
WUF12

Wakeup Flag For LLWU_P12

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF12.

0 LLWU_P12 input was not a wakeup source
1 LLWU_P12 input was a wakeup source

3
WUF11

Wakeup Flag For LLWU_P11

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF11.

0 LLWU_P11 input was not a wakeup source
1 LLWU_P11 input was a wakeup source

2
WUF10

Wakeup Flag For LLWU_P10

Table continues on the next page...
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LLWU_F2 field descriptions (continued)

Field Description
Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF10.

0 LLWU_P10 input was not a wakeup source
1 LLWU_P10 input was a wakeup source

1
WUF9

Wakeup Flag For LLWU_P9

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF9.

0 LLWU_P9 input was not a wakeup source
1 LLWU_P9 input was a wakeup source

0
WUF8

Wakeup Flag For LLWU_P8

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF8.

0 LLWU_P8 input was not a wakeup source
1 LLWU_P8 input was a wakeup source

16.3.8 LLWU Flag 3 register (LLWU_F3)

LLWU_F3 contains the wakeup flags indicating which internal wakeup source caused the
MCU to exit VLLS mode. For VLLS, this is the source causing the MCU reset flow.

For internal peripherals that are capable of running in a low-leakage power mode, such as
iRTC or CMP modules, the flag from the associated peripheral is accessible as the
MWUFx bit. The flag will need to be cleared in the peripheral instead of writing a 1 to
the MWUFx bit.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: FFFF_8090h base + 7h offset = FFFF_8097h

Bit 7 6 5 4 3 2 1 0

Read MWUF7 MWUF6 MWUF5 MWUF4 MWUF3 MWUF2 MWUF1 MWUF0

Write

Reset 0 0 0 0 0 0 0 0

Memory map/register definition
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LLWU_F3 field descriptions (continued)

Field Description
Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 0 input was not a wakeup source
1 Module 0 input was a wakeup source

16.3.9 LLWU Pin Filter 1 register (LLWU_FILT1)

LLWU_FILT1 is a control and status register that is used to enable/disable the digital
filter 1 features for an external pin.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: FFFF_8090h base + 8h offset = FFFF_8098h

Bit 7 6 5 4 3 2 1 0

Read FILTF
FILTE

0
FILTSEL

Write w1c

Reset 0 0 0 0 0 0 0 0

LLWU_FILT1 field descriptions

Field Description

7
FILTF

Filter Detect Flag

Indicates that the filtered external wakeup pin, selected by FILTSEL, was a source of exiting a low-leakage
power mode. To clear the flag write a one to FILTF.

0 Pin Filter 1 was not a wakeup source
1 Pin Filter 1 was a wakeup source

6–5
FILTE

Digital Filter On External Pin

Controls the digital filter options for the external pin detect.

00 Filter disabled
01 Filter posedge detect enabled
10 Filter negedge detect enabled
11 Filter any edge detect enabled

4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

Table continues on the next page...
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LLWU_FILT1 field descriptions (continued)

Field Description

3–0
FILTSEL

Filter Pin Select

Selects 1 out of the 16 wakeup pins to be muxed into the filter.

0000 Select LLWU_P0 for filter
... ...
1111 Select LLWU_P15 for filter

16.3.10 LLWU Pin Filter 2 register (LLWU_FILT2)

LLWU_FILT2 is a control and status register that is used to enable/disable the digital
filter 2 features for an external pin.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: FFFF_8090h base + 9h offset = FFFF_8099h

Bit 7 6 5 4 3 2 1 0

Read FILTF
FILTE

0
FILTSEL

Write w1c

Reset 0 0 0 0 0 0 0 0

LLWU_FILT2 field descriptions

Field Description

7
FILTF

Filter Detect Flag

Indicates that the filtered external wakeup pin, selected by FILTSEL, was a source of exiting a low-leakage
power mode. To clear the flag write a one to FILTF.

0 Pin Filter 2 was not a wakeup source
1 Pin Filter 2 was a wakeup source

6–5
FILTE

Digital Filter On External Pin

Controls the digital filter options for the external pin detect.

00 Filter disabled
01 Filter posedge detect enabled
10 Filter negedge detect enabled
11 Filter any edge detect enabled

4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

Table continues on the next page...
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LLWU_FILT2 field descriptions (continued)

Field Description

3–0
FILTSEL

Filter Pin Select

Selects 1 out of the 16 wakeup pins to be muxed into the filter.

0000 Select LLWU_P0 for filter
... ...
1111 Select LLWU_P15 for filter

16.3.11 LLWU Reset Enable register (LLWU_RST)

LLWU_RST is a control register that is used to enable/disable the digital filter for the
external pin detect and RESET pin.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: FFFF_8090h base + Ah offset = FFFF_809Ah

Bit 7 6 5 4 3 2 1 0

Read 0 LLRSTE RSTFILT
Write
Reset 0 0 0 0 0 0 1 0

LLWU_RST field descriptions

Field Description

7–2
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

1
LLRSTE

Low-Leakage Mode RESET Enable

This bit must be set to allow the device to be reset while in a low-leakage power mode. On devices where
Reset is not a dedicated pin, the RESET pin must also be enabled in the explicit port mux control.

0 RESET pin not enabled as a leakage mode exit source
1 RESET pin enabled as a low leakage mode exit source

0
RSTFILT

Digital Filter On RESET Pin

Enables the digital filter for the RESET pin during VLLS3, VLLS2, or VLLS1 modes.

0 Filter not enabled
1 Filter enabled

Memory map/register definition
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Chapter 17
Reset Control Module (RCM)

17.1 Introduction
This chapter describes the registers of the Reset Control Module (RCM). The RCM
implements many of the reset functions for the chip. See the chip's reset chapter for more
information.

17.2 Reset memory map and register descriptions

The Reset Control Module (RCM) registers provide reset status information and reset
filter control.

NOTE
The RCM registers can be written only in supervisor mode.
Write accesses in user mode are blocked and will result in a bus
error.

RCM memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_8080 System Reset Status Register 0 (RCM_SRS0) 8 R 82h 17.2.1/322

FFFF_8081 System Reset Status Register 1 (RCM_SRS1) 8 R 00h 17.2.2/323

FFFF_8084 Reset Pin Filter Control register (RCM_RPFC) 8 R/W 00h 17.2.3/325

FFFF_8085 Reset Pin Filter Width register (RCM_RPFW) 8 R/W 00h 17.2.4/326

FFFF_8087 Mode Register (RCM_MR) 8 R 00h 17.2.5/327
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17.2.1 System Reset Status Register 0 (RCM_SRS0)

This register includes read-only status flags to indicate the source of the most recent
reset. The reset state of these bits depends on what caused the MCU to reset.

NOTE
The reset value of this register depends on the reset source:

• POR (including LVD) — 0x82
• LVD (without POR) — 0x02
• VLLS mode wakeup due to RESET pin assertion — 0x41
• VLLS mode wakeup due to other wakeup sources — 0x01
• Other reset — a bit is set if its corresponding reset source

caused the reset

Address: FFFF_8080h base + 0h offset = FFFF_8080h

Bit 7 6 5 4 3 2 1 0

Read POR PIN WDOG ILOP ILAD LOC LVD WAKEUP

Write

Reset 1 0 0 0 0 0 1 0

RCM_SRS0 field descriptions

Field Description

7
POR

Power-On Reset

Indicates a reset has been caused by the power-on detection logic. Because the internal supply voltage
was ramping up at the time, the low-voltage reset (LVD) status bit is also set to indicate that the reset
occurred while the internal supply was below the LVD threshold.

0 Reset not caused by POR
1 Reset caused by POR

6
PIN

External Reset Pin

Indicates a reset has been caused by an active-low level on the external RESET pin.

0 Reset not caused by external reset pin
1 Reset caused by external reset pin

5
WDOG

Watchdog

Indicates a reset has been caused by the watchdog timer Computer Operating Properly (COP) timing out.
This reset source can be blocked by disabling the COP watchdog: write 00 to the SIM's COPC[COPT]
field.

0 Reset not caused by watchdog timeout
1 Reset caused by watchdog timeout

4
ILOP

Illegal opcode

Table continues on the next page...
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• VLLS mode wakeup — 0x00
• Other reset — a bit is set if its corresponding reset source

caused the reset

Address: FFFF_8080h base + 1h offset = FFFF_8081h

Bit 7 6 5 4 3 2 1 0

Read 0 0 SACKERR EZPT BDFR 0 0 0

Write

Reset 0 0 0 0 0 0 0 0

RCM_SRS1 field descriptions

Field Description

7
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5
SACKERR

Stop Mode Acknowledge Error Reset

Indicates that after an attempt to enter Stop mode, a reset has been caused by a failure of one or more
peripherals to acknowledge within approximately one second to enter stop mode.

0 Reset not caused by peripheral failure to acknowledge attempt to enter stop mode
1 Reset caused by peripheral failure to acknowledge attempt to enter stop mode

4
EZPT

EzPort Reset

Indicates a reset has been caused by EzPort receiving the RESET command while the device is in EzPort
mode.

0 Reset not caused by EzPort receiving the RESET command while the device is in EzPort mode
1 Reset caused by EzPort receiving the RESET command while the device is in EzPort mode

3
BDFR

Background Debug Force Reset

Indicates a reset has been caused by the host debugger system setting of CSR2[BDFR] in the ColdFire
core.

0 Reset not caused by host debugger system setting of CSR2[BDFR]
1 Reset caused by host debugger system setting of CSR2[BDFR]

2
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

1
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.
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17.2.3 Reset Pin Filter Control register (RCM_RPFC)

NOTE
The reset values of bits 2-0 are for Chip POR only. They are
unaffected by other reset types.

NOTE
The bus clock filter is reset when disabled or when entering
stop mode. The LPO filter is reset when disabled or when
entering any low leakage stop mode .

Address: FFFF_8080h base + 4h offset = FFFF_8084h

Bit 7 6 5 4 3 2 1 0

Read 0 RSTFLTSS RSTFLTSRW
Write
Reset 0 0 0 0 0 0 0 0

RCM_RPFC field descriptions

Field Description

7–3
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

2
RSTFLTSS

Reset Pin Filter Select in Stop Mode

Selects how the reset pin filter is enabled in Stop and VLPS modes

0 All filtering disabled
1 LPO clock filter enabled

1–0
RSTFLTSRW

Reset Pin Filter Select in Run and Wait Modes

Selects how the reset pin filter is enabled in run and wait modes.

00 All filtering disabled
01 Bus clock filter enabled for normal operation
10 LPO clock filter enabled for normal operation
11 Reserved
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17.2.4 Reset Pin Filter Width register (RCM_RPFW)

NOTE
The reset values of the bits in the RSTFLTSEL field are for
Chip POR only. They are unaffected by other reset types.

Address: FFFF_8080h base + 5h offset = FFFF_8085h

Bit 7 6 5 4 3 2 1 0

Read 0 RSTFLTSEL
Write
Reset 0 0 0 0 0 0 0 0

RCM_RPFW field descriptions

Field Description

7–5
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

4–0
RSTFLTSEL

Reset Pin Filter Bus Clock Select

Selects the reset pin bus clock filter width.

00000 Bus clock filter count is 1
00001 Bus clock filter count is 2
00010 Bus clock filter count is 3
00011 Bus clock filter count is 4
00100 Bus clock filter count is 5
00101 Bus clock filter count is 6
00110 Bus clock filter count is 7
00111 Bus clock filter count is 8
01000 Bus clock filter count is 9
01001 Bus clock filter count is 10
01010 Bus clock filter count is 11
01011 Bus clock filter count is 12
01100 Bus clock filter count is 13
01101 Bus clock filter count is 14
01110 Bus clock filter count is 15
01111 Bus clock filter count is 16
10000 Bus clock filter count is 17
10001 Bus clock filter count is 18
10010 Bus clock filter count is 19
10011 Bus clock filter count is 20
10100 Bus clock filter count is 21
10101 Bus clock filter count is 22
10110 Bus clock filter count is 23
10111 Bus clock filter count is 24
11000 Bus clock filter count is 25

Table continues on the next page...
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RCM_RPFW field descriptions (continued)

Field Description

11001 Bus clock filter count is 26
11010 Bus clock filter count is 27
11011 Bus clock filter count is 28
11100 Bus clock filter count is 29
11101 Bus clock filter count is 30
11110 Bus clock filter count is 31
11111 Bus clock filter count is 32

17.2.5 Mode Register (RCM_MR)

This register includes read-only status flags to indicate the state of the mode pins during
the last Chip Reset.

Address: FFFF_8080h base + 7h offset = FFFF_8087h

Bit 7 6 5 4 3 2 1 0

Read 0 EZP_MS MS

Write

Reset 0 0 0 0 0 0 0 0

RCM_MR field descriptions

Field Description

7–2
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

1
EZP_MS

EZP_MS_B pin state

Reflects the state of the EZP_MS pin during the last Chip Reset

0 Pin deasserted (logic 1)
1 Pin asserted (logic 0)

0
MS

MS_B Pin State

Reflects the state of the MS pin during the last Chip Reset

0 Pin deasserted (logic 1)
1 Pin asserted (logic 0)
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Chapter 18
System Mode Controller (SMC)

18.1 Introduction
The system mode controller (SMC) is responsible for sequencing the system into and out
of all low power stop and run modes. Specifically, it monitors events to trigger transitions
between power modes while controlling the power, clocks, and memories of the system
to achieve the power consumption and functionality of that mode.

This chapter describes all the available low power modes, the sequence followed to enter/
exit each mode, and the functionality available while in each of the modes.

The SMC is able to function during even the deepest low power modes.

18.2 Modes of operation
The V1 ColdFire CPU has two primary modes of operation: run and stop. The STOP
instruction is used to invoke both stop and wait modes. The CPU does not differentiate
between stop and wait modes.

In addition, Freescale MCUs also augment stop, wait, and run modes in a number of
ways. The power management controller (PMC) contains a run and a stop mode
regulator. Run regulation is used in normal run, wait and stop modes. Stop mode
regulation is used during all very low power and low leakage modes. During stop mode
regulation, the bus frequencies are limited in the very low power modes.

The SMC provides the user with multiple power options. The Very Low Power Run
(VLPR) mode can drastically reduce run time power when maximum bus frequency is
not required to handle the application needs. From Normal Run mode, the Run Mode
(RUNM) field can be modified to change the MCU into VLPR mode when limited
frequency is sufficient for the application. From VLPR mode, a corresponding wait
(VLPW) and stop (VLPS) mode can be entered.
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18.3 Memory map and register descriptions
Details follow about the registers related to the system mode controller.

Different SMC registers reset on different reset types. Each register's description provides
details.

NOTE
The SMC registers can be written only in supervisor mode.
Write accesses in user mode are blocked and will result in a bus
error.

SMC memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_80B0 Power Mode Protection register (SMC_PMPROT) 8 R/W 00h 18.3.1/331

FFFF_80B1 Power Mode Control register (SMC_PMCTRL) 8 R/W 00h 18.3.2/332

FFFF_80B2 VLLS Control register (SMC_VLLSCTRL) 8 R/W 03h 18.3.3/334

FFFF_80B3 Power Mode Status register (SMC_PMSTAT) 8 R 01h 18.3.4/335

18.3.1 Power Mode Protection register (SMC_PMPROT)

This register provides protection for entry into any low-power run or stop mode. The
enabling of the low-power run or stop mode occurs by configuring the Power Mode
Control register (PMCTRL).

The PMPROT register can be written only once after any system reset.

If the MCU is configured for a disallowed or reserved power mode, the MCU remains in
its current power mode. For example, if the MCU is in normal RUN mode and AVLP is
0, an attempt to enter VLPR mode using PMCTRL[RUNM] is blocked and the RUNM
bits remain 00b, indicating the MCU is still in Normal Run mode.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS.
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Address: FFFF_80B0h base + 0h offset = FFFF_80B0h

Bit 7 6 5 4 3 2 1 0

Read 0 0 AVLP 0 0 0 AVLLS 0
Write
Reset 0 0 0 0 0 0 0 0

SMC_PMPROT field descriptions

Field Description

7
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5
AVLP

Allow Very-Low-Power Modes

Provided the appropriate control bits are set up in PMCTRL, this write-once bit allows the MCU to enter
any very-low-power mode (VLPR, VLPW, and VLPS).

0 VLPR, VLPW and VLPS are not allowed
1 VLPR, VLPW and VLPS are allowed

4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

3
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

2
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

1
AVLLS

Allow Very-Low-Leakage Stop Mode

Provided the appropriate control bits are set up in PMCTRL, this write once bit allows the MCU to enter
any very-low-leakage stop mode (VLLSx).

0 Any VLLSx mode is not allowed
1 Any VLLSx mode is allowed

0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

18.3.2 Power Mode Control register (SMC_PMCTRL)

The PMCTRL register controls entry into low-power run and stop modes, provided that
the selected power mode is allowed via an appropriate setting of the protection
(PMPROT) register.

NOTE
This register is reset on Chip POR not VLLS and by reset types
that trigger Chip POR not VLLS. It is unaffected by reset types
that do not trigger Chip POR not VLLS.
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Address: FFFF_80B0h base + 1h offset = FFFF_80B1h

Bit 7 6 5 4 3 2 1 0

Read
LPWUI RUNM

0 STOPA
STOPM

Write

Reset 0 0 0 0 0 0 0 0

SMC_PMCTRL field descriptions

Field Description

7
LPWUI

Low-Power Wake Up On Interrupt

Causes the SMC to exit to normal RUN mode when any active MCU interrupt occurs while in a VLP mode
(VLPR, VLPW or VLPS).

NOTE: If VLPS mode was entered directly from RUN mode, the SMC will always exit back to normal
RUN mode regardless of the LPWUI setting.

NOTE: LPWUI must be modified only while the system is in RUN mode, that is, when PMSTAT=RUN.

0 The system remains in a VLP mode on an interrupt
1 The system exits to Normal RUN mode on an interrupt

6–5
RUNM

Run Mode Control

When written, causes entry into the selected run mode. Writes to this field are blocked if the protection
level has not been enabled using the PMPROT register. This field is cleared by hardware on any exit to
normal RUN mode.

NOTE: RUNM may be set to VLPR only when PMSTAT=RUN. After being written to VLPR, RUNM
should not be written back to RUN until PMSTAT=VLPR.

00 Normal Run mode (RUN)
01 Reserved
10 Very-Low-Power Run mode (VLPR)
11 Reserved

4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

3
STOPA

Stop Aborted

When set, this read-only status bit indicates an interrupt or reset occured during the previous stop mode
entry sequence, preventing the system from entering that mode. This bit is cleared by hardware at the
beginning of any stop mode entry sequence and is set if the sequence was aborted.

0 The previous stop mode entry was successsful.
1 The previous stop mode entry was aborted.

2–0
STOPM

Stop Mode Control

When written, controls entry into the selected stop mode when the next STOP instruction is executed with
STOPE=1 and WAITE=0 . Writes to this field are blocked if the protection level has not been enabled
using the PMPROT register. After any system reset, this field is cleared by hardware on any successful
write to the PMPROT register.

NOTE: When set to VLLSx, the in the VLLSCTRL register is used to further select the particular VLLS
submode which will be entered.

NOTE:

Table continues on the next page...
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SMC_PMCTRL field descriptions (continued)

Field Description
000 Normal Stop (STOP)
001 Reserved
010 Very-Low-Power Stop (VLPS)
011 Reserved
100 Very-Low-Leakage Stop (VLLSx)
101 Reserved
110 Reseved
111 Reserved

18.3.3 VLLS Control register (SMC_VLLSCTRL)

The VLLSCTRL register controls features related to VLLS modes.

NOTE
This register is reset on Chip POR not VLLS and by reset types
that trigger Chip POR not VLLS. It is unaffected by reset types
that do not trigger Chip POR not VLLS.

Address: FFFF_80B0h base + 2h offset = FFFF_80B2h

Bit 7 6 5 4 3 2 1 0

Read 0 0 RAM2PO 0 VLLSM
Write
Reset 0 0 0 0 0 0 1 1

SMC_VLLSCTRL field descriptions

Field Description

7–6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

4
RAM2PO

RAM2 Power Option

Controls powering of RAM partition 2 in VLLS2 mode.

NOTE: See the device's chip configuration details for the size and location of RAM parition 2

0 RAM2 not powered in VLLS2
1 RAM2 powered in VLLS2

3
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

2–0
VLLSM

VLLS Mode Control

Controls which VLLS sub-mode to enter if STOPM=VLLS.

000 Reserved

Table continues on the next page...
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SMC_VLLSCTRL field descriptions (continued)

Field Description

001 VLLS1
010 VLLS2
011 VLLS3
100 Reserved
101 Reserved
110 Reserved
111 Reserved

18.3.4 Power Mode Status register (SMC_PMSTAT)

PMSTAT is a read-only, one-hot register which indicates the current power mode of the
system.

NOTE
This register is reset on Chip POR not VLLS and by reset types
that trigger Chip POR not VLLS. It is unaffected by reset types
that do not trigger Chip POR not VLLS.

Address: FFFF_80B0h base + 3h offset = FFFF_80B3h

Bit 7 6 5 4 3 2 1 0

Read 0 PMSTAT

Write

Reset 0 0 0 0 0 0 0 1

SMC_PMSTAT field descriptions

Field Description

7
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

6–0
PMSTAT NOTE: When debug is enabled, the PMSTAT will not update to STOP or VLPS

000_0001 Current power mode is RUN
000_0010 Current power mode is STOP
000_0100 Current power mode is VLPR
000_1000 Current power mode is VLPW
001_0000 Current power mode is VLPS
010_0000 Reserved
100_0000 Current power mode is VLLS
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Chapter 19
Power Management Controller (PMC)

19.1 Introduction
The power management controller (PMC) contains the internal voltage regulator, power
on reset (POR), and low voltage detect system.

19.2 Features
The PMC features include:

• Internal voltage regulator
• Active POR providing brown-out detect
• Low-voltage detect supporting two low-voltage trip points with four warning levels

per trip point

19.3 Low-voltage detect (LVD) system
This device includes a system to guard against low-voltage conditions. This protects
memory contents and controls MCU system states during supply voltage variations. The
system is comprised of a power-on reset (POR) circuit and a LVD circuit with a user-
selectable trip voltage: high (VLVDH) or low (VLVDL). The trip voltage is selected by the
LVDSC1[LVDV] bits. The LVD is disabled upon entering VLPx and VLLSx modes.

Two flags are available to indicate the status of the low-voltage detect system:

• The low voltage detect flag (LVDF) operates in a level sensitive manner. The LVDF
bit is set when the supply voltage falls below the selected trip point (VLVD). The
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19.4 I/O retention

When in VLLS modes, the I/O states are held on a wakeup event (with the exception of
wakeup by reset event) until the wakeup has been acknowledged via a write to the
ACKISO bit. In the case of VLLS exit via a RESET pin, the I/O are released and default
to their reset state. In this case, no write to the ACKISO is needed.

19.5 Memory map and register descriptions
PMC register details follow.

NOTE
Different portions of PMC registers are reset only by particular
reset types. Each register's description provides details.

The PMC registers can be written only in supervisor mode.
Write accesses in user mode are blocked and will result in a bus
error.

PMC memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_80A0 Low Voltage Detect Status And Control 1 register
(PMC_LVDSC1) 8 R/W 10h 19.5.1/351

FFFF_80A1 Low Voltage Detect Status And Control 2 register
(PMC_LVDSC2) 8 R/W 00h 19.5.2/353

FFFF_80A2 Regulator Status And Control register (PMC_REGSC) 8 R/W 04h 19.5.3/354

19.5.1 Low Voltage Detect Status And Control 1 register
(PMC_LVDSC1)

This register contains status and control bits to support the low voltage detect function.
This register should be written during the reset initialization program to set the desired
controls even if the desired settings are the same as the reset settings.
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While the device is in the very low power or low leakage modes, the LVD system is
disabled regardless of LVDSC1 settings. To protect systems that must have LVD always
on, configure the SMC's power mode protection register (PMPROT) to disallow any very
low power or low leakage modes from being enabled.

See the device's data sheet for the exact LVD trip voltages.

NOTE
The LVDV bits are reset solely on a POR Only event. The
register's other bits are reset on Chip Reset Not VLLS.

Address: FFFF_80A0h base + 0h offset = FFFF_80A0h

Bit 7 6 5 4 3 2 1 0

Read LVDF 0
LVDIE LVDRE

0
LVDV

Write LVDACK

Reset 0 0 0 1 0 0 0 0

PMC_LVDSC1 field descriptions

Field Description

7
LVDF

Low-Voltage Detect Flag

This read-only status bit indicates a low-voltage detect event.

0 Low-voltage event not detected
1 Low-voltage event detected

6
LVDACK

Low-Voltage Detect Acknowledge

This write-only bit is used to acknowledge low voltage detection errors. Write 1 to clear LVDF. Reads
always return 0.

5
LVDIE

Low-Voltage Detect Interrupt Enable

Enables hardware interrupt requests for LVDF.

0 Hardware interrupt disabled (use polling)
1 Request a hardware interrupt when LVDF = 1

4
LVDRE

Low-Voltage Detect Reset Enable

This write-once bit enables LVDF events to generate a hardware reset. Additional writes are ignored.

0 LVDF does not generate hardware resets
1 Force an MCU reset when LVDF = 1

3–2
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

1–0
LVDV

Low-Voltage Detect Voltage Select

Selects the LVD trip point voltage (V LVD ).

00 Low trip point selected (V LVD = V LVDL )
01 High trip point selected (V LVD = V LVDH )

Table continues on the next page...
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PMC_LVDSC1 field descriptions (continued)

Field Description

10 Reserved
11 Reserved

19.5.2 Low Voltage Detect Status And Control 2 register
(PMC_LVDSC2)

This register contains status and control bits to support the low voltage warning function.

While the device is in the very low power or low leakage modes, the LVD system is
disabled regardless of LVDSC2 settings.

See the device's data sheet for the exact LVD trip voltages.

NOTE
The LVW trip voltages depend on LVWV and LVDV bits.

NOTE
The LVWV bits are reset solely on a POR Only event. The
register's other bits are reset on Chip Reset Not VLLS.

Address: FFFF_80A0h base + 1h offset = FFFF_80A1h

Bit 7 6 5 4 3 2 1 0

Read LVWF 0
LVWIE

0
LVWV

Write LVWACK

Reset 0 0 0 0 0 0 0 0

PMC_LVDSC2 field descriptions

Field Description

7
LVWF

Low-Voltage Warning Flag

This read-only status bit indicates a low-voltage warning event. LVWF is set when VSupply transitions below
the trip point, or after reset and VSupply is already below VLVW. LVWF bit may be 1 after power on reset,
therefore, to use LVW interrupt function, before enabling LVWIE, LVWF must be cleared by writing
LVWACK first.

0 Low-voltage warning event not detected
1 Low-voltage warning event detected

6
LVWACK

Low-Voltage Warning Acknowledge

This write-only bit is used to acknowledge low voltage warning errors. Write 1 to clear LVWF. Reads
always return 0.

5
LVWIE

Low-Voltage Warning Interrupt Enable

Table continues on the next page...
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PMC_LVDSC2 field descriptions (continued)

Field Description
Enables hardware interrupt requests for LVWF.

0 Hardware interrupt disabled (use polling)
1 Request a hardware interrupt when LVWF = 1

4–2
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

1–0
LVWV

Low-Voltage Warning Voltage Select

Selects the LVW trip point voltage (VLVW). The actual voltage for the warning depends on LVDSC1[LVDV].

00 Low trip point selected (VLVW = VLVW1)
01 Mid 1 trip point selected (VLVW = VLVW2)
10 Mid 2 trip point selected (VLVW = VLVW3)
11 High trip point selected (VLVW = VLVW4)

19.5.3 Regulator Status And Control register (PMC_REGSC)

The PMC contains an internal voltage regulator. The voltage regulator design uses a
bandgap reference that is also available through a buffer as input to certain internal
peripherals, such as the CMP and ADC. The internal regulator provides a status bit
(REGONS) indicating the regulator is in run regulation.

NOTE
This register is reset on Chip Reset Not VLLS and by reset
types that trigger Chip Reset not VLLS.

Address: FFFF_80A0h base + 2h offset = FFFF_80A2h

Bit 7 6 5 4 3 2 1 0

Read 0
Reserved BGEN

ACKISO REGONS
Reserved BGBE

Write w1c

Reset 0 0 0 0 0 1 0 0

PMC_REGSC field descriptions

Field Description

7–6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5
Reserved

This field is reserved.

4
BGEN

Bandgap Enable In VLPx Operation

BGEN controls whether the bandgap is enabled in lower power modes of operation (VLPx, and VLLSx).
When on-chip peripherals require the bandgap voltage reference in low power modes of operation, set
BGEN to continue to enable the bandgap operation.

Table continues on the next page...
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Chapter 20
Voltage Regulator (VREG)

20.1 Introduction
The USB Voltage Regulator module is a LDO linear voltage regulator to provide 3.3V
power from an input power supply varying from 2.7 V to 5.5 V. It consists of one 3.3 V
power channel. When the input power supply is below 3.6 V, the regulator goes to pass-
through mode. The following figure shows the ideal relation between the regulator output
and input power supply.

OUTPUT
(Volt)

3.3

2.1

2.7 3.6 5.5 INPUT (Volt)

Figure 20-1. Ideal Relation Between the Regulator Output and Input Power Supply

20.1.1 Overview
A simplified block diagram for the USB Voltage Regulator module is shown below.
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Chapter 21
DMA Controller

21.1 Introduction
This chapter describes the direct memory access (DMA) controller module. It provides an
overview of the module and describes in detail its signals and programming model. The
latter sections of this chapter describe operations, features, and supported data transfer
modes in detail.

Note

The designation n is used throughout this section to refer to
registers or signals associated with one of the four identical
DMA channels: DMA0, DMA1, DMA2, or DMA3.

21.1.1 Overview
The DMA controller module enables fast transfers of data, providing an efficient way to
move blocks of data with minimal processor interaction. The DMA module, shown in the
following figure, has four channels that allow 8-bit, 16-bit, or 32-bit data transfers. Each
channel has a dedicated source address register (SARn), destination address register
(DARn), status register (DSRn), byte count register (BCRn), and control register
(DCRn). Collectively, the combined program-visible registers associated with each
channel define a transfer control descriptor (TCD). All transfers are dual address, moving
data from a source memory location to a destination memory location with the module
operating as a 32-bit bus master connected to the system bus. The programming model is
accessed through a 32-bit connection with the slave peripheral bus. DMA data transfers
may be explicitly initiated by software or by peripheral hardware requests.

The following figure is a simplified block diagram of the 4-channel DMA controller.
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• Dual-address transfers—A dual-address transfer consists of a read followed by a
write and is initiated by a request using the DCRn[START] bit or by a peripheral
DMA request. The read data is temporarily held in the DMA channel hardware until
the write operation. Two types of single transfers occur: a read from a source address
followed by a write to a destination address. See the following figure.

Control and Data

 

Write

Read 

DMA 

Memory/ 
Peripheral 

Memory/ 
Peripheral 

 

Control and Data 

Figure 21-2. Dual-Address Transfer

Any operation involving a DMA channel follows the same three steps:

1. Channel initialization—The transfer control descriptor, contained in the channel
registers, is loaded with address pointers, a byte-transfer count, and control
information using accesses from the slave peripheral bus.

2. Data transfer—The DMA accepts requests for data transfers. Upon receipt of a
request, it provides address and bus control for the transfers via its master connection
to the system bus and temporary storage for the read data. The channel performs one
or more source read and destination write data transfers.

3. Channel termination—Occurs after the operation is finished successfully or due to an
error. The channel indicates the operation status in the channel's DSR, described in
the definitions of the DMA Status Registers (DSRn) and Byte Count Registers
(BCRn).

Memory Map and Registers

Descriptions of each register and its bit assignments follow. Modifying DMA control
registers during a transfer can result in undefined operation. The following table shows
the mapping of DMA controller registers. The DMA programming model is accessed via

21.3

Memory Map and Registers
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the slave peripheral bus. The concatenation of the source and destination address
registers, the status and byte count register, and the control register create a 128-bit
transfer control descriptor (TCD) that defines the operation of each DMA channel.

DMA memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_E400 DMA Request Control Register (DMA_REQC) 32 R/W 0000_0000h 21.3.1/365

FFFF_E500 Source Address Register (DMA_SAR0) 32 R/W 0000_0000h 21.3.2/369

FFFF_E504 Destination Address Register (DMA_DAR0) 32 R/W 0000_0000h 21.3.3/370

FFFF_E508 DMA Status Register / Byte Count Register
(DMA_DSR_BCR0) 32 R/W 0000_0000h 21.3.4/370

FFFF_E50C DMA Control Register (DMA_DCR0) 32 R/W 0000_0000h 21.3.5/373

FFFF_E510 Source Address Register (DMA_SAR1) 32 R/W 0000_0000h 21.3.2/369

FFFF_E514 Destination Address Register (DMA_DAR1) 32 R/W 0000_0000h 21.3.3/370

FFFF_E518 DMA Status Register / Byte Count Register
(DMA_DSR_BCR1) 32 R/W 0000_0000h 21.3.4/370

FFFF_E51C DMA Control Register (DMA_DCR1) 32 R/W 0000_0000h 21.3.5/373

FFFF_E520 Source Address Register (DMA_SAR2) 32 R/W 0000_0000h 21.3.2/369

FFFF_E524 Destination Address Register (DMA_DAR2) 32 R/W 0000_0000h 21.3.3/370

FFFF_E528 DMA Status Register / Byte Count Register
(DMA_DSR_BCR2) 32 R/W 0000_0000h 21.3.4/370

FFFF_E52C DMA Control Register (DMA_DCR2) 32 R/W 0000_0000h 21.3.5/373

FFFF_E530 Source Address Register (DMA_SAR3) 32 R/W 0000_0000h 21.3.2/369

FFFF_E534 Destination Address Register (DMA_DAR3) 32 R/W 0000_0000h 21.3.3/370

FFFF_E538 DMA Status Register / Byte Count Register
(DMA_DSR_BCR3) 32 R/W 0000_0000h 21.3.4/370

FFFF_E53C DMA Control Register (DMA_DCR3) 32 R/W 0000_0000h 21.3.5/373

21.3.1 DMA Request Control Register (DMA_REQC)

This register provides a software-controlled connection matrix for DMA requests and
acknowledges. Each channel supports 16 possible peripheral requests. The register is
programmed to select one peripheral request from the available sources for each channel
of the DMA controller. Additionally, the register routes a DMA acknowledge from the
channel back to the appropriate peripheral. Writing to this register determines the exact
routing of the DMA requests to each of the four channels of the DMA module.

If DCRn[ERQ] is set and the channel is idle, the assertion of the appropriate DREQn
signal activates channel n.

The connections of the DMA request sources to the specific channels are device-specific.
Refer to the Chip Configuration details for more information.
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Address: FFFF_E400h base + 0h offset = FFFF_E400h

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

R 0 0

DMAC0

0 0

DMAC1

W

C
FS

M
0

C
FS

M
1

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R 0 0

DMAC2

0 0

DMAC3

W

C
FS

M
2

C
FS

M
3

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DMA_REQC field descriptions

Field Description

31
CFSM0

Clear state machine control 0

This bit clears the state machine for DMA channel 0. When changing the DMAC0 field to select a different
requester, set (write 1) to the CFSM0 bit to clear the channel's state machine. Writing 0 to this bit has no
effect. The bit always reads as 0.

0 No effect
1 Clear state machine for DMA channel 0

30–28
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

27–24
DMAC0

DMA channel 0

This four-bit field defines the logical connection between the DMA requesters and DMA channel 0. There
are sixteen possible requesters per channel and any request from the possible sources can be routed to
the DMA channel 0. Effectively, the DMAREQC register provides a software-controlled routing matrix of
the DMA request signals to the 4 channels of the DMA module. DMAC0 controls DMA channel 0.

The DMA also uses this register to control the broadcasting of acknowledge/done signals back to the
selected peripheral to complete the hardware-initiated data transfer.

The definition of the 16 possible DMA request sources for each channel is device specific. Refer to the
Chip Configuration details for more information.

0000 Select request 0 as the source
0001 Select request 1 as the source
0010 Select request 2 as the source
0011 Select request 3 as the source
0100 Select request 4 as the source
0101 Select request 5 as the source
0110 Select request 6 as the source

Table continues on the next page...
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DMA_REQC field descriptions (continued)
Field Description

0111 Select request 7 as the source
1000 Select request 8 as the source
1001 Select request 9 as the source
1010 Select request 10 as the source
1011 Select request 11 as the source
1100 Select request 12 as the source
1101 Select request 13 as the source
1110 Select request 14 as the source
1111 Select request 15 as the source

23
CFSM1

Clear state machine control 1

This bit clears the state machine for DMA channel 1. When changing the DMAC1 field to select a different
requester, set (write 1) to the CFSM1 bit to clear the channel's state machine. Writing 0 to this bit has no
effect. The bit always reads as 0.

0 No effect
1 Clear state machine for DMA channel 1

22–20
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

19–16
DMAC1

DMA channel 1

This four-bit field defines the logical connection between the DMA requesters and DMA channel 1. There
are sixteen possible requesters per channel and any request from the possible sources can be routed to
the DMA channel 1. Effectively, the DMAREQC register provides a software-controlled routing matrix of
the DMA request signals to the 4 channels of the DMA module. DMAC1 controls DMA channel 1.

The DMA also uses this register to control the broadcasting of acknowledge/done signals back to the
selected peripheral to complete the hardware-initiated data transfer.

The definition of the 16 possible DMA request sources for each channel is device specific. Refer to the
Chip Configuration details for more information.

0000 Select request 0 as the source
0001 Select request 1 as the source
0010 Select request 2 as the source
0011 Select request 3 as the source
0100 Select request 4 as the source
0101 Select request 5 as the source
0110 Select request 6 as the source
0111 Select request 7 as the source
1000 Select request 8 as the source
1001 Select request 9 as the source
1010 Select request 10 as the source
1011 Select request 11 as the source
1100 Select request 12 as the source
1101 Select request 13 as the source
1110 Select request 14 as the source
1111 Select request 15 as the source

15
CFSM2

Clear state machine control 2

Table continues on the next page...
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DMA_REQC field descriptions (continued)
Field Description

This bit clears the state machine for DMA channel 2. When changing the DMAC2 field to select a different
requester, set (write 1) to the CFSM2 bit to clear the channel's state machine. Writing 0 to this bit has no
effect. The bit always reads as 0.

0 No effect
1 Clear state machine for DMA channel 2

14–12
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

11–8
DMAC2

DMA channel 2

This four-bit field defines the logical connection between the DMA requesters and DMA channel 2. There
are sixteen possible requesters per channel and any request from the possible sources can be routed to
the DMA channel 2. Effectively, the DMAREQC register provides a software-controlled routing matrix of
the DMA request signals to the 4 channels of the DMA module. DMAC2 controls DMA channel 2.

The DMA also uses this register to control the broadcasting of acknowledge/done signals back to the
selected peripheral to complete the hardware-initiated data transfer.

The definition of the 16 possible DMA request sources for each channel is device specific. Refer to the
Chip Configuration details for more information.

0000 Select request 0 as the source
0001 Select request 1 as the source
0010 Select request 2 as the source
0011 Select request 3 as the source
0100 Select request 4 as the source
0101 Select request 5 as the source
0110 Select request 6 as the source
0111 Select request 7 as the source
1000 Select request 8 as the source
1001 Select request 9 as the source
1010 Select request 10 as the source
1011 Select request 11 as the source
1100 Select request 12 as the source
1101 Select request 13 as the source
1110 Select request 14 as the source
1111 Select request 15 as the source

7
CFSM3

Clear state machine control 3

This bit clears the state machine for DMA channel 3. When changing the DMAC3 field to select a different
requester, set (write 1) to the CFSM3 bit to clear the channel's state machine. Writing 0 to this bit has no
effect. The bit always reads as 0.

0 No effect
1 Clear state machine for DMA channel 3

6–4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

3–0
DMAC3

DMA channel 3

This four-bit field defines the logical connection between the DMA requesters and DMA channel 3. There
are sixteen possible requesters per channel and any request from the possible sources can be routed to

Table continues on the next page...
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DMA_REQC field descriptions (continued)

Field Description
the DMA channel 3. Effectively, the DMAREQC register provides a software-controlled routing matrix of
the DMA request signals to the 4 channels of the DMA module. DMAC3 controls DMA channel 3.

The DMA also uses this register to control the broadcasting of acknowledge/done signals back to the
selected peripheral to complete the hardware-initiated data transfer.

The definition of the 16 possible DMA request sources for each channel is device specific. Refer to the
Chip Configuration details for more information.

0000 Select request 0 as the source
0001 Select request 1 as the source
0010 Select request 2 as the source
0011 Select request 3 as the source
0100 Select request 4 as the source
0101 Select request 5 as the source
0110 Select request 6 as the source
0111 Select request 7 as the source
1000 Select request 8 as the source
1001 Select request 9 as the source
1010 Select request 10 as the source
1011 Select request 11 as the source
1100 Select request 12 as the source
1101 Select request 13 as the source
1110 Select request 14 as the source
1111 Select request 15 as the source

21.3.2 Source Address Register (DMA_SARn)
Address: FFFF_E400h base + 100h offset + (16d × i), where i=0d to 3d

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

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DMA_SARn field descriptions

Field Description

31–0
SAR

Each SAR contains the byte address used by the DMA controller to read data. The SARn is typically
aligned on a 0-modulo-ssize boundary—that is, on the natural alignment of the source data. Because the
system supports only 24-bit addresses, SARn[31:24] is ignored.
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21.3.3 Destination Address Register (DMA_DARn)
Address: FFFF_E400h base + 104h offset + (16d × i), where i=0d to 3d

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

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DMA_DARn field descriptions

Field Description

31–0
DAR

Each DAR contains the byte address used by the DMA controller to write data. The DARn is typically
aligned on a 0-modulo-dsize boundary—that is, on the natural alignment of the destination data. Because
the system supports only 24-bit addresses, DARn[31:24] is ignored.

21.3.4 DMA Status Register / Byte Count Register (DMA_DSR_BCRn)

DSR and BCR are two logical registers that occupy one 32-bit address. DSRn occupies
bits 31–24, and BCRn occupies bits 23–0. DSRn contains flags indicating the channel
status, and BCRn contains the number of bytes yet to be transferred for a given block.

On the successful completion of the write transfer, BCRn decrements by 1, 2, or 4 for 8-
bit, 16-bit, or 32-bit accesses, respectively. BCRn is cleared if a 1 is written to
DSR[DONE].

In response to an event, the DMA controller writes to the appropriate DSRn bit. Only a
write to DSRn[DONE] results in action. DSRn[DONE] is set when the block transfer is
complete.

When a transfer sequence is initiated and BCRn[BCR] is not a multiple of 4 or 2 when
the DMA is configured for 32-bit or 16-bit transfers, respectively, DSRn[CE] is set and
no transfer occurs.
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Address: FFFF_E400h base + 108h offset + (16d × i), where i=0d to 3d

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

R 0 CE BES BED 0

R
E

Q BSY

D
O

N
E

BCR

W w1c

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R

BCR

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DMA_DSR_BCRn field descriptions

Field Description

31
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

30
CE

Configuration error

Any of the following conditions causes a configuration error:
• BCR, SAR, or DAR does not match the requested transfer size.
• SSIZE or DSIZE is set to an unsupported value.
• BCR equals 0 when the DMA receives a start condition.

CE is cleared at hardware reset or by writing a 1 to the DONE bit.

0 No configuration error exists.
1 A configuration error has occurred.

29
BES

Bus error on source

BES is cleared at hardware reset or by writing a 1 to the DONE bit.

0 No bus error occurred.
1 The DMA channel terminated with a bus error during the read portion of a transfer.

28
BED

Bus error on destination

BED is cleared at hardware reset or by writing a 1 to the DONE bit.

0 No bus error occurred.
1 The DMA channel terminated with a bus error during the write portion of a transfer.

Table continues on the next page...
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DMA_DSR_BCRn field descriptions (continued)

Field Description

27
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

26
REQ

Request

0 No request is pending or the channel is currently active. Cleared when the channel is selected.
1 The DMA channel has a transfer remaining and the channel is not selected.

25
BSY

Busy

0 DMA channel is inactive. Cleared when the DMA has finished the last transaction.
1 BSY is set the first time the channel is enabled after a transfer is initiated.

24
DONE

Transactions done

Set when all DMA controller transactions complete as determined by transfer count, or based on error
conditions. When BCR reaches zero, DONE is set when the final transfer completes successfully. DONE
can also be used to abort a transfer by resetting the status bits. When a transfer completes, software must
clear DONE before reprogramming the DMA.

0 DMA transfer is not yet complete. Writing a 0 has no effect.
1 DMA transfer completed. Writing a 1 to this bit clears all DMA status bits and should be used in an

interrupt service routine to clear the DMA interrupt and error bits.

23–0
BCR

This field contains the number of bytes yet to be transferred for a given block.
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21.3.5 DMA Control Register (DMA_DCRn)
Address: FFFF_E400h base + 10Ch offset + (16d × i), where i=0d to 3d

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

R

EINT ERQ CS AA

0

R
es

er
ve

d

R
es

er
ve

d

SINC SSIZE DINC DSIZE

0

W

S
TA

R
T

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R

SMOD DMOD
D

_R
E

Q

0

LINKCC LCH1 LCH2

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DMA_DCRn field descriptions

Field Description

31
EINT

Enable interrupt on completion of transfer

Determines whether an interrupt is generated by completing a transfer or by the occurrence of an error
condition.

0 No interrupt is generated.
1 Interrupt signal is enabled.

30
ERQ

Enable peripheral request

CAUTION: Be careful: a collision can occur between the START bit and D_REQ when the ERQ bit is 1.

0 Peripheral request is ignored.
1 Enables peripheral request, defined by the appropriate REQC[DMACn] field, to initiate transfer. A

software-initiated request (setting the START bit) is always enabled.

29
CS

Cycle steal

0 DMA continuously makes read/write transfers until the BCR decrements to 0.
1 Forces a single read/write transfer per request.

28
AA

Auto-align

Table continues on the next page...
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DMA_DCRn field descriptions (continued)
Field Description

AA and SIZE bits determine whether the source or destination is auto-aligned; that is, transfers are
optimized based on the address and size.

0 Auto-align disabled
1 If SSIZE indicates a transfer no smaller than DSIZE, source accesses are auto-aligned; otherwise,

destination accesses are auto-aligned. Source alignment takes precedence over destination
alignment. If auto-alignment is enabled, the appropriate address register increments, regardless of
DINC or SINC.

27–25
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

24
Reserved

This field is reserved.

CAUTION: Must be written as zero; otherwise, undefined behavior results.

23
Reserved

This field is reserved.

CAUTION: Must be written as zero; otherwise, undefined behavior results.

22
SINC

Source increment

Controls whether the source address increments after each successful transfer.

0 No change to SAR after a successful transfer.
1 The SAR increments by 1, 2, 4 as determined by the transfer size.

21–20
SSIZE

Source size

Determines the data size of the source bus cycle for the DMA controller.

00 32-bit
01 8-bit
10 16-bit
11 Reserved (generates a configuration error (DSRn[CE]) if incorrectly specified at time of channel

activation)

19
DINC

Destination increment

Controls whether the destination address increments after each successful transfer.

0 No change to the DAR after a successful transfer.
1 The DAR increments by 1, 2, 4 depending upon the size of the transfer.

18–17
DSIZE

Destination size

Determines the data size of the destination bus cycle for the DMA controller.

00 32-bit
01 8-bit
10 16-bit
11 Reserved (generates a configuration error (DSRn[CE]) if incorrectly specified at time of channel

activation)

16
START

Start transfer

0 DMA inactive
1 The DMA begins the transfer in accordance to the values in the TCDn. START is cleared

automatically after one module clock and always reads as logic 0.

Table continues on the next page...
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DMA_DCRn field descriptions (continued)

Field Description

15–12
SMOD

Source address modulo

Defines the size of the source data circular buffer used by the DMA Controller. If enabled (SMOD is non-
zero), the buffer base address is located on a boundary of the buffer size. The value of this boundary is
based upon the initial source address (SAR). The base address should be aligned to a 0-modulo-(circular
buffer size) boundary. Misaligned buffers are not possible. The boundary is forced to the value determined
by the upper address bits in the field selection.

0000 Buffer disabled
0001 Circular buffer size is 16 bytes
0010 Circular buffer size is 32 bytes
0011 Circular buffer size is 64 bytes
0100 Circular buffer size is 128 bytes
0101 Circular buffer size is 256 bytes
0110 Circular buffer size is 512 bytes
0111 Circular buffer size is 1 KB
1000 Circular buffer size is 2 KB
1001 Circular buffer size is 4 KB
1010 Circular buffer size is 8 KB
1011 Circular buffer size is 16 KB
1100 Circular buffer size is 32 KB
1101 Circular buffer size is 64 KB
1110 Circular buffer size is 128 KB
1111 Circular buffer size is 256 KB

11–8
DMOD

Destination address modulo

Defines the size of the destination data circular buffer used by the DMA Controller. If enabled (DMOD
value is non-zero), the buffer base address is located on a boundary of the buffer size. The value of this
boundary depends on the initial destination address (DAR). The base address should be aligned to a 0-
modulo-(circular buffer size) boundary. Misaligned buffers are not possible. The boundary is forced to the
value determined by the upper address bits in the field selection.

0000 Buffer disabled
0001 Circular buffer size is 16 bytes
0010 Circular buffer size is 32 bytes
0011 Circular buffer size is 64 bytes
0100 Circular buffer size is 128 bytes
0101 Circular buffer size is 256 bytes
0110 Circular buffer size is 512 bytes
0111 Circular buffer size is 1 KB
1000 Circular buffer size is 2 KB
1001 Circular buffer size is 4 KB
1010 Circular buffer size is 8 KB
1011 Circular buffer size is 16 KB
1100 Circular buffer size is 32 KB
1101 Circular buffer size is 64 KB
1110 Circular buffer size is 128 KB
1111 Circular buffer size is 256 KB

7
D_REQ

Disable request

Table continues on the next page...
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DMA_DCRn field descriptions (continued)

Field Description
DMA hardware automatically clears the corresponding DCRn[ERQ] bit when the byte count register
reaches zero.

0 ERQ bit is not affected.
1 ERQ bit is cleared when the BCR is exhausted.

6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5–4
LINKCC

Link channel control

Allows DMA channels to have their transfers linked. The current DMA channel triggers a DMA request to
the linked channels (LCH1 or LCH2) depending on the condition described by the LINKCC bits.

If not in cycle steal mode (DCRn[CS]=0) and LINKCC equals 01 or 10, no link to LCH1 occurs.

If LINKCC equals 01, a link to LCH1 is created after each cycle-steal transfer performed by the current
DMA channel is completed. As the last cycle-steal is performed and the BCR reaches zero, then the link to
LCH1 is closed and a link to LCH2 is created.

00 No channel-to-channel linking
01 Perform a link to channel LCH1 after each cycle-steal transfer followed by a link to LCH2 after the

BCR decrements to zero
10 Perform a link to channel LCH1 after each cycle-steal transfer
11 Perform a link to channel LCH1 after the BCR decrements to zero

3–2
LCH1

Link channel 1

Indicates the DMA channel assigned as link channel 1. The link channel number cannot be the same as
the currently executing channel, and generates a configuration error if this is attempted (DSRn[CE] is set).

00 DMA Channel 0
01 DMA Channel 1
10 DMA Channel 2
11 DMA Channel 3

1–0
LCH2

Link channel 2

Indicates the DMA channel assigned as link channel 2. The link channel number cannot be the same as
the currently executing channel, and generates a configuration error if this is attempted (DSRn[CE] is set).

00 DMA Channel 0
01 DMA Channel 1
10 DMA Channel 2
11 DMA Channel 3

21.4 Functional Description
In the following discussion, the term DMA request implies that DCRn[START] is set, or
DCRn[ERQ] is set and then followed by assertion of the properly selected DMA
peripheral request. The START bit is cleared when the channel is activated.

Functional Description
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Chapter 22
Multipurpose Clock Generator (MCG)

22.1 Introduction
The multipurpose clock generator (MCG) module provides several clock source choices
for the MCU. The module contains a frequency-locked loop (FLL) and a phase-locked
loop (PLL). The FLL is controllable by either an internal or an external reference clock.
The PLL is controllable by the external reference clock. The module can select either of
the FLL or PLL output clocks, or either of the internal or external reference clocks as a
source for the MCU system clock. The MCG operates in conjuction with a crystal
oscillator, which allows an external crystal, ceramic resonator, or another external clock
source to produce the external reference clock.

22.1.1 Features
Key features of the MCG module are:

• Frequency-locked loop (FLL):

• Digitally-controlled oscillator (DCO)

• DCO frequency range is programmable for up to four different frequency ranges.

• Option to program and maximize DCO output frequency for a low frequency
external reference clock source.

• Option to prevent FLL from resetting its current locked frequency when
switching clock modes if FLL reference frequency is not changed.

• Internal or external reference clock can be used as the FLL source.

• Can be used as a clock source for other on-chip peripherals.

• Phase-locked loop (PLL):
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22.1.2 Modes of Operation
The MCG has the following modes of operation: FEI, FEE, FBI, FBE, PBE, PEE, BLPI,
BLPE, and Stop. For details, see MCG modes of operation.

22.2 External Signal Description
There are no MCG signals that connect off chip.

22.3 Memory Map/Register Definition
This section includes the memory map and register definition.

MCG memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_81E0 MCG Control 1 Register (MCG_C1) 8 R/W 04h 22.3.1/387

FFFF_81E1 MCG Control 2 Register (MCG_C2) 8 R/W See section 22.3.2/389

FFFF_81E2 MCG Control 3 Register (MCG_C3) 8 R/W Undefined 22.3.3/390

FFFF_81E3 MCG Control 4 Register (MCG_C4) 8 R/W Undefined 22.3.4/390

FFFF_81E4 MCG Control 5 Register (MCG_C5) 8 R/W 00h 22.3.5/392

FFFF_81E5 MCG Control 6 Register (MCG_C6) 8 R/W 00h 22.3.6/393

FFFF_81E6 MCG Status Register (MCG_S) 8 R 10h 22.3.7/394

FFFF_81E8 MCG Auto Trim Control Register (MCG_ATC) 8 R/W 00h 22.3.8/396

FFFF_81EA MCG Auto Trim Compare Value High Register
(MCG_ATCVH) 8 R/W 00h 22.3.9/396

FFFF_81EB MCG Auto Trim Compare Value Low Register
(MCG_ATCVL) 8 R/W 00h 22.3.10/397

22.3.1 MCG Control 1 Register (MCG_C1)
Address: FFFF_81E0h base + 0h offset = FFFF_81E0h

Bit 7 6 5 4 3 2 1 0
Read CLKS FRDIV IREFS IRCLKEN IREFSTENWrite
Reset 0 0 0 0 0 1 0 0
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22.3.2 MCG Control 2 Register (MCG_C2)
Address: FFFF_81E0h base + 1h offset = FFFF_81E1h

Bit 7 6 5 4 3 2 1 0

Read 0 0 RANGE HGO EREFS LP IRCS
Write
Reset 0 0 0 0 0 0 0 0

MCG_C2 field descriptions

Field Description

7
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5–4
RANGE

Frequency Range Select

Selects the frequency range for the crystal oscillator or external clock source. See the Oscillator (OSC)
chapter for more details and the device data sheet for the frequency ranges used.

00 Encoding 0 — Low frequency range selected for the crystal oscillator .
01 Encoding 1 — High frequency range selected for the crystal oscillator .
1X Encoding 2 — Very high frequency range selected for the crystal oscillator .

3
HGO

High Gain Oscillator Select

Controls the crystal oscillator mode of operation. See the Oscillator (OSC) chapter for more details.

0 Configure crystal oscillator for low-power operation.
1 Configure crystal oscillator for high-gain operation.

2
EREFS

External Reference Select

Selects the source for the external reference clock. See the Oscillator (OSC) chapter for more details.

0 External reference clock requested.
1 Oscillator requested.

1
LP

Low Power Select

Controls whether the FLL or PLL is disabled in BLPI and BLPE modes. In FBE or PBE modes, setting this
bit to 1 will transition the MCG into BLPE mode; in FBI mode, setting this bit to 1 will transition the MCG
into BLPI mode. In any other MCG mode, LP bit has no affect.

0 FLL or PLL is not disabled in bypass modes.
1 FLL or PLL is disabled in bypass modes (lower power) unless BDM is active.

0
IRCS

Internal Reference Clock Select

Selects between the fast or slow internal reference clock source.

0 Slow internal reference clock selected.
1 Fast internal reference clock selected.
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22.3.3 MCG Control 3 Register (MCG_C3)
Address: FFFF_81E0h base + 2h offset = FFFF_81E2h

Bit 7 6 5 4 3 2 1 0
Read SCTRIMWrite
Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

MCG_C3 field descriptions

Field Description

7–0
SCTRIM

Slow Internal Reference Clock Trim Setting

SCTRIM 1 controls the slow internal reference clock frequency by controlling the slow internal reference
clock period. The SCTRIM bits are binary weighted, that is, bit 1 adjusts twice as much as bit 0. Increasing
the binary value increases the period, and decreasing the value decreases the period.

An additional fine trim bit is available in C4 register as the SCFTRIM bit. Upon reset, this value is loaded
with a factory trim value.

If an SCTRIM value stored in nonvolatile memory is to be used, it is your responsibility to copy that value
from the nonvolatile memory location to this register.

1. A value for SCTRIM is loaded during reset from a factory programmed location.

22.3.4 MCG Control 4 Register (MCG_C4)

NOTE

Reset values for DRST and DMX32 bits are 0.

Address: FFFF_81E0h base + 3h offset = FFFF_81E3h

Bit 7 6 5 4 3 2 1 0
Read DMX32 DRST_DRS FCTRIM SCFTRIMWrite
Reset 0 0 0 x* x* x* x* x*

* Notes:
x = Undefined at reset.•

A value for FCTRIM is loaded during reset from a factory programmed location. x = Undefined at reset.•

MCG_C4 field descriptions

Field Description

7
DMX32

DCO Maximum Frequency with 32.768 kHz Reference

The DMX32 bit controls whether the DCO frequency range is narrowed to its maximum frequency with a
32.768 kHz reference.

Table continues on the next page...
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22.3.5 MCG Control 5 Register (MCG_C5)
Address: FFFF_81E0h base + 4h offset = FFFF_81E4h

Bit 7 6 5 4 3 2 1 0

Read 0 PLLCLKEN PLLSTEN PRDIV
Write
Reset 0 0 0 0 0 0 0 0

MCG_C5 field descriptions

Field Description

7
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

6
PLLCLKEN

PLL Clock Enable

Enables the PLL independent of PLLS and enables the PLL clock for use as MCGPLLCLK. (PRDIV
needs to be programmed to the correct divider to generate a PLL reference clock in the range of 2 - 4
MHz range prior to setting the PLLCLKEN bit). Setting PLLCLKEN will enable the external oscillator if
not already enabled. Whenever the PLL is being enabled by means of the PLLCLKEN bit, and the
external oscillator is being used as the reference clock, the OSCINIT bit should be checked to make
sure it is set.

0 MCGPLLCLK is inactive.
1 MCGPLLCLK is active.

5
PLLSTEN

PLL Stop Enable

Enables the PLL Clock during Normal Stop. In Low Power Stop mode, the PLL clock gets disabled even
if PLLSTEN =1. All other power modes, PLLSTEN bit has no affect and does not enable the PLL Clock
to run if it is written to 1.

0 MCGPLLCLK is disabled in any of the Stop modes.
1 MCGPLLCLK is enabled if system is in Normal Stop mode.

4–0
PRDIV

PLL External Reference Divider

Selects the amount to divide down the external reference clock for the PLL. The resulting frequency
must be in the range of 2 MHz to 4 MHz. After the PLL is enabled (by setting either PLLCLKEN or
PLLS), the PRDIV value must not be changed when LOCK is zero.

Table 22-7. PLL External Reference Divide Factor
PRDIV Divide

Factor
PRDIV Divide

Factor
PRDIV Divide

Factor
PRDIV Divide

Factor

00000 1 01000 9 10000 17 11000 25

00001 2 01001 10 10001 18 11001 Reserv
ed

00010 3 01010 11 10010 19 11010 Reserv
ed

00011 4 01011 12 10011 20 11011 Reserv
ed

Table continues on the next page...
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MCG_C5 field descriptions (continued)

Field Description

Table 22-7. PLL External Reference Divide Factor (continued)
00100 5 01100 13 10100 21 11100 Reserv

ed

00101 6 01101 14 10101 22 11101 Reserv
ed

00110 7 01110 15 10110 23 11110 Reserv
ed

00111 8 01111 16 10111 24 11111 Reserv
ed

22.3.6 MCG Control 6 Register (MCG_C6)
Address: FFFF_81E0h base + 5h offset = FFFF_81E5h

Bit 7 6 5 4 3 2 1 0
Read LOLIE PLLS CME VDIVWrite
Reset 0 0 0 0 0 0 0 0

MCG_C6 field descriptions

Field Description

7
LOLIE

Loss of Lock Interrrupt Enable

Determines if an interrupt request is made following a loss of lock indication. This bit only has an effect
when LOLS is set.

0 No interrupt request is generated on loss of lock.
1 Generate an interrupt request on loss of lock.

6
PLLS

PLL Select

Controls whether the PLL or FLL output is selected as the MCG source when CLKS[1:0]=00. If the PLLS
bit is cleared and PLLCLKEN is not set, the PLL is disabled in all modes. If the PLLS is set, the FLL is
disabled in all modes.

0 FLL is selected.
1 PLL is selected (PRDIV need to be programmed to the correct divider to generate a PLL reference

clock in the range of 2–4 MHz prior to setting the PLLS bit).

5
CME

Clock Monitor Enable

Determines if a reset request is made following a loss of external clock indication. The CME bit should
only be set to a logic 1 when the MCG is in an operational mode that uses the external clock (FEE, FBE,
PEE, PBE, or BLPE). Whenever the CME bit is set to a logic 1, the value of the RANGE bits in the C2
register should not be changed. CME bit should be set to a logic 0 before the MCG enters any Stop mode.
Otherwise, a reset request may occur when in Stop mode. CME should also be set to a logic 0 before
entering VLPR or VLPW power modes if the MCG is in BLPE mode.

Table continues on the next page...
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MCG_C6 field descriptions (continued)

Field Description
0 External clock monitor is disabled.
1 Generate a reset request on loss of external clock.

4–0
VDIV

VCO Divider

Selects the amount to divide the VCO output of the PLL. The VDIV bits establish the multiplication factor
(M) applied to the reference clock frequency. After the PLL is enabled (by setting either PLLCLKEN or
PLLS), the VDIV value must not be changed when LOCK is zero.

Table 22-9. PLL VCO Divide Factor
VDIV Multiply

Factor
VDIV Multiply

Factor
VDIV Multiply

Factor
VDIV Multiply

Factor

00000 24 01000 32 10000 40 11000 48

00001 25 01001 33 10001 41 11001 49

00010 26 01010 34 10010 42 11010 50

00011 27 01011 35 10011 43 11011 51

00100 28 01100 36 10100 44 11100 52

00101 29 01101 37 10101 45 11101 53

00110 30 01110 38 10110 46 11110 54

00111 31 01111 39 10111 47 11111 55

22.3.7 MCG Status Register (MCG_S)
Address: FFFF_81E0h base + 6h offset = FFFF_81E6h

Bit 7 6 5 4 3 2 1 0

Read LOLS LOCK0 PLLST IREFST CLKST OSCINIT IRCST

Write

Reset 0 0 0 1 0 0 0 0

MCG_S field descriptions

Field Description

7
LOLS

Loss of Lock Status

This bit is a sticky bit indicating the lock status for the PLL. LOLS is set if after acquiring lock, the PLL
output frequency has fallen outside the lock exit frequency tolerance, D unl . LOLIE determines whether an
interrupt request is made when LOLS is set. This bit is cleared by reset or by writing a logic 1 to it when
set. Writing a logic 0 to this bit has no effect.

0 PLL has not lost lock since LOLS was last cleared.
1 PLL has lost lock since LOLS was last cleared.

Table continues on the next page...
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22.3.8 MCG Auto Trim Control Register (MCG_ATC)
Address: FFFF_81E0h base + 8h offset = FFFF_81E8h

Bit 7 6 5 4 3 2 1 0

Read
ATME ATMS

ATMF 0

Write

Reset 0 0 0 0 0 0 0 0

MCG_ATC field descriptions

Field Description

7
ATME

Automatic Trim Machine Enable

Enables the Auto Trim Machine to start automatically trimming the selected Internal Reference Clock.

NOTE: ATME deasserts after the Auto Trim Machine has completed trimming all trim bits of the IRCS
clock selected by the ATMS bit.

Writing to C1, C3, C4, and ATC registers or entering Stop mode aborts the auto trim operation and clears
this bit.

0 Auto Trim Machine disabled.
1 Auto Trim Machine enabled.

6
ATMS

Automatic Trim Machine Select

Selects the IRCS clock for Auto Trim Test.

0 32 kHz Internal Reference Clock selected.
1 4 MHz Internal Reference Clock selected.

5
ATMF

Automatic Trim machine Fail Flag

Fail flag for the Automatic Trim Machine (ATM). This bit asserts when the Automatic Trim Machine is
enabled (ATME=1) and a write to the C1, C3, C4, and ATC registers is detected or the MCG enters into
any Stop mode. A write to ATMF clears the flag.

0 Automatic Trim Machine completed normally.
1 Automatic Trim Machine failed.

4–0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

22.3.9 MCG Auto Trim Compare Value High Register (MCG_ATCVH)
Address: FFFF_81E0h base + Ah offset = FFFF_81EAh

Bit 7 6 5 4 3 2 1 0
Read ATCVHWrite
Reset 0 0 0 0 0 0 0 0

Memory Map/Register Definition
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MCG_ATCVH field descriptions

Field Description

7–0
ATCVH

ATM Compare Value High

Values are used by Auto Trim Machine to compare and adjust Internal Reference trim values during ATM
SAR conversion.

22.3.10 MCG Auto Trim Compare Value Low Register (MCG_ATCVL)
Address: FFFF_81E0h base + Bh offset = FFFF_81EBh

Bit 7 6 5 4 3 2 1 0
Read ATCVLWrite
Reset 0 0 0 0 0 0 0 0

MCG_ATCVL field descriptions

Field Description

7–0
ATCVL

ATM Compare Value Low

Values are used by Auto Trim Machine to compare and adjust Internal Reference trim values during ATM
SAR conversion.

Functional Description

22.4.1 MCG mode state diagram
The nine states of the MCG are shown in the following figure and are described in Table
22-14. The arrows indicate the permitted MCG mode transitions.

22.4
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Chapter 23
Oscillator (OSC)

23.1 Introduction
The OSC module is a crystal oscillator. The module, in conjunction with an external
crystal or resonator, generates a reference clock for the MCU.

23.2 Features and Modes
Key features of the module are:

• Supports 32 kHz crystals (Low Range mode)

• Supports 1–8 MHz, crystals and resonators (High Range mode)

• Automatic Gain Control (AGC) to optimize power consumption in high frequency
ranges 1–8 MHz, using low-power mode

• High gain option in frequency ranges: 32 kHz, 1–8 MHz,

• Voltage and frequency filtering to guarantee clock frequency and stability

• Optionally external input bypass clock from EXTAL signal directly

• One clock for MCU clock system

• Two clocks for on-chip peripherals that can work in Stop modes

Functional Description describes the module's operation in more detail.
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OSC Memory Map/Register Definition
OSC memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_8100 OSC Control Register (OSC1_CR) 8 R/W 00h 23.71.1/424

FFFF_8110 OSC Control Register (OSC2_CR) 8 R/W 00h 23.71.1/424

23.71.1 OSC Control Register (OSCx_CR)

NOTE
After OSC is enabled and starts generating the clocks, the
configurations such as low power and frequency range, must
not be changed.

Address: Base address + 0h offset

Bit 7 6 5 4 3 2 1 0

Read ERCLKEN 0 EREFSTEN 0 SC2P SC4P SC8P SC16P
Write
Reset 0 0 0 0 0 0 0 0

OSCx_CR field descriptions

Field Description

7
ERCLKEN

External Reference Enable

Enables external reference clock (OSCERCLK).

0 External reference clock is inactive.
1 External reference clock is enabled.

6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5
EREFSTEN

External Reference Stop Enable

Controls whether or not the external reference clock (OSCERCLK) remains enabled when MCU enters
Stop mode.

0 External reference clock is disabled in Stop mode.
1 External reference clock stays enabled in Stop mode if ERCLKEN is set before entering Stop mode.

4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

3
SC2P

Oscillator 2 pF Capacitor Load Configure

Table continues on the next page...

23.7.1
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Chapter 24
Real Time Clock (RTC)

24.1 Introduction
This block is a low power module that provides time keeping and calendaring functions.

24.1.1 Features
This block supports the following features:

• Designed for low power

• Time and Date counters are rippled with respect to each other to prevent
simultaneous toggling

• Basic Clock functions

• Separate counters for Days, Hour, Minutes and Seconds

• Calendaring support – Separate counters for Months, Year and Day of the Week

• Automatic adjustment for Day Light Saving with user defined parameters

• Automatic month and leap year adjustment

• External clock support to run the counters in the case user wishes to provide
externally compensated 1Hz clock.

• RTC utilizes 'local time' which implicitly contains the time zone offset

• Programmable alarm with interrupt. Alarm is output from RTC in case MCU wants
to use it as a wake up event

• 8 periodic interrupts (Sampling Timer Interrupts)

• 16-bit CPU register programming interface
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24.2 Signal Description
This section lists all pad inputs to the RTC block.

24.2.1 EXTAL32K, XTAL32K
These pins serve as the connection pins to the external 32.768 kHz crystal.

Memory Map and Registers

The address of a register is the sum of a base address and an address offset. The base
address is defined at the chip level. The address offset is defined at the module level.

NOTE
Initially, a 32 kHz clock is needed to initialize the RTC. This
clock can later be gated while programming the RTC registers.

NOTE
For the General Purpose Data Register
(RTC_GP_DATA_REG), the use of the fields is specific to the
MCU. See the Chip Configuration chapter for a description of
this register. Software reset has no effect on the contents of this
register.

RTC memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_8840 RTC Year and Month Counters Register (RTC_YEARMON) 16 R/W 0001h 24.3.1/434

FFFF_8842 RTC Days and Day-of-Week Counters Register
(RTC_DAYS) 16 R/W 0001h 24.3.2/435

FFFF_8844 RTC Hours and Minutes Counters Register
(RTC_HOURMIN) 16 R/W 0000h 24.3.3/436

FFFF_8846 RTC Seconds Counters Register (RTC_SECONDS) 16 R/W 0000h 24.3.4/437

FFFF_8848 RTC Year and Months Alarm Register
(RTC_ALM_YEARMON) 16 R/W 0000h 24.3.5/438

FFFF_884A RTC Days Alarm Register (RTC_ALM_DAYS) 16 R/W 0000h 24.3.6/438

Table continues on the next page...

24.3
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Address: FFFF_8840h base + 0h offset = FFFF_8840h

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

Read YROFST 0 MON_CNT
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

RTC_YEARMON field descriptions

Field Description

15–8
YROFST

Year Offset Count Value

These bits indicate the offset in years from the base year (hard coded as 2112) and do not show the
actual year value. This is a signed value.

Valid values are –128 to 127.

With the Base Year as 2112 and if the value of YEAR field is 0x10, the actual year will be 2112 + 16 =
2128.

7–4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

3–0
MON_CNT

These bits give the value of the Months Counter .

Valid Values are:

0 Illegal Value
1 January
2 February
3 March
4 April
5 May
6 June
7 July
8 August
9 September
10 October
11 November
12 December
13 Illegal Value
14 Illegal Value
15 Illegal Value

24.3.2 RTC Days and Day-of-Week Counters Register (RTC_DAYS)

This read/write register shows the current value of the day-of-week counter and days
counter. Reading this register returns the latest value of the counter s . Writing to this
register loads the value to the day-of-week and days counters and the counters continue to
count from this new value. The day-of-week is not calculated automatically and should
be written by CPU. This register is unaffected by software reset.
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User software should first determine the state of the INVAL bit in the STATUS (bit 0) to
determine that the counters are stable before their value can be read or changed. The
assertion of INVAL bit ensures that no operation is done at the boundary of a second
when counters change value.

Address: FFFF_8840h base + 2h offset = FFFF_8842h

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

Read 0 DOW 0 DAY_CNT
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

RTC_DAYS field descriptions

Field Description

15–11
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

10–8
DOW

Day of Week Counter Value.

0 Sunday
1 Monday
2 Tuesday
3 Wednesday
4 Thrusday
5 Friday
6 Saturday
7 Reserved

7–5
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

4–0
DAY_CNT

Days Counter Value.

Valid values are ‘1’ to ‘31’.

24.3.3 RTC Hours and Minutes Counters Register (RTC_HOURMIN)

This register is used to program the hours and minutes counter. It can be read anytime to
get the current value of the counters. Only power-on reset can reset this register. Hours
counter can be set anything between 0 and 23. Minutes counter can be set anything
between 0 and 59. This register is unaffected by software reset.

User software should first determine the state of the INVAL bit in the STATUS (bit 0) to
determine that the counters are stable before their value can be read or changed. The
assertion of INVAL bit ensures that no operation is done at the boundary of a second
when counters change value.

Memory Map and Registers

MCF51JG256 Reference Manual, Rev. 1, 01/2013

436 Freescale Semiconductor, Inc.



Address: FFFF_8840h base + 4h offset = FFFF_8844h

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

Read 0 HOUR_CNT 0 MIN_CNT
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RTC_HOURMIN field descriptions

Field Description

15–13
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

12–8
HOUR_CNT

Hours Counter Value.

Valid count values are 0 to 23.

7–6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5–0
MIN_CNT

Minutes Counter Value.

Valid count values are 0 to 59.

24.3.4 RTC Seconds Counters Register (RTC_SECONDS)

This register is used to program the seconds counter. It can be read anytime to get the
current value of the counter. Only power-on reset can reset this register. Seconds counter
can be set anything between 0 and 59 both included. This register is unaffected by
software reset.

User software should first determine the state of the INVAL bit in the STATUS (bit 0) to
determine that the counters are stable before their value can be read or changed. The
assertion of INVAL bit ensures that no operation is done at the boundary of a second
when counters change value.

Address: FFFF_8840h base + 6h offset = FFFF_8846h

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

Read 0 0 SEC_CNT
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RTC_SECONDS field descriptions

Field Description

15–8
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

7–6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5–0
SEC_CNT

Seconds Counter Value.

Valid count values are 0 to 59.
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24.3.5 RTC Year and Months Alarm Register (RTC_ALM_YEARMON)

This register is used to configure the months and year setting of the alarm. The alarm
setting can be read or written anytime. This register is reset to its default state on software
reset. Alarm interrupt bit is set when all values of alarm seconds, minutes, hours, days,
month, and year match their respective counter values.

User software can configure the type of alarm using the ALM_TYPE bits in the CTRL
register.

Address: FFFF_8840h base + 8h offset = FFFF_8848h

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

Read ALM_YEAR 0 ALM_MON
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RTC_ALM_YEARMON field descriptions

Field Description

15–8
ALM_YEAR

Year Value for Alarm.

Same as Years Offset Value in RTC Year and Month Counters Register (RTC_YEARMON) .

7–4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

3–0
ALM_MON

Months Value for Alarm.

Same as Months Counter Value in RTC Year and Month Counters Register (RTC_YEARMON) .

24.3.6 RTC Days Alarm Register (RTC_ALM_DAYS)

The days alarm register is used to configure the day setting of the alarm. The alarm
setting can be read or written anytime. This register is reset to its default state on software
reset. Alarm interrupt bit is set when all values of alarm seconds, minutes, hours, days,
month and year match their respective counter values.

User software can configure the type of alarm using the ALM_TYPE bits in the CTRL
register.

Address: FFFF_8840h base + Ah offset = FFFF_884Ah

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

Read 0 0 ALM_DAY
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Memory Map and Registers
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RTC_ALM_DAYS field descriptions

Field Description

15–8
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

7–5
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

4–0
ALM_DAY

Days Value for Alarm.

Same as Days Counter Value in RTC Days and Day-of-Week Counters Register (RTC_DAYS) .

24.3.7 RTC Hours and Minutes Alarm Register (RTC_ALM_HOURMIN)

The hours and minutes alarm register is used to configure the hour and minute setting of
the alarm. The alarm setting can be read or written anytime. This register is reset to
default state on software reset.

User software can configure the type of alarm using the ALM_TYPE bits in the CTRL
register.

Address: FFFF_8840h base + Ch offset = FFFF_884Ch

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

Read 0 ALM_HOUR 0 ALM_MIN
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RTC_ALM_HOURMIN field descriptions

Field Description

15–13
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

12–8
ALM_HOUR

Hours Value for Alarm.

Same as Hours Counter Value in RTC Hours and Minutes Counters Register (RTC_HOURMIN) .

7–6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5–0
ALM_MIN

Minutes Value for Alarm.

Same as Minutes Counter Value in RTC Hours and Minutes Counters Register (RTC_HOURMIN) .

24.3.8 RTC Seconds Alarm Register (RTC_ALM_SECONDS)

The seconds alarm register is used to configure the seconds setting of the alarm. The
alarm setting can be read or written anytime. This register is reset to default value on
software reset.
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Bits 9:8 provide option to the user software to perform correction on seconds counter to
compensate for the leap seconds. Write to these bits adds or subtracts 1 from the seconds
counter and read returns zeros.

User software should first determine the state of the INVAL bit in the STATUS (bit 0) to
determine that the counters are stable before they can be incremented or decremented.
The assertion of INVAL bit ensures that no operation is done at the boundary of a second
when counters change value.

User software can configure the type of alarm using the ALM_TYPE bits in the CTRL
register.

Address: FFFF_8840h base + Eh offset = FFFF_884Eh

Bit 15 14 13 12 11 10 9 8

Read 0 0 0

Write INC_SEC DEC_SEC

Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

Read 0
ALM_SEC

Write

Reset 0 0 0 0 0 0 0 0

RTC_ALM_SECONDS field descriptions

Field Description

15–10
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

9
INC_SEC

Increment Seconds Counter by 1.

This bit controls the increment of seconds counter incase the software wants to make corrections to the
seconds counter to compensate for the leap seconds or to perform fine trimming of time when needed.
Write to this bit increments the seconds counter and then the bit gets cleared on next posedge.

8
DEC_SEC

Decrement Seconds Counter by 1.

This bit controls the decrement of seconds counter incase the software wants to make corrections to the
seconds counter to compensate for the leap seconds or to perform fine trimming of time when needed.
Write to this bit has decrements the seconds counter and then the bit gets cleared on next posedge of bus
clock.

7–6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5–0
ALM_SEC

Seconds Value for Alarm. Same as Seconds Counter Value in RTC Seconds Counters Register
(RTC_SECONDS) .
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24.3.9 RTC Control Register (RTC_CTRL)

This is the control register and governs all operations being done inside the RTC. This
register is used to specify the software reset, daylight controls and the type of alarm
function needed.

Address: FFFF_8840h base + 10h offset = FFFF_8850h

Bit 15 14 13 12 11 10 9 8

Read
RTC_EN

0 0 0

Write SWR

Reset 1 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

Read 0
DST_EN EXTRN_

CLK_EN
TIMER_

STB_MASK ALM_MATCH
0

Write

Reset 0 0 0 0 0 0 0 0

RTC_CTRL field descriptions

Field Description

15
RTC_EN

RTC Enable bit.

This bit is enabled on reset. Can be used to freeze RTC when desired by software.

0 RTC is disabled.
1 RTC is enabled.

14–13
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

12–9
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

8
SWR

Software Reset bit.

Self clearing bit. Asserting this bit clears the contents of alarm, interrupt (status and enable ) registers and
has no effect on DST, calendaring, time registers.

0 Software Reset cleared.
1 Software Reset asserted.

7
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

6
DST_EN

Daylight Saving Enable.

The date and time for daylight saving changes are stored in the Daylight Saving Registers. These
registers can be changed when this bit is 0. Once this bit is set, those registers cannot be changed and
when time and date match the values in those registers, daylight adjustment will happen. To disable
Daylight Saving function, this bit should be set to 0.

Table continues on the next page...
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RTC_CTRL field descriptions (continued)

Field Description
0 Disabled. Daylight saving changes are not applied. Daylight saving registers can be modified.
1 Enabled. Daylight saving changes are applied.

5
EXTRN_CLK_EN

External 1Hz clock enable signal

The bitfleid enables/disables the external clock enable signal. 1'b1:- External 1Hz clock is enabled for the
calendaring and counters clock. 1'b0:- External 1Hz clock is disabled for the calendaring and counters
clock.

4
TIMER_STB_

MASK

Sampling timer clocks mask

1'b0:- Sampling clocks are not gated when in standby mode 1'b1:- Sampling clocks are gated in standby
mode

3–2
ALM_MATCH

Alarm Match bits.

These bits define the type of alarm function. These bits select which time and calendar counters will be
used for matching and generate an alarm.

00 Only Seconds, Minutes, and Hours matched.
01 Only Seconds, Minutes, Hours, and Days matched.
10 Only Seconds, Minutes, Hours, Days, and Months matched.
3 Only Seconds, Minutes, Hours, Days, Months, and Year (offset) matched.

1–0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

24.3.10 RTC Status Register (RTC_STATUS)

This register indicates the status of various processes going inside the RTC. This register
also helps the user software to read time or date register when their values are stable and
not changing. Bus Error bit get cleared by writing ‘1’ to them. Software Reset resets the
whole register to its default state.

Address: FFFF_8840h base + 12h offset = FFFF_8852h

Bit 15 14 13 12 11 10 9 8

Read 0 0 0 0 BUS_ERR

Write w1c

Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

Read 0 0 0 0 0 INVAL_BIT

Write

Reset 0 0 0 0 0 0 0 0
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This register indicates the status of the various real-time clock interrupts. When an event
of the types included in this register occurs then the bit will be set in this register
regardless of its corresponding interrupt enable bit being set. The status bits are cleared
by writing a value of 1, which also clears the interrupt. Interrupts may occur while the
system clock is idle or in standby mode. When the system enters the active power mode,
interrupt will be indicated to the CPU. The first event of the Sampling Timer interrupts
after Power-on-Reset should not be used to qualify any periodic interval. However, the
correct periodic interval (that is 512 Hz or 256 Hz, and so on) should be determined using
two sampling timer interrupts. The time between two interrupt would always be the
correct time period.

The status register is also cleared on software reset .

NOTE
Sampling interrupts from 512 Hz to 2 Hz are generated using
uncompensated clock. Only 1 Hz is compensated.

Address: FFFF_8840h base + 14h offset = FFFF_8854h

Bit 15 14 13 12 11 10 9 8

Read IS_512HZ IS_256HZ IS_128HZ IS_64HZ IS_32HZ IS_16HZ IS_8HZ IS_4HZ

Write w1c w1c w1c w1c w1c w1c w1c w1c

Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

Read IS_2HZ IS_1HZ MIN_IS HOUR_IS DAY_IS ALM_IS 0 0

Write w1c w1c w1c w1c w1c w1c

Reset 0 0 0 0 0 0 0 0

RTC_ISR field descriptions

Field Description

15
IS_512HZ

512 Hz Interval Interrupt Status bit.

0 Interrupt is de-asserted.
1 Interrupt is asserted.

14
IS_256HZ

256 Hz Interval Interrupt Status bit.

0 Interrupt is de-asserted.
1 Interrupt is asserted.

13
IS_128HZ

128 Hz Interval Interrupt Status bit.

0 Interrupt is de-asserted.
1 Interrupt is asserted.

12
IS_64HZ

64 Hz Interval Interrupt Status bit.

Table continues on the next page...
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RTC_ISR field descriptions (continued)

Field Description

1
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

24.3.12 RTC Interrupt Enable Register (RTC_IER)

For the sampling timer interrupt enable bits [14:6], refer to chip configuration chapter for
the applicable sampling timer frequencies.

The real-time clock interrupt enable register (IER) is used to enable/disable the various
real-time clock interrupts. De-asserting an interrupt enable bit has no effect on the
assertion of its corresponding status bit.

Alarm interrupt is asserted on counters matching the alarm setting done in the memory
map. The counters matched for the alarm interrupt are selected based on the Alarm Type
set in CTRL[3:2] bits. The various types of alarm available are as per the following table.
Only one alarm type can be used at a time.

Table 24-14. Alarm Match Table

ALM_MATCH[1:0] (CTRL[3:2]) Counters Matched Alarm Type

00 Seconds, Minutes, and Hours Daily

01 Seconds, Minutes, Hours, and Days Monthly

10 Seconds, Minutes, Hours, Days, and
Months

Yearly

11 Seconds, Minutes, Hours, Days, Months,
and Year

One Time

A common interrupt is generated by the block. The user software should read the status
register in the interrupt service routine to determine which interrupt has occurred.

Address: FFFF_8840h base + 16h offset = FFFF_8856h

Bit 15 14 13 12 11 10 9 8
Read IE_512Hz IE_256Hz IE_128Hz IE_64Hz IE_32Hz IE_16Hz IE_8Hz IE_4HzWrite
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

Read IE_2Hz IE_1Hz MIN_IE HOUR_IE DAY_IE ALM_IE 0 0
Write
Reset 0 0 0 0 0 0 0 0
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RTC_IER field descriptions (continued)

Field Description

4
HOUR_IE

Hours Interrupt Enable bit.

0 Interrupt is disabled.
1 Interrupt is enabled.

3
DAY_IE

Days Interrupt Enable bit.

0 Interrupt is disabled.
1 Interrupt is enabled.

2
ALM_IE

Alarm Interrupt Enable bit.

This bit indicates that the alarm value programmed matches the counter values.

0 Interrupt is disabled.
1 Interrupt is enabled.

1
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

24.3.13 RTC Daylight Saving Hour Register (RTC_DST_HOUR)

This register stores the time in hours when the Daylight Saving has to be applied or
reversed. This register is programmable when the DST_EN bit in CTRL register is
‘Zero’. When DST_EN bit is set, the contents of this register cannot be changed. The user
software should program the correct hour value (0 – 23) as per the regional settings. For
example, if the Daylight Saving starts at 2:00 AM on March 25 and ends at 2:00 AM on
October 28 in 2007 then the time at which the RTC advances or falls back is actually
1:59 AM. Hence the user software should program 1 for the hour count value (and not 2!)
i.e. write 0x0101 in this register. 59 minute count is automatically checked inside RTC
and hence not required to be programmed. This register has no effect on software reset.

Address: FFFF_8840h base + 22h offset = FFFF_8862h

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

Read 0 DST_START_HOUR 0 DST_END_HOUR
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Memory Map and Registers

MCF51JG256 Reference Manual, Rev. 1, 01/2013

448 Freescale Semiconductor, Inc.



RTC_DST_HOUR field descriptions

Field Description

15–13
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

12–8
DST_START_

HOUR

Daylight Saving Time (DST) Hours Start Value.

This is the hour value for the time when DST comes into effect. Same as Hours Counter Value in the RTC
Hours and Minutes Counters Register (RTC_HOURMIN) .

7–5
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

4–0
DST_END_

HOUR

Daylight Saving Time (DST) Hours End Value.

This is the hour value for the time when DST is reversed. Same as Hours Counter Value in the RTC Hours
and Minutes Counters Register (RTC_HOURMIN) .

24.3.14 RTC Daylight Saving Month Register (RTC_DST_MONTH)

This register stores the month when the Daylight Saving has to be applied or reversed.
This register is programmable when the DST_EN bit in CTRL register is Zero. When
DST_EN bit is set, the contents of this register cannot be changed. The CPU should
program the correct month value (1 – 12) as per the regional settings. For example, if the
Daylight Saving starts at March 25 and ends at October 28 in 2007. Hence the CPU
should write 0x030A in this register. This register has no effect on software reset.

Address: FFFF_8840h base + 24h offset = FFFF_8864h

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

Read 0 DST_START_MONTH 0 DST_END_MONTH
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RTC_DST_MONTH field descriptions

Field Description

15–12
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

11–8
DST_START_

MONTH

Daylight Saving Time (DST) Month Start Value.

This is the month value for the time when DST comes in to effect. See the RTC Year and Month Counters
Register (RTC_YEARMON) .

7–4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

3–0
DST_END_

MONTH

Daylight Saving Time (DST) Month End Value.

This is the month value for the time when DST is reversed. See the RTC Year and Month Counters
Register (RTC_YEARMON) .
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24.3.15 RTC Daylight Saving Day Register (RTC_DST_DAY)

This register stores the day when the Daylight Saving has to be applied or reversed. This
register is programmable when the DST_EN bit in CTRL register is Zero. When
DST_EN bit is set, the contents of this register cannot be changed. The CPU should
program the correct day value (1 – 31) as per the regional settings. For example, if the
Daylight Saving starts at March 25 and ends at October 28 in 2007. Hence the CPU
should write 0x191C in this register. This register is unaffected by software reset.

Address: FFFF_8840h base + 26h offset = FFFF_8866h

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

Read 0 DST_START_DAY 0 DST_END_DAY
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RTC_DST_DAY field descriptions

Field Description

15–13
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

12–8
DST_START_

DAY

Daylight Saving Time (DST) Day Start Value.

This is the day value for the time when DST comes into effect.

7–5
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

4–0
DST_END_DAY

Daylight Saving Time (DST) Day End Value.

This is the day value for the time when DST is reversed.

24.3.16 RTC Prescaler Register (RTC_PRESCALER)

When the Compensation Block is not used, hence in these modes, the Prescaler Block
generates the 1 Hz clock. Since this register controls the generation of 1 Hz clock and
also provides a coarse compensation, hence the address offset value of this register is
same as that of the RTC Compensation Register. The value programmed in this register
can be modified by CPU in the event of change in oscillator clock frequency to perform
some limited compensation.

Details on using this register can be found in RTC Prescaler.
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Address: FFFF_8840h base + 28h offset = FFFF_8868h

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

RTC_PRESCALER field descriptions

Field Description

15–8
PRSCVAL_H

RTC Prescaler Count (Higher Byte) Value

This value is used to compare against the value of the 1 Hz generation prescaler counter to generate 1 Hz
clock. This register is used to store the Frequency of the 32.768 kHz in Hz and thus we can take care of
any variation in frequency that might occur and have a near accurate 1 Hz clock.

7–0
PRSCVAL_L

RTC Prescaler Count (Lower Byte) Value

This value is used to compare against the value of the 1 Hz generation prescaler counter to generate 1 Hz
clock. This register is used to store the Frequency of the 32.768 kHz in Hz and thus we can take care of
any variation in frequency that might occur and have a near accurate 1 Hz clock.

Functional Description

24.4.1 Time and Calendaring Functions
RTC performs and controls all chronological functions as mentioned below:

• Implements all counters for date and time and their related control logic

• Leap Year calculation and adjusting the day count accordingly

• Increment/Decrement of counters for adjustment of leap seconds

• Tracking the number of days in a month

• Automatic Daylight adjustment for time

• Alarm generation with selectable matching of different counters

Dynamic modifications to the date counters are done based on a) Leap Year b) Month
and c) Daylight Saving. Additionally, the user software can add or subtract a second to
take care of Leap Seconds Adjustment. All changes are hardware controlled and triggered
by software. A leap year is defined as a year in which the year value is divisible by 4 and
400 and will have an extra day in February. Daylight savings are done in different regions
of the world to shift the local time according to summer or winters. Time is shifted at a
pre-defined time decided by the regional conditions and programmed by the user
software into the RTC and RTC automatically adjusts the time using hardware alarms for
daylight saving. Day counter is also adjusted for months having 28/29/30/31 days.

24.4
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Compensation using the Prescaler Block

24.4.2.1.1 Overview

The value of PRESCALER register represents the number of ticks of the input 32.768
kHz clock to RTC that represent a 1 Hz clock. When the board is able to provide an exact
32.768 kHz clock the number of ticks needed to create an accurate 1 Hz clock is 32768.
This is also the reset value of this register.

However due to inherent error in the crystal used on board the clock reaching the design
may not be accurately 32.768 kHz. Such variations lead to an inaccurate clock counted by
RTC.

If the user is able to determine the exact frequency from crystal then it is easy to
determine the value of the PRESCALER register. This is done as follows:

For example,

Actual crystal frequency 32767 Hz => PRESCALER = 32767

Actual crystal frequency 32768.8 Hz => PRESCALER = 32769 (rounded off)

User can program the closest absolute value to the value of crystal frequency in Hz. RTC
cannot compensate less than 1 Hz error in crystal frequency in Basic & Standard Feature
Sets.

24.4.2.1.2 Error Detection & Correction

If the user is seeing a deviation of the seconds counted by the RTC vs. the actual seconds
counted then the user can determine the compensated value (i.e. value for the
PRESCALER register) as follows; assuming the deviation is seen with
PRESCALER=32768 (Reset value).

For example,

Expected seconds counted (From accurate clock source): 86400

Actual seconds counted (From RTC seconds register): 86397

Since PRESCALER=32768, it means only 32768*86397 pulses of the current supplied
clock represent real 86400 seconds.

With ideal clock frequency = 32768 Hz, Current clock frequency = 32768*86397/86400
Hz = 32766.86 Hz

24.4.2.1
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Chapter 25
Flash Memory Controller (FMC)

25.1 Introduction

The Flash Memory Controller (FMC) is a memory acceleration unit that provides:
• an interface between the chip and the 32-bit program flash memory and FlexMemory

(FlexNVM and FlexRAM used as EEPROM).
• a buffer and a cache that can accelerate program flash memory data transfers.

25.1.1 Overview
The Flash Memory Controller manages the interface between the chip and the 32-bit
program flash memory and FlexMemory (FlexNVM as well as FlexRAM used as
EEPROM). The FMC receives status information detailing the configuration of the flash
memory and FlexMemory and uses this information to ensure a proper interface. The
FMC supports 8-bit, 16-bit, and 32-bit read operations from the program flash memory
and FlexNVM used as data flash memory. A write operation to program flash or
FlexNVM used as data flash memory results in a bus error. The FMC interface to
FlexNVM and FlexRAM when they are used as EEPROM allows both read and write 8-
bit, 16-bit, and 32-bit operations.

In addition, for program flash memory, the FMC provides two separate mechanisms for
accelerating the interface between the device and the flash. A 32-bit speculation buffer
can prefetch the next 32-bit flash memory location, and a 4-way, 4-set program flash
memory cache can store previously accessed program flash memory data for quick access
times.

25.1.2 Features
The FMC's features include:
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Chapter 26
Flash Memory Module (FTFL)

26.1 Introduction
The flash memory module includes the following accessible memory regions:

• Program flash memory for vector space and code store
• FlexNVM for data store and additional code store
• FlexRAM for high-endurance data store or traditional RAM

Flash memory is ideal for single-supply applications, permitting in-the-field erase and
reprogramming operations without the need for any external high voltage power sources.

The flash memory module includes a memory controller that executes commands to
modify flash memory contents. An erased bit reads '1' and a programmed bit reads '0'.
The programming operation is unidirectional; it can only move bits from the '1' state
(erased) to the '0' state (programmed). Only the erase operation restores bits from '0' to
'1'; bits cannot be programmed from a '0' to a '1'.

CAUTION

A flash memory location must be in the erased state before
being programmed. Cumulative programming of bits (back-to-
back program operations without an intervening erase) within a
flash memory location is not allowed. Re-programming of
existing 0s to 0 is not allowed as this overstresses the device.

The standard shipping condition for flash memory is erased
with security disabled. Data loss over time may occur due to
degradation of the erased ('1') states and/or programmed ('0')
states. Therefore, it is recommended that each flash block or
sector be re-erased immediately prior to factory programming
to ensure that the full data retention capability is achieved.
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writes are also disabled (except for registers FCNFG and
FSTAT) whenever an erase suspend request is active
(FCNFG[ERSSUSP]=1).

FTFL memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_8380 Flash Option Register (FTFL_FOPT) 8 R Undefined 26.34.1/470

FFFF_8381 Flash Security Register (FTFL_FSEC) 8 R Undefined 26.34.2/470

FFFF_8382 Flash Configuration Register (FTFL_FCNFG) 8 R/W See section 26.34.3/472

FFFF_8383 Flash Status Register (FTFL_FSTAT) 8 R/W 00h 26.34.4/474

FFFF_8384 Flash Common Command Object Registers
(FTFL_FCCOB0) 8 R/W 00h 26.34.5/475

FFFF_8385 Flash Common Command Object Registers
(FTFL_FCCOB1) 8 R/W 00h 26.34.5/475

FFFF_8386 Flash Common Command Object Registers
(FTFL_FCCOB2) 8 R/W 00h 26.34.5/475

FFFF_8387 Flash Common Command Object Registers
(FTFL_FCCOB3) 8 R/W 00h 26.34.5/475

FFFF_8388 Flash Common Command Object Registers
(FTFL_FCCOB4) 8 R/W 00h 26.34.5/475

FFFF_8389 Flash Common Command Object Registers
(FTFL_FCCOB5) 8 R/W 00h 26.34.5/475

FFFF_838A Flash Common Command Object Registers
(FTFL_FCCOB6) 8 R/W 00h 26.34.5/475

FFFF_838B Flash Common Command Object Registers
(FTFL_FCCOB7) 8 R/W 00h 26.34.5/475

FFFF_838C Flash Common Command Object Registers
(FTFL_FCCOB8) 8 R/W 00h 26.34.5/475

FFFF_838D Flash Common Command Object Registers
(FTFL_FCCOB9) 8 R/W 00h 26.34.5/475

FFFF_838E Flash Common Command Object Registers
(FTFL_FCCOBA) 8 R/W 00h 26.34.5/475

FFFF_838F Flash Common Command Object Registers
(FTFL_FCCOBB) 8 R/W 00h 26.34.5/475

FFFF_8390 Program Flash Protection Registers (FTFL_FPROT0) 8 R/W Undefined 26.34.6/476

FFFF_8391 Program Flash Protection Registers (FTFL_FPROT1) 8 R/W Undefined 26.34.6/476

FFFF_8392 Program Flash Protection Registers (FTFL_FPROT2) 8 R/W Undefined 26.34.6/476

FFFF_8393 Program Flash Protection Registers (FTFL_FPROT3) 8 R/W Undefined 26.34.6/476

FFFF_8394 Data Flash Protection Register (FTFL_FDPROT) 8 R/W Undefined 26.34.7/478

FFFF_8395 EEPROM Protection Register (FTFL_FEPROT) 8 R/W Undefined 26.34.8/479
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26.34.1 Flash Option Register (FTFL_FOPT)
The flash option register allows the MCU to customize its operations by examining the
state of these read-only bits, which are loaded from NVM at reset. The function of the
bits is defined in the device's Chip Configuration details.

All bits in the register are read-only .

During the reset sequence, the register is loaded from the flash nonvolatile option byte in
the Flash Configuration Field located in program flash memory. The flash basis for the
values is signified by X in the reset value.

Address: FFFF_8380h base + 0h offset = FFFF_8380h

Bit 7 6 5 4 3 2 1 0

Read OPT

Write

Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

FTFL_FOPT field descriptions

Field Description

7–0
OPT

Nonvolatile Option

These bits are loaded from flash to this register at reset. Refer to the device's Chip Configuration details
for the definition and use of these bits.

26.34.2 Flash Security Register (FTFL_FSEC)
This read-only register holds all bits associated with the security of the MCU and flash
memory module.

During the reset sequence, the register is loaded with the contents of the flash security
byte in the Flash Configuration Field located in program flash memory. The flash basis
for the values is signified by X in the reset value.

Address: FFFF_8380h base + 1h offset = FFFF_8381h

Bit 7 6 5 4 3 2 1 0

Read KEYEN MEEN FSLACC SEC

Write

Reset x* x* x* x* x* x* x* x*
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* Notes:
x = Undefined at reset.•

FTFL_FSEC field descriptions

Field Description

7–6
KEYEN

Backdoor Key Security Enable

These bits enable and disable backdoor key access to the flash memory module.

00 Backdoor key access disabled
01 Backdoor key access disabled (preferred KEYEN state to disable backdoor key access)
10 Backdoor key access enabled
11 Backdoor key access disabled

5–4
MEEN

Mass Erase Enable Bits

Enables and disables mass erase capability of the flash memory module. The state of the MEEN bits is
only relevant when the SEC bits are set to secure outside of NVM Normal Mode. When the SEC field is
set to unsecure, the MEEN setting does not matter.

00 Mass erase is enabled
01 Mass erase is enabled
10 Mass erase is disabled
11 Mass erase is enabled

3–2
FSLACC

Freescale Failure Analysis Access Code

These bits enable or disable access to the flash memory contents during returned part failure analysis at
Freescale. When SEC is secure and FSLACC is denied, access to the program flash contents is denied
and any failure analysis performed by Freescale factory test must begin with a full erase to unsecure the
part.

When access is granted (SEC is unsecure, or SEC is secure and FSLACC is granted), Freescale factory
testing has visibility of the current flash contents. The state of the FSLACC bits is only relevant when the
SEC bits are set to secure. When the SEC field is set to unsecure, the FSLACC setting does not matter.

00 Freescale factory access granted
01 Freescale factory access denied
10 Freescale factory access denied
11 Freescale factory access granted

1–0
SEC

Flash Security

These bits define the security state of the MCU. In the secure state, the MCU limits access to flash
memory module resources. The limitations are defined per device and are detailed in the Chip
Configuration details. If the flash memory module is unsecured using backdoor key access, the SEC bits
are forced to 10b.

00 MCU security status is secure
01 MCU security status is secure
10 MCU security status is unsecure (The standard shipping condition of the flash memory module is

unsecure.)
11 MCU security status is secure
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26.34.3 Flash Configuration Register (FTFL_FCNFG)
This register provides information on the current functional state of the flash memory
module.

The erase control bits (ERSAREQ and ERSSUSP) have write restrictions.
SWAP,PFLSH, RAMRDY, and EEERDY are read-only status bits . The unassigned bits
read as noted and are not writable. The reset values for the SWAP, PFLASH,
RAMRDY , and EEERDY bits are determined during the reset sequence.

Address: FFFF_8380h base + 2h offset = FFFF_8382h

Bit 7 6 5 4 3 2 1 0

Read
CCIE RDCOLLIE

ERSAREQ
ERSSUSP

SWAP PFLSH RAMRDY EEERDY

Write

Reset 0 0 0 0 * * * *

* Notes:
SWAP field: Device specific value•
PFLSH field: Device specific value•
RAMRDY field: Device specific value•
EEERDY field: Device specific value•

FTFL_FCNFG field descriptions

Field Description

7
CCIE

Command Complete Interrupt Enable

The CCIE bit controls interrupt generation when a flash command completes.

0 Command complete interrupt disabled
1 Command complete interrupt enabled. An interrupt request is generated whenever the FSTAT[CCIF]

flag is set.

6
RDCOLLIE

Read Collision Error Interrupt Enable

The RDCOLLIE bit controls interrupt generation when a flash memory read collision error occurs.

0 Read collision error interrupt disabled
1 Read collision error interrupt enabled. An interrupt request is generated whenever a flash memory

read collision error is detected (see the description of FSTAT[RDCOLERR]).

5
ERSAREQ

Erase All Request

This bit issues a request to the memory controller to execute the Erase All Blocks command and release
security. ERSAREQ is not directly writable but is under indirect user control. Refer to the device's Chip
Configuration details on how to request this command.

The ERSAREQ bit sets when an erase all request is triggered external to the flash memory module and
CCIF is set (no command is currently being executed). ERSAREQ is cleared by the flash memory module
when the operation completes.

Table continues on the next page...
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26.34.4 Flash Status Register (FTFL_FSTAT)
The FSTAT register reports the operational status of the flash memory module.

The CCIF, RDCOLERR, ACCERR, and FPVIOL bits are readable and writable. The
MGSTAT0 bit is read only. The unassigned bits read 0 and are not writable.

NOTE
When set, the Access Error (ACCERR) and Flash Protection
Violation (FPVIOL) bits in this register prevent the launch of
any more commands or writes to the FlexRAM (when
EEERDY is set) until the flag is cleared (by writing a one to it).

Address: FFFF_8380h base + 3h offset = FFFF_8383h

Bit 7 6 5 4 3 2 1 0

Read CCIF RDCOLERR ACCERR FPVIOL 0 MGSTAT0

Write w1c w1c w1c w1c

Reset 0 0 0 0 0 0 0 0

FTFL_FSTAT field descriptions

Field Description

7
CCIF

Command Complete Interrupt Flag

The CCIF flag indicates that a flash command or EEPROM file system operation has completed. The
CCIF flag is cleared by writing a 1 to CCIF to launch a command, and CCIF stays low until command
completion or command violation. The CCIF flag is also cleared by a successful write to FlexRAM while
enabled for EEE, and CCIF stays low until the EEPROM file system has created the associated EEPROM
data record.

The CCIF bit is reset to 0 but is set to 1 by the memory controller at the end of the reset initialization
sequence. Depending on how quickly the read occurs after reset release, the user may or may not see the
0 hardware reset value.

0 Flash command or EEPROM file system operation in progress
1 Flash command or EEPROM file system operation has completed

6
RDCOLERR

Flash Read Collision Error Flag

The RDCOLERR error bit indicates that the MCU attempted a read from a flash memory resource that
was being manipulated by a flash command (CCIF=0). Any simultaneous access is detected as a collision
error by the block arbitration logic. The read data in this case cannot be guaranteed. The RDCOLERR bit
is cleared by writing a 1 to it. Writing a 0 to RDCOLERR has no effect.

0 No collision error detected
1 Collision error detected

5
ACCERR

Flash Access Error Flag

The ACCERR error bit indicates an illegal access has occurred to a flash memory resource caused by a
violation of the command write sequence or issuing an illegal flash command. While ACCERR is set, the

Table continues on the next page...
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FTFL_FSTAT field descriptions (continued)

Field Description
CCIF flag cannot be cleared to launch a command. The ACCERR bit is cleared by writing a 1 to it. Writing
a 0 to the ACCERR bit has no effect.

0 No access error detected
1 Access error detected

4
FPVIOL

Flash Protection Violation Flag

The FPVIOL error bit indicates an attempt was made to program or erase an address in a protected area
of program flash or data flash memory during a command write sequence or a write was attempted to a
protected area of the FlexRAM while enabled for EEPROM. While FPVIOL is set, the CCIF flag cannot be
cleared to launch a command. The FPVIOL bit is cleared by writing a 1 to it. Writing a 0 to the FPVIOL bit
has no effect.

0 No protection violation detected
1 Protection violation detected

3–1
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

0
MGSTAT0

Memory Controller Command Completion Status Flag

The MGSTAT0 status flag is set if an error is detected during execution of a flash command or during the
flash reset sequence. As a status flag, this bit cannot (and need not) be cleared by the user like the other
error flags in this register.

The value of the MGSTAT0 bit for "command-N" is valid only at the end of the "command-N" execution
when CCIF=1 and before the next command has been launched. At some point during the execution of
"command-N+1," the previous result is discarded and any previous error is cleared.

26.34.5 Flash Common Command Object Registers
(FTFL_FCCOBn)

The FCCOB register group provides 12 bytes for command codes and parameters. The
individual bytes within the set append a 0-B hex identifier to the FCCOB register name:
FCCOB0, FCCOB1, ..., FCCOBB.

Address: FFFF_8380h base + 4h offset + (1d × i), where i=0d to 11d

Bit 7 6 5 4 3 2 1 0
Read CCOBnWrite
Reset 0 0 0 0 0 0 0 0

FTFL_FCCOBn field descriptions

Field Description

7–0
CCOBn

The FCCOB register provides a command code and relevant parameters to the memory controller. The
individual registers that compose the FCCOB data set can be written in any order, but you must provide all
needed values, which vary from command to command. First, set up all required FCCOB fields and then
initiate the command’s execution by writing a 1 to the FSTAT[CCIF] bit. This clears the CCIF bit, which
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Program flash protection register Program flash protection bits
FPROT0 PROT[31:24]

FPROT1 PROT[23:16]

FPROT2 PROT[15:8]

FPROT3 PROT[7:0]

During the reset sequence, the FPROT registers are loaded with the contents of the
program flash protection bytes in the Flash Configuration Field as indicated in the
following table.

Program flash protection register Flash Configuration Field offset address
FPROT0 0x000B

FPROT1 0x000A

FPROT2 0x0009

FPROT3 0x0008

To change the program flash protection that is loaded during the reset sequence,
unprotect the sector of program flash memory that contains the Flash Configuration
Field. Then, reprogram the program flash protection byte.

Address: FFFF_8380h base + 10h offset + (1d × i), where i=0d to 3d

Bit 7 6 5 4 3 2 1 0
Read PROTWrite
Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

FTFL_FPROTn field descriptions

Field Description

7–0
PROT

Program Flash Region Protect

Each program flash region can be protected from program and erase operations by setting the associated
PROT bit.

In NVM Normal mode: The protection can only be increased, meaning that currently unprotected memory
can be protected, but currently protected memory cannot be unprotected. Since unprotected regions are
marked with a 1 and protected regions use a 0, only writes changing 1s to 0s are accepted. This 1-to-0
transition check is performed on a bit-by-bit basis. Those FPROT bits with 1-to-0 transitions are accepted
while all bits with 0-to-1 transitions are ignored.

In NVM Special mode All bits of FPROT are writable without restriction. Unprotected areas can be
protected and protected areas can be unprotected.

Restriction: The user must never write to any FPROT register while a command is running (CCIF=0).

Trying to alter data in any protected area in the program flash memory results in a protection violation
error and sets the FSTAT[FPVIOL] bit. A full block erase of a program flash block is not possible if it
contains any protected region.
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FTFL_FPROTn field descriptions (continued)

Field Description
Each bit in the 32-bit protection register represents 1/32 of the total program flash.

0 Program flash region is protected.
1 Program flash region is not protected

26.34.7 Data Flash Protection Register (FTFL_FDPROT)

The FDPROT register defines which data flash regions are protected against program and
erase operations. Protected Flash regions cannot have their content changed; that is, these
regions cannot be programmed and cannot be erased by any flash command. Unprotected
regions can be changed by both program and erase operations.

Address: FFFF_8380h base + 14h offset = FFFF_8394h

Bit 7 6 5 4 3 2 1 0
Read DPROTWrite
Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

FTFL_FDPROT field descriptions

Field Description

7–0
DPROT

Data Flash Region Protect

Individual data flash regions can be protected from program and erase operations by setting the
associated DPROT bit. Each DPROT bit protects one-eighth of the partitioned data flash memory space.
The granularity of data flash protection cannot be less than the data flash sector size. If an unused
DPROT bit is set, the Erase all Blocks command does not execute and the FSTAT[FPVIOL] flag is set.

In NVM Normal mode: The protection can only be increased, meaning that currently unprotected memory
can be protected but currently protected memory cannot be unprotected. Since unprotected regions are
marked with a 1 and protected regions use a 0, only writes changing 1s to 0s are accepted. This 1-to-0
transition check is performed on a bit-by-bit basis. Those FDPROT bits with 1-to-0 transitions are
accepted while all bits with 0-to-1 transitions are ignored.

In NVM Special mode: All bits of the FDPROT register are writable without restriction. Unprotected areas
can be protected and protected areas can be unprotected.

Restriction: The user must never write to the FDPROT register while a command is running (CCIF=0).

Reset: During the reset sequence, the FDPROT register is loaded with the contents of the data flash
protection byte in the Flash Configuration Field located in program flash memory. The flash basis for the
reset values is signified by X in the register diagram. To change the data flash protection that will be
loaded during the reset sequence, unprotect the sector of program flash that contains the Flash
Configuration Field. Then, erase and reprogram the data flash protection byte.

Memory Map and Registers
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FTFL_FDPROT field descriptions (continued)

Field Description
Trying to alter data with the program and erase commands in any protected area in the data flash memory
results in a protection violation error and sets the FSTAT[FPVIOL] bit. A full block erase of the data flash
memory (see the Erase Flash Block command description) is not possible if the data flash memory
contains any protected region or if the FlexNVM block has been partitioned for EEPROM.

0 Data Flash region is protected
1 Data Flash region is not protected

26.34.8 EEPROM Protection Register (FTFL_FEPROT)

The FEPROT register defines which EEPROM regions of the FlexRAM are protected
against program and erase operations. Protected EEPROM regions cannot have their
content changed by writing to it. Unprotected regions can be changed by writing to the
FlexRAM.

Address: FFFF_8380h base + 15h offset = FFFF_8395h

Bit 7 6 5 4 3 2 1 0
Read EPROTWrite
Reset x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

FTFL_FEPROT field descriptions

Field Description

7–0
EPROT

EEPROM Region Protect

Individual EEPROM regions can be protected from alteration by setting the associated EPROT bit. The
EPROT bits are not used when the FlexNVM Partition Code is set to data flash only. When the FlexNVM
Partition Code is set to data flash and EEPROM or EEPROM only, each EPROT bit covers one-eighth of
the configured EEPROM data (see the EEPROM Data Set Size parameter description).

In NVM Normal mode: The protection can only be increased. This means that currently-unprotected
memory can be protected, but currently-protected memory cannot be unprotected. Since unprotected
regions are marked with a 1 and protected regions use a 0, only writes changing 1s to 0s are accepted.
This 1-to-0 transition check is performed on a bit-by-bit basis. Those FEPROT bits with 1-to-0 transitions
are accepted while all bits with 0-to-1 transitions are ignored.

In NVM Special mode : All bits of the FEPROT register are writable without restriction. Unprotected areas
can be protected and protected areas can be unprotected.

Restriction: Never write to the FEPROT register while a command is running (CCIF=0).
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Table 26-48. Erase Flash Block Command Error Handling (continued)

Error Condition Error Bit

Flash address is not longword aligned FSTAT[ACCERR]

Any area of the selected flash block is protected FSTAT[FPVIOL]

Any errors have been encountered during the verify operation1 FSTAT[MGSTAT0]

1. User margin read may be run using the Read 1s Block command to verify all bits are erased.

26.4.12.7 Erase Flash Sector Command

The Erase Flash Sector operation erases all addresses in a flash sector.

Table 26-49. Erase Flash Sector Command FCCOB Requirements

FCCOB Number FCCOB Contents [7:0]

0 0x09 (ERSSCR)

1 Flash address [23:16] in the flash sector to be erased

2 Flash address [15:8] in the flash sector to be erased

3 Flash address [7:0]1 in the flash sector to be erased

1. Must be longword aligned (flash address [1:0] = 00).

After clearing CCIF to launch the Erase Flash Sector command, the flash memory
module erases the selected program flash or data flash sector and then verifies that it is
erased. The Erase Flash Sector command aborts if the selected sector is protected (see the
description of the FPROT and FDPROT registers). The swap indicator address in each
program flash block is implicitly protected from sector erase unless the swap system is in
the UPDATE or UPDATE-ERASED state and the program flash sector containing the
swap indicator address being erased is the non-active block. If the erase-verify fails the
FSTAT[MGSTAT0] bit is set. The CCIF flag is set after the Erase Flash Sector operation
completes. The Erase Flash Sector command is suspendable (see the FCNFG[ERSSUSP]
bit and Figure 26-33).

Table 26-50. Erase Flash Sector Command Error Handling

Error Condition Error Bit

Command not available in current mode/security FSTAT[ACCERR]

An invalid Flash address is supplied FSTAT[ACCERR]

Flash address is not longword aligned FSTAT[ACCERR]

The selected program flash or data flash sector is protected FSTAT[FPVIOL]

Any errors have been encountered during the verify operation1 FSTAT[MGSTAT0]

1. User margin read may be run using the Read 1s Section command to verify all bits are erased.

Functional Description
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26.4.12.7.1 Suspending an Erase Flash Sector Operation

To suspend an Erase Flash Sector operation set the FCNFG[ERSSUSP] bit (see Flash
Configuration Field Description) when CCIF is clear and the CCOB command field holds
the code for the Erase Flash Sector command. During the Erase Flash Sector operation
(see Erase Flash Sector Command), the flash memory module samples the state of the
ERSSUSP bit at convenient points. If the flash memory module detects that the
ERSSUSP bit is set, the Erase Flash Sector operation is suspended and the flash memory
module sets CCIF. While ERSSUSP is set, all writes to flash registers are ignored except
for writes to the FSTAT and FCNFG registers.

If an Erase Flash Sector operation effectively completes before the flash memory module
detects that a suspend request has been made, the flash memory module clears the
ERSSUSP bit prior to setting CCIF. When an Erase Flash Sector operation has been
successfully suspended, the flash memory module sets CCIF and leaves the ERSSUSP bit
set. While CCIF is set, the ERSSUSP bit can only be cleared to prevent the withdrawal of
a suspend request before the flash memory module has acknowledged it.

26.4.12.7.2 Resuming a Suspended Erase Flash Sector Operation

If the ERSSUSP bit is still set when CCIF is cleared to launch the next command, the
previous Erase Flash Sector operation resumes. The flash memory module acknowledges
the request to resume a suspended operation by clearing the ERSSUSP bit. A new
suspend request can then be made by setting ERSSUSP. A single Erase Flash Sector
operation can be suspended and resumed multiple times.

There is a minimum elapsed time limit between the request to resume the Erase Flash
Sector operation (CCIF is cleared) and the request to suspend the operation again
(ERSSUSP is set). This minimum time period is required to ensure that the Erase Flash
Sector operation will eventually complete. If the minimum period is continually violated,
i.e. the suspend requests come repeatedly and too quickly, no forward progress is made
by the Erase Flash Sector algorithm. The resume/suspend sequence runs indefinitely
without completing the erase.

26.4.12.7.3 Aborting a Suspended Erase Flash Sector Operation

The user may choose to abort a suspended Erase Flash Sector operation by clearing the
ERSSUSP bit prior to clearing CCIF for the next command launch. When a suspended
operation is aborted, the flash memory module starts the new command using the new
FCCOB contents.
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Figure 26-33. Suspend and Resume of Erase Flash Sector Operation
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26.4.12.8 Program Section Command

The Program Section operation programs the data found in the section program buffer to
previously erased locations in the flash memory using an embedded algorithm. Data is
preloaded into the section program buffer by writing to the FlexRAM while it is set to
function as traditional RAM or the programming acceleration RAM (see Flash Sector
Programming).

The section program buffer is limited to the lower half of the RAM. Data written to the
upper half of the RAM is ignored and may be overwritten during Program Section
command execution.

CAUTION

A flash memory location must be in the erased state before
being programmed. Cumulative programming of bits (back-to-
back program operations without an intervening erase) within a
flash memory location is not allowed. Re-programming of
existing 0s to 0 is not allowed as this overstresses the device.

Table 26-51. Program Section Command FCCOB Requirements

FCCOB Number FCCOB Contents [7:0]

0 0x0B (PGMSEC)

1 Flash address [23:16]

2 Flash address [15:8]

3 Flash address [7:0]1

4 Number of longwords to program [15:8]

5 Number of longwords to program [7:0]

1. Must be longword aligned (Flash address [1:0] = 00).

After clearing CCIF to launch the Program Section command, the flash memory module
blocks access to the FlexRAM and programs the data residing in the section program
buffer into the flash memory starting at the flash address provided.

The starting address must be unprotected (see the description of the FPROT and
FDPROT registers) to permit execution of the Program Section operation. The swap
indicator address in each program flash block is implicitly protected from programming.
If the swap indicator address is encountered during the Program Section operation, it is
bypassed without setting FPVIOL and the contents are not programmed. Programming,
which is not allowed to cross a flash sector boundary, continues until all requested
longwords have been programmed. The Program Section command also verifies that after
programming, all bits requested to be programmed are programmed.

Functional Description
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After the Program Section operation completes, the CCIF flag is set and normal access to
the RAM is restored. The contents of the section program buffer may be changed by the
Program Section operation.

Table 26-52. Program Section Command Error Handling

Error Condition Error Bit

Command not available in current mode/security FSTAT[ACCERR]

An invalid flash address is supplied FSTAT[ACCERR]

Flash address is not longword aligned FSTAT[ACCERR]

The requested section crosses a program flash sector boundary FSTAT[ACCERR]

The requested number of longwords is zero FSTAT[ACCERR]

The space required to store data for the requested number of longwords is more than half the
size of the FlexRAM FSTAT[ACCERR]

The FlexRAM is not set to function as a traditional RAM, i.e. set if RAMRDY=0 FSTAT[ACCERR]

The flash address falls in a protected area FSTAT[FPVIOL]

Any errors have been encountered during the verify operation FSTAT[MGSTAT0]

26.4.12.8.1 Flash Sector Programming

The process of programming an entire flash sector using the Program Section command
is as follows:

1. If required, for FlexNVM devices, execute the Set FlexRAM Function command to
make the FlexRAM available as traditional RAM and initialize the FlexRAM to all
ones.

2. Launch the Erase Flash Sector command to erase the flash sector to be programmed.
3. Beginning with the starting address of the FlexRAM, sequentially write enough data

to the RAM to fill an entire flash sector or half the FlexRAM, whichever is less. This
area of the RAM serves as the section program buffer.

NOTE
In step 1, the section program buffer was initialized to all
ones, the erased state of the flash memory.

The section program buffer can be written to while the operation launched in step 2
is executing, i.e. while CCIF = 0.

4. Execute the Program Section command to program the contents of the section
program buffer into the selected flash sector.

5. If a flash sector is larger than half the RAM, repeat steps 3 and 4 until the sector is
completely programmed.

6. To program additional flash sectors, repeat steps 2 through 4.
7. To restore EEPROM functionality for FlexNVM devices, execute the Set FlexRAM

Function command to make the FlexRAM available as EEPROM.
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26.4.12.9 Read 1s All Blocks Command

The Read 1s All Blocks command checks if the program flash blocks, data flash blocks,
EEPROM backup records, and data flash IFR have been erased to the specified read
margin level, if applicable, and releases security if the readout passes, i.e. all data reads as
'1'.

Table 26-53. Read 1s All Blocks Command FCCOB Requirements

FCCOB Number FCCOB Contents [7:0]

0 0x40 (RD1ALL)

1 Read-1 Margin Choice

After clearing CCIF to launch the Read 1s All Blocks command, the flash memory
module :

• sets the read margin for 1s according to Table 26-54,
• checks the contents of the program flash, data flash, EEPROM backup records, and

data flash IFR are in the erased state.

If the flash memory module confirms that these memory resources are erased, security is
released by setting the FSEC[SEC] field to the unsecure state. The security byte in the
flash configuration field (see Flash Configuration Field Description) remains unaffected
by the Read 1s All Blocks command. If the read fails, i.e. all memory resources are not in
the fully erased state, the FSTAT[MGSTAT0] bit is set.

The EEERDY and RAMRDY bits are clear during the Read 1s All Blocks operation and
are restored at the end of the Read 1s All Blocks operation.

The CCIF flag sets after the Read 1s All Blocks operation has completed.

Table 26-54. Margin Level Choices for Read 1s All Blocks

Read Margin Choice Margin Level Description

0x00 Use the 'normal' read level for 1s

0x01 Apply the 'User' margin to the normal read-1 level

0x02 Apply the 'Factory' margin to the normal read-1 level

Table 26-55. Read 1s All Blocks Command Error Handling

Error Condition Error Bit

An invalid margin choice is specified FSTAT[ACCERR]

Read-1s fails FSTAT[MGSTAT0]

Functional Description
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Table 26-60. Erase All Blocks Command FCCOB Requirements

FCCOB Number FCCOB Contents [7:0]

0 0x44 (ERSALL)

After clearing CCIF to launch the Erase All Blocks command, the flash memory module
erases all program flash memory, program flash swap IFR space, data flash memory, data
flash IFR space, EEPROM backup memory, and FlexRAM, then verifies that all are
erased.

If the flash memory module verifies that all flash memories and the FlexRAM were
properly erased, security is released by setting the FSEC[SEC] field to the unsecure state
and the FCNFG[RAMRDY] bit is set. The Erase All Blocks command aborts if any flash
or FlexRAM region is protected. The swap indicator address in each program flash block
is not implicitly protected from the Erase All Blocks operation. The security byte and all
other contents of the flash configuration field (see Flash Configuration Field Description)
are erased by the Erase All Blocks command. If the erase-verify fails, the
FSTAT[MGSTAT0] bit is set. The CCIF flag is set after the Erase All Blocks operation
completes.

Table 26-61. Erase All Blocks Command Error Handling

Error Condition Error Bit

Command not available in current mode/security FSTAT[ACCERR]

Any region of the program flash memory, data flash memory, or FlexRAM is protected FSTAT[FPVIOL]

Any errors have been encountered during the verify operation1 FSTAT[MGSTAT0]

1. User margin read may be run using the Read 1s All Blocks command to verify all bits are erased.

26.4.12.12.1 Triggering an Erase All External to the Flash Memory Module

The functionality of the Erase All Blocks command is also available in an uncommanded
fashion outside of the flash memory. Refer to the device's Chip Configuration details for
information on this functionality.

Before invoking the external erase all function, the FSTAT[ACCERR and PVIOL] flags
must be cleared and the FCCOB0 register must not contain 0x44. When invoked, the
erase-all function erases all program flash memory, program flash swap IFR space, data
flash memory, data flash IFR space, EEPROM backup, and FlexRAM regardless of the
protection settings or if the swap system has been initialized. If the post-erase verify
passes, the routine then releases security by setting the FSEC[SEC] field register to the
unsecure state and the FCNFG[RAMRDY] bit sets. The security byte in the Flash
Configuration Field is also programmed to the unsecure state. The status of the erase-all
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Table 26-66. Swap State Report Mapping

Case Swap Enable
Field1

Swap Indicator
01

Swap Indicator
11

Swap State2 State
Code

MGST
AT0

Active
Block

1 0xFFFF - - Uninitialized 0 0 0

2 0x0000 0xFF00 0x0000 Update 2 0 0

3 0x0000 0xFF00- 0xFFFF Update-Erased 3 0 0

4 0x0000 0x0000 0xFFFF3 Complete4 4 0 0

5 0x0000 0x0000 0xFFFF Ready5 1 0 1

6 0x0000 0x0000 0xFF00 Update 2 0 1

7 0x0000 0xFFFF 0xFF00 Update-Erased 3 0 1

8 0x0000 0xFFFF3 0x0000 Complete4 4 0 1

9 0x0000 0xFFFF 0x0000 Ready5 1 0 0

10 0xXXXX - - Uninitialized 0 1 0

11 0x0000 0xFFFF 0xFFFF Uninitialized 0 1 0

12 0x0000 0xFFXX 0xFFFF Ready 1 1 0

13 0x0000 0xFFXX 0x0000 Ready 1 1 0

146 0x0000 0xXXXX 0x0000 Ready 1 1 0

156 0x0000 0xFFFF 0xFFXX Ready 1 1 1

16 0x0000 0x0000 0xFFXX Ready 1 1 1

176 0x0000 0x0000 0xXXXX Ready 1 1 1

18 0x0000 0xFF00 0xFFFF7 Update 2 1 0

19 0x0000 0xFF00 0xXXXX Update 2 1 0

20 0x0000 0xFF(00) 0xFFXX Update 2 1 0

216 0x0000 0x0000 0x0000 Update 2 1 0

226 0x0000 0xXXXX 0xXXXX Update 2 1 0

23 0x0000 0xFFFF7 0xFF00 Update 2 1 1

24 0x0000 0xXXXX 0xFF00 Update 2 1 1

25 0x0000 0xFFXX 0xFF(00) Update 2 1 1

26 0x0000 0xXX00 0xFFFF Update-Erased 3 1 0

27 0x0000 0xXXXX 0xFFFF Update-Erased 3 1 0

28 0x0000 0xFFFF 0xXX00 Update-Erased 3 1 1

29 0x0000 0xFFFF 0xXXXX Update-Erased 3 1 1

1. 0xXXXX, 0xFFXX, 0xXX00 indicates a non-valid value was read; 0xFF(00) indicates more 0’s than other indicator (if same
number of 0’s, then swap system defaults to block 0 active)

2. Cases 10-29 due to brownout (abort) detected during program or erase steps related to swap
3. Must read 0xFFFF with erase verify level before transition to Complete allowed
4. No reset since successful Swap Complete execution
5. Reset after successful Swap Complete execution
6. Not a valid case
7. Fails to read 0xFFFF at erase verify level

Functional Description

MCF51JG256 Reference Manual, Rev. 1, 01/2013

520 Freescale Semiconductor, Inc.











26.4.13 Security
The flash memory module provides security information to the MCU based on contents
of the FSEC security register. The MCU then limits access to flash memory resources as
defined in the device's Chip Configuration details. During reset, the flash memory
module initializes the FSEC register using data read from the security byte of the Flash
Configuration Field (see Flash Configuration Field Description).

The following fields are available in the FSEC register. The settings are described in the
Flash Security Register (FTFL_FSEC) details.

Table 26-75. FSEC register fields

FSEC field Description

KEYEN Backdoor Key Access

MEEN Mass Erase Capability

FSLACC Freescale Factory Access

SEC MCU security

26.4.13.1 Flash Memory Access by Mode and Security

The following table summarizes how access to the flash memory module is affected by
security and operating mode.

Table 26-76. Flash Memory Access Summary

Operating Mode
Chip Security State

Unsecure Secure

NVM Normal Full command set

NVM Special Full command set Only the Erase All Blocks and Read 1s All
Blocks commands.

26.4.13.2 Changing the Security State

The security state out of reset can be permanently changed by programming the security
byte of the flash configuration field. This assumes that you are starting from a mode
where the necessary program flash erase and program commands are available and that
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Chapter 27
EzPort

27.1 Overview
The EzPort module is a serial flash programming interface that allows In-System
Programming (ISP) of flash memory contents on a 32 bit general-purpose
microcontroller. Memory contents can be read, erased, and programmed from an external
source in a format that is compatible with many stand-alone flash memory chips, without
necessitating the removal of the microcontroller from the system.

27.1.1 Introduction
The following figure is a high level block diagram of the EzPort.
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Figure 27-1. EzPort block diagram

27.1.2 Features
EzPort includes the following features:

• Serial interface that is compatible with a subset of the SPI format.

• Ability to read, erase, and program flash memory.

• Ability to reset the microcontroller, allowing it to boot from the flash memory after
the memory has been configured.

27.1.3 Modes of operation
The EzPort can operate in one of two modes, enabled or disabled.

• Enabled — When enabled, the EzPort steals access to the flash memory, preventing
access from other cores or peripherals. The rest of the microcontroller is disabled to
avoid conflicts. The flash is configured for NVM Special mode.

• Disabled — When the EzPort is disabled, the rest of the microcontroller can access
flash memory as normal.

Overview
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The EzPort provides a simple interface to connect an external device to the flash memory
on board a 32 bit microcontroller. The interface itself is compatible with the SPI
interface, with the EzPort operating as a slave, running in either of the two following
modes. The data is transmitted with the most significant bit first.

• CPOL = 0, CPHA = 0

• CPOL = 1, CPHA = 1

Commands are issued by the external device to erase, program, or read the contents of the
flash memory. The serial data out from the EzPort is tri-stated unless data is being driven.
This allows the signal to be shared among several different EzPort (or compatible)
devices in parallel, as long as they have different chip-selects.

27.2 External signal description
The following table contains a list of EzPort external signals, and the following sections
explain the signals in detail.

Table 27-1. EzPort external signal description

Name Description I/O

EZP_CK EzPort Clock Input

EZP_CS EzPort Chip Select Input

EZP_D EzPort Serial Data In Input

EZP_Q EzPort Serial Data Out Output

27.2.1 EzPort Clock (EZP_CK)
EZP_CK is the serial clock for data transfers. The serial data in (EZP_D) and chip select
(EZP_CS) are registered on the rising edge of EZP_CK, while serial data out (EZP_Q) is
driven on the falling edge of EZP_CK.

The maximum frequency of the EzPort clock is half the system clock frequency for all
commands except when executing the Read Data or Read FlexRAM commands. When
executing these commands, the EzPort clock has a maximum frequency of one-eighth the
system clock frequency.
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27.2.2 EzPort Chip Select (EZP_CS)
EZP_CS is the chip select for signaling the start and end of serial transfers. If, while
EZP_CS is asserted, the microcontroller's reset out signal is negated, EzPort is enabled
out of reset; otherwise it is disabled. After EzPort is enabled, asserting EZP_CS
commences a serial data transfer, which continues until EZP_CS is negated again. The
negation of EZP_CS indicates the current command is finished and resets the EzPort state
machine so that it is ready to receive the next command.

27.2.3 EzPort Serial Data In (EZP_D)
EZP_D is the serial data in for data transfers. EZP_D is registered on the rising edge of
EZP_CK. All commands, addresses, and data are shifted in most significant bit first.
When the EzPort is driving output data on EZP_Q, the data shifted in EZP_D is ignored.

27.2.4 EzPort Serial Data Out (EZP_Q)
EZP_Q is the serial data out for data transfers. EZP_Q is driven on the falling edge of
EZP_CK. It is tri-stated unless EZP_CS is asserted and the EzPort is driving data out. All
data is shifted out most significant bit first.

27.3 Command definition
The EzPort receives commands from an external device and translates the commands into
flash memory accesses. The following table lists the supported commands.

Table 27-2. EzPort commands

Command Description Code Address
Bytes Data Bytes Accepted when

secure?

WREN Write Enable 0x06 0 0 Yes

WRDI Write Disable 0x04 0 0 Yes

RDSR Read Status Register 0x05 0 1 Yes

READ Flash Read Data 0x03 31 1+ No

FAST_READ Flash Read Data at High Speed 0x0B 31 1+2 No

SP Flash Section Program 0x02 33 8 - SECTION4 No

SE Flash Sector Erase 0xD8 33 0 No

BE Flash Bulk Erase 0xC7 0 0 Yes5

RESET Reset Chip 0xB9 0 0 Yes

WRFCCOB Write FCCOB Registers 0xBA 0 12 Yes6

Table continues on the next page...

Command definition

MCF51JG256 Reference Manual, Rev. 1, 01/2013

532 Freescale Semiconductor, Inc.



Table 27-2. EzPort commands (continued)

Command Description Code Address
Bytes Data Bytes Accepted when

secure?

FAST_RDFCCOB Read FCCOB registers at high
speed 0xBB 0 1 - 122 No

WRFLEXRAM Write FlexRAM 0xBC 31 4 No

RDFLEXRAM Read FlexRAM 0xBD 31 1+ No

FAST_RDFLEXRAM Read FlexRAM at high speed 0xBE 31 1+2 No

1. Address must be 32-bit aligned (two LSBs must be zero).
2. One byte of dummy data must be shifted in before valid data is shifted out.
3. Address must be 64-bit aligned (three LSBs must be zero).
4. Please see the Flash Memory chapter for a definition of section size. Total number of data bytes programmed must be a

multiple of 8.
5. Bulk Erase is accepted when security is set and only when the BEDIS status field is not set.
6. The flash will be in NVM Special mode, restricting the type of commands that can be executed through WRITE_FCCOB

when security is enabled.

27.3.1 Command descriptions
This section describes the module commands.

27.3.1.1 Write Enable

The Write Enable (WREN) command sets the write enable register field in the EzPort
status register. The write enable field must be set for a write command (SP, SE, BE,
WRFCCOB, or WRFLEXRAM) to be accepted. The write enable register field clears on
reset, on a Write Disable command, and at the completion of write command. This
command must not be used if a write is already in progress.

27.3.1.2 Write Disable

The Write Disable (WRDI) command clears the write enable register field in the status
register. This command must not be used if a write is already in progress.

27.3.1.3 Read Status Register

The Read Status Register (RDSR) command returns the contents of the EzPort status
register.
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Table 27-3. EzPort status register
7 6 5 4 3 2 1 0

R FS WEF FLEXRAM BEDIS WEN WIP

W

Reset: 0/11 0 0 0 0/12 0/13 0 14

1. Reset value reflects the status of flash security out of reset.
2. Reset value reflects FlexNVM flash partitioning. If FlexNVM flash has been paritioned for EEPROM, this field is set

immediately after reset. Note that FLEXRAM is cleared after the EzPort initialization sequence completes, as indicated by
clearing of WIP.

3. Reset value reflects whether bulk erase is enabled or disabled out of reset.
4. Initial value of WIP is 1, but the value clears to 0 after EzPort initialization is complete.

Table 27-4. EzPort status register field description
Field Description

0

WIP

Write in progress.

Sets after a write command (SP, SE, BE, WRFCCOB, or WRFLEXRAM) is accepted and clears after the
flash memory has completed all operations associated with the write command, as indicated by the
Command Complete Interrupt Flag (CCIF) inside the flash. This field is also asserted on reset and cleared
when EzPort initialization is complete. Only the Read Status Register (RDSR) command is accepted while
a write is in progress.

0 = Write is not in progress. Accept any command.

1 = Write is in progress. Only accept RDSR command.

1

WEN

Write enable

Enables the write comman that follows. It is a control field that must be set before a write command (SP,
SE, BE, WRFCCOB, or WRFLEXRAM) is accepted. Is set by the Write Enable (WREN) command and
cleared by reset or a Write Disable (WRDI) command. This field also clears when the flash memory has
completed all operations associated with the command.

0 = Disables the following write command.

1 = Enables the following write command.

2

BEDIS

Bulk erase disable

Indicates whether bulk erase (BE) is disabled when flash is secure.

0 = BE is enabled.

1 = BE is disabled if FS is also set. Attempts to issue a BE command will result in the WEF flag being set.

3

FLEXRAM

FlexRAM mode

Indicates the current mode of the FlexRAM. Valid only when WIP is cleared.

0 = FlexRAM is in RAM mode. RD/WRFLEXRAM command can be used to read/write data in FlexRAM.

1 = FlexRAM is in EEPROM mode. SP command is not accepted. RD/WRFLEXRAM command can be
used to read/write data in the FlexRAM.

Table continues on the next page...

Command definition

MCF51JG256 Reference Manual, Rev. 1, 01/2013

534 Freescale Semiconductor, Inc.



Table 27-4. EzPort status register field description (continued)

Field Description

6

WEF

Write error flag

Indicates whether there has been an error while executing a write command (SP, SE, BE, WRFCCOB, or
WRFLEXRAM). The WEF flag will set if Flash Access Error Flag (ACCERR), Flash Protection Violation
(FPVIOL), or Memory Controller Command Completion Status (MGSTAT0) inside the flash memory is set
at the completion of the write command. See the flash memory chapter for further description of these flags
and their sources. The WEF flag clears after a Read Status Register (RDSR) command.

0 = No error on previous write command.

1 = Error on previous write command.

7

FS

Flash security

Indicates whether the flash is secure. See Table 27-2 for the list of commands that will be accepted when
flash is secure. Flash security can be disabled by performing a BE command.

0 = Flash is not secure.

1 = Flash is secure.

27.3.1.4 Read Data

The Read Data (READ) command returns data from the flash memory or FlexNVM,
depending on the initial address specified in the command word. The initial address must
be 32-bit aligned with the two LSBs being zero.

Data continues being returned for as long as the EzPort chip select (EZP_CS) is asserted,
with the address automatically incrementing. In this way, the entire contents of flash can
be returned by one command. Attempts to read from an address which does not fall
within the valid address range for the flash memory regions returns unknown data. See
Flash memory map for EzPort access.

For this command to return the correct data, the EzPort clock (EZP_CK) must run at the
internal system clock divided by eight or slower. This command is not accepted if the
WEF, WIP, or FS field in the EzPort status register is set.

27.3.1.5 Read Data at High Speed

The Read Data at High Speed (FAST_READ) command is identical to the READ
command, except for the inclusion of a dummy byte following the address bytes and
before the first data byte is returned.

This command can be run with an EzPort clock (EZP_CK) frequency of half the internal
system clock frequency of the microcontroller or slower. This command is not accepted if
the WEF, WIP, or FS field in the EzPort status register is set.
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27.3.1.6 Section Program

The Section Program (SP) command programs up to one section of flash memory that has
previously been erased. Please see the Flash Memory chapter for a definition of section
size. The starting address of the memory to program is sent after the command word and
must be a 64-bit aligned address with the three LSBs being zero).

As data is shifted in, the EzPort buffers the data in FlexRAM before executing an SP
command within the flash. For this reason, the number of bytes to be programmed must
be a multiple of 8 and up to one flash section can be programmed at a time. For more
details, see the Flash Block Guide.

Attempts to program more than one section, across a sector boundary or from an initial
address which does not fall within the valid address range for the flash causes the WEF
flag to set. See Flash memory map for EzPort access.

This command requires the FlexRAM to be configured for traditional RAM operation.
By default, after entering EzPort mode, the FlexRAM is configured for traditional RAM
operation. If the user reconfigures FlexRAM for EEPROM operation, then the user
should use the WRFCCOB command to configure FlexRAM back to traditional RAM
operation before issuing an SP command. See the Flash Memory chapter for details on
how the FlexRAM function is modified.

This command is not accepted if the WEF, WIP, FLEXRAM, or FS field is set or if the
WEN field is not set in the EzPort status register.

27.3.1.7 Sector Erase

The Sector Erase (SE) command erases the contents of one sector of flash memory. The
three byte address sent after the command byte can be any address within the sector to
erase, but must be a 64-bit aligned address (the three LSBs must be zero). Attempts to
erase from an initial address which does not fall within the valid address range (see Flash
memory map for EzPort access) for the flash results in the WEF flag being set.

This command is not accepted if the WEF, WIP or FS field is set or if the WEN field is
not set in the EzPort status register.
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27.3.1.8 Bulk Erase

The Bulk Erase (BE) command erases the entire contents of flash memory, ignoring any
protected sectors or flash security. Flash security is disabled upon successful completion
of the BE command.

Attempts to issue a BE command while the BEDIS and FS fields are set results in the
WEF flag being set in the EzPort status register. Also, this command is not accepted if
the WEF or WIP field is set or if the WEN field is not set in the EzPort status register.

27.3.1.9 EzPort Reset Chip

The Reset Chip (RESET) command forces the chip into the reset state. If the EzPort chip
select (EZP_CS) pin is asserted at the end of the reset period, EzPort is enabled;
otherwise, it is disabled. This command allows the chip to boot up from flash memory
after being programmed by an external source.

This command is not accepted if the WIP field is set in the EzPort status register.

27.3.1.10 Write FCCOB Registers

The Write FCCOB Registers (WRFCCOB) command allows the user to write to the flash
common command object registers and execute any command allowed by the flash.

NOTE
When security is enabled, the flash is configured in NVM
Special mode, restricting the commands that can be executed by
the flash.

After receiving 12 bytes of data, EzPort writes the data to the FCCOB 0-B registers in the
flash and then automatically launches the command within the flash. If greater or less
than 12 bytes of data is received, this command has unexpected results and may result in
the WEF flag being set.

This command is not accepted if the WEF or WIP field is set or if the WEN field is not
set in the EzPort status register.
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27.3.1.11 Read FCCOB Registers at High Speed

The Read FCCOB Registers at High Speed (FAST_RDFCCOB) command allows the
user to read the contents of the flash common command object registers. After receiving
the command, EzPort waits for one dummy byte of data before returning FCCOB register
data starting at FCCOB 0 and ending with FCCOB B.

This command can be run with an EzPort clock (EZP_CK) frequency half the internal
system clock frequency of the microcontroller or slower. Attempts to read greater than 12
bytes of data returns unknown data. This command is not accepted if the WEF, WIP, or
FS fields in the EzPort status register are 1.

27.3.1.12 Write FlexRAM

The Write FlexRAM (WRFLEXRAM) command allows the user to write four bytes of
data to the FlexRAM. If the FlexRAM is configured for EEPROM operation, the
WRFLEXRAM command can effectively be used to create data records in the EEPROM
flash memory.

By default, after entering EzPort mode, the FlexRAM is configured for traditional RAM
operation and functions as direct RAM. The user can alter the FlexRAM configuration by
using WRFCCOB to execute a Set FlexRAM or Program Partition command within the
flash.

The address of the FlexRAM location to be written is sent after the command word and
must be a 32-bit aligned address (the two LSBs must be zero). Attempts to write an
address which does not fall within the valid address range for the FlexRAM results in the
value of the WEF flag being 1. See Flash memory map for EzPort access for more
information.

After receiving four bytes of data, EzPort writes the data to the FlexRAM. If greater or
less than four bytes of data is received, this command has unexpected results and may
result in the value of the WEF flag being 1.

This command is not accepted if the WEF, WIP or FS fields are 1 or if the WEN field is
0 in the EzPort status register.

27.3.1.13 Read FlexRAM

The Read FlexRAM (RDFLEXRAM) command returns data from the FlexRAM. If the
FlexRAM is configured for EEPROM operation, the RDFLEXRAM command can
effectively be used to read data from EEPROM flash memory.
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Data continues being returned for as long as the EzPort chip select (EZP_CS) is asserted,
with the address automatically incrementing. In this way, the entire contents of FlexRAM
can be returned by one command.

The initial address must be 32-bit aligned (the two LSBs must be zero). Attempts to read
from an address which does not fall within the valid address range for the FlexRAM
returns unknown data. See Flash memory map for EzPort access for more information.

For this command to return the correct data, the EzPort clock (EZP_CK) must run at the
internal system clock divided by eight or slower. This command is not accepted if the
WEF, WIP, or FS fields in the EzPort status register are set.

27.3.1.14 Read FlexRAM at High Speed

The Read FlexRAM at High Speed (FAST_RDFLEXRAM) command is identical to the
RDFLEXRAM command, except for the inclusion of a dummy byte following the
address bytes and before the first data byte is returned.

This command can be run with an EzPort clock (EZP_CK) frequency up to and including
half the internal system clock frequency of the microcontroller. This command is not
accepted if the WEF, WIP, or FS fields in the EzPort status register are set.

27.4 Flash memory map for EzPort access
The following table shows the flash memory map for access through EzPort.

NOTE
The flash block address map for access through EzPort may not
conform to the system memory map. Changes are made to
allow the EzPort address width to remain 24 bits.

Table 27-5. Flash Memory Map for EzPort Access

Valid start address Size Flash block Valid commands

0x0000_0000 See device's chip
configuration details Flash READ, FAST_READ, SP, SE, BE

0x0080_0000 See device's chip
configuration details FlexNVM READ, FAST_READ, SP, SE, BE

0x0000_0000 See device's chip
configuration details FlexRAM RDFLEXRAM, FAST_RDFLEXRAM,

WRFLEXRAM, BE
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Chapter 28
Cryptographic Acceleration Unit (CAU)

28.1 Introduction
The cryptographic acceleration unit (CAU) is a ColdFire coprocessor implementing a set
of specialized operations in hardware to increase the throughput of software-based
encryption and hashing functions.

28.2 Block Diagram
This simplified block diagram illustrates the CAU.

ALU

CAx

CA0-CA3

Operand1

Decode
Command

Hash

Go

AES Row

Datapath 
Control

Result
Register 

File

DES /

CAA

Figure 28-1. Top-level CAU block diagram
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28.3 Overview
The set of implemented algorithms provides excellent support for network security
standards, such as SSL and IPsec. Additionally, using the CAU efficiently permits the
implementation of any higher level functions or modes of operation, such as HMAC,
CBC, and so on based on the supported algorithms.

The cryptographic algorithms are implemented partially in software with only functions
critical to increasing performance implemented in hardware. The CAU allows for
efficient, fine-grained partitioning of functions between hardware and software:

• Implement the innermost security kernel functions using the coprocessor instructions.

• Implement higher level functions in software by using the standard processor
instructions.

This partitioning of functions is key to minimizing size of the CAU while maintaining a
high level of throughput. Using software for some functions also simplifies the CAU
design. The CAU implements a set of coprocessor commands that operate on a register
file of 32-bit registers. It is tightly coupled to the ColdFire core and there is no local
memory or external interface.

28.4 Features
The CAU includes the following distinctive features:

• Supports DES, 3DES, AES, MD5, SHA-1, and SHA-256 algorithms
• Simple, flexible programming model

28.5 Register definition
The CAU contains multiple registers used by each of the supported algorithms. The
following table shows registers that are applicable to each supported algorithm and
indicates the corresponding letter designations for each algorithm. For more information
on these letter designations, see the algorithm specifications.
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NOTE
In the following table, the "address" or "offset" refers to the
command code value for the CAU registers.

CAU memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

0 Status Register (CAU_CASR) 32 R/W 2000_0000h 28.5.1/544

1 Accumulator (CAU_CAA) 32 R/W 0000_0000h 28.5.2/545

2 General Purpose Register (CAU_CA0) 32 R/W 0000_0000h 28.5.3/545

3 General Purpose Register (CAU_CA1) 32 R/W 0000_0000h 28.5.3/545

4 General Purpose Register (CAU_CA2) 32 R/W 0000_0000h 28.5.3/545

5 General Purpose Register (CAU_CA3) 32 R/W 0000_0000h 28.5.3/545

6 General Purpose Register (CAU_CA4) 32 R/W 0000_0000h 28.5.3/545

7 General Purpose Register (CAU_CA5) 32 R/W 0000_0000h 28.5.3/545

8 General Purpose Register (CAU_CA6) 32 R/W 0000_0000h 28.5.3/545

9 General Purpose Register (CAU_CA7) 32 R/W 0000_0000h 28.5.3/545

A General Purpose Register (CAU_CA8) 32 R/W 0000_0000h 28.5.3/545

28.5.1 Status Register (CAU_CASR)

CASR contains the status and configuration for the CAU.

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

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

R VER 0

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R 0
DPE IC

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CAU_CASR field descriptions

Field Description

31–28
VER

CAU Version

Indicates CAU version.

0x1 Initial CAU version.
0x2 Second version, added support for SHA-256 algorithm (This is the value on this device).

Table continues on the next page...
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CAU_CASR field descriptions (continued)

Field Description

27–2
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

1
DPE

DES Parity Error

Indicates whether the DES parity error is detected.

0 No error detected.
1 DES key parity error detected.

0
IC

Illegal Command

Indicates an illegal instruction has been executed.

0 No illegal commands issued.
1 Illegal command issued.

28.5.2 Accumulator (CAU_CAA)

Commands use the CAU accumulator for storage of results and as an operand for the
cryptographic algorithms.

Address: 0h base + 1h offset = 1h

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

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CAU_CAA field descriptions

Field Description

31–0
ACC

Accumulator

Stores results of various CAU commands.

28.5.3 General Purpose Register (CAU_CAn)

The General Purpose Register is used in the CAU commands for storage of results and as
operands for various cryptographic algorithms.

Address: 0h base + 2h offset + (1d × i), where i=0d to 8d

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

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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CAU_CAn field descriptions

Field Description

31–0
CAn

General Purpose Registers

Used by the CAU commands. Some cryptographic operations work with specific registers.

28.6 Functional description
This section discusses the programming model and operation of the CAU.

28.6.1 Programming Model
The CAU is an instruction-level coprocessor. It has a dedicated register file, a specialized
ALU, and specialized units for performing cryptographic operations. The CAU design
uses a simple, flexible accumulator-based architecture. Most commands, including load
and store, can specify any register in the register file. Some cryptographic operations
work with specific registers.

28.6.2 Coprocessor Instructions
Operation of the CAU is controlled via standard ColdFire coprocessor load (cp0ld) and
store (cp0st) instructions. The CAU has a dedicated register file accessed using these
instructions. The load instruction loads CAU registers and specifies CAU operations. The
store instruction stores CAU registers. The example assembler syntax for the CAU is:

    cp0ld.l        <ea>,<CMD>        ; coprocessor load
    cp0st.l        <ea>,<CMD>        ; coprocessor store

The <ea> field specifies the source operand (operand1) for load instructions and
destination (result) for store instructions. The basic ColdFire addressing modes {Rn,
(An), -(An), (An)+, (d16,An)} are supported for this field. The <CMD> field is a 9-bit
value that specifies the CAU command for an instruction. The CAU commands table
shows how the CAU supports a single command (STR) for store instructions and 21
commands for the load instructions. The CAU only supports longword operations. A
CAU command can be issued every clock cycle.
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28.6.3 CAU commands
The CAU supports the commands shown in the following table. All other encodings are
reserved. The CASR[IC] bit is set if an undefined command is issued. A specific illegal
command (ILL) is defined to allow software self-checking. Reserved commands must not
be issued so as to ensure compatibility with future implementations.

The CMD field specifies the 9-bit CAU opcode for the operation command.

See Assembler equate values for a set of assembly constants used in the command
descriptions here. If supported by the assembler, macros can also be created for each
instruction. The value CAx should be interpreted as any CAU register (CASR, CAA, and
CAn) and the <ea> field as one of the supported ColdFire addressing modes {Rn, (An), -
(An), (An)+, (d16,An)}. For example, the instruction to add the value from the core
register D1 to the CAU register CA0 is:

 cp0ld.l         %d1,#ADR+CA0        ; CA0=CA0+d1

Table 28-14. CAU commands

Type Command
name Description

CMD
Operation

8 7 6 5 4 3 2 1 0

cp0ld CNOP No Operation 0x000 —

cp0ld LDR Load Reg 0x01 CAx Op1 → CAx

cp0str STR Store Reg 0x02 CAx CAx → Result

cp0ld ADR Add 0x03 CAx CAx + Op1 → CAx

cp0ld RADR Reverse and Add 0x04 CAx CAx + ByteRev(Op1) → CAx

cp0ld ADRA Add Reg to Acc 0x05 CAx CAx + CAA → CAA

cp0ld XOR Exclusive Or 0x06 CAx CAx ^ Op1 → CAx

cp0ld ROTL Rotate Left 0x07 CAx (CAx <<< (Op1 % 32)) | (CAx
>>> (32 - (Op1 % 32))) →

CAx

cp0ld MVRA Move Reg to Acc 0x08 CAx CAx → CAA

cp0ld MVAR Move Acc to Reg 0x09 CAx CAA → CAx

cp0ld AESS AES Sub Bytes 0x0A CAx SubBytes(CAx) → CAx

cp0ld AESIS AES Inv Sub Bytes 0x0B CAx InvSubBytes(CAx) → CAx

cp0ld AESC AES Column Op 0x0C CAx MixColumns(CAx)^Op1→
CAx

cp0ld AESIC AES Inv Column Op 0x0D CAx InvMixColumns(CAx^Op1) →
CAx

cp0ld AESR AES Shift Rows 0x0E0 ShiftRows(CA0-CA3) → CA0-
CA3

cp0ld AESIR AES Inv Shift Rows 0x0F0 InvShiftRows(CA0-CA3)→
CA0-CA3

cp0ld DESR DES Round 0x10 IP FP KS[1:0] DES Round(CA0-CA3)
→CA0-CA3

Table continues on the next page...
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Table 28-14. CAU commands (continued)

Type Command
name Description

CMD
Operation

8 7 6 5 4 3 2 1 0

cp0ld DESK DES Key Setup 0x11 0 0 CP DC DES Key Op(CA0-CA1)→
CA0-CA1

Key Parity Error & CP →
CASR[1]

cp0ld HASH Hash Function 0x12 0 HF[2:0] Hash Func(CA1-
CA3)+CAA→ CAA

cp0ld SHS Secure Hash Shift 0x130 CAA <<< 5→ CAA,

CAA→CA0, CA0→CA1,

CA1 <<< 30 → CA2,

CA2→CA3, CA3→CA4

cp0ld MDS Message Digest Shift 0x140 CA3→CAA, CAA→CA1,

CA1→CA2, CA2→CA3,

cp0ld SHS2 Secure Hash Shift 2 0x150 CAA→CA0, CA0→CA1,

CA1 → CA2, CA2→CA3,

CA3 + CA8 →CA4,

CA4 → CA5, CA5 → CA6,

CA6 → CA7

cp0ld ILL Illegal Command 0x1F0 0x1→CASR[IC]

28.6.3.1 Coprocessor No Operation (CNOP)

     cp0ld.l   #CNOP

The CNOP command is the coprocessor no-op defined by the ColdFire coprocessor
definition for synchronization. It is not actually issued to the coprocessor from the core.

28.6.3.2 Load Register (LDR)

     cp0ld.l   <ea>,#LDR+CAx

The LDR command loads CAx with the source data specified by <ea>.

28.6.3.3 Store Register (STR)
     cp0st.l   <ea>,#STR+CAx
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The STR command returns the value of CAx to the destination specified by <ea>.

28.6.3.4 Add to Register (ADR)

     cp0ld.l   <ea>,#ADR+CAx

The ADR command adds the source operand specified by <ea> to CAx and stores the
result in CAx.

28.6.3.5 Reverse and Add to Register (RADR)
     cp0ld.l   <ea>,#RADR+CAx

The RADR command performs a byte reverse on the source operand specified by <ea>,
adds that value to CAx, and stores the result in CAx. The table below shows an example.

Table 28-15. RADR command example

Operand CAx before CAx after

0x0102_0304 0xA0B0_C0D0 0xA4B3_C2D1

28.6.3.6 Add Register to Accumulator (ADRA)

     cp0ld.l   #ADRA+CAx

The ADRA command adds CAx to CAA and stores the result in CAA.

28.6.3.7 Exclusive Or (XOR)
     cp0ld.l   <ea>,#XOR+CAx

The XOR command performs an exclusive-or of the source operand specified by <ea>
with CAx and stores the result in CAx.

28.6.3.8 Rotate Left (ROTL)

     cp0ld.l   <ea>,#ROTL+CAx
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ROTL rotates the CAx bits to the left with the result stored back to CAx. The number of
bits to rotate is the value specified by <ea> modulo 32.

28.6.3.9 Move Register to Accumulator (MVRA)

     cp0ld.l   #MVRA+CAx

The MVRA command moves the value from the source register CAx to the destination
register CAA.

28.6.3.10 Move Accumulator to Register (MVAR)
     cp0ld.l   #MVAR+CAx

The MVAR command moves the value from source register CAA to the destination
register CAx.

28.6.3.11 AES Substitution (AESS)
     cp0ld.l   #AESS+CAx

The AESS command performs the AES byte substitution operation on CAx and stores the
result back to CAx.

28.6.3.12 AES Inverse Substitution (AESIS)
     cp0ld.l   #AESIS+CAx

The AESIS command performs the AES inverse byte substitution operation on CAx and
stores the result back to CAx.

28.6.3.13 AES Column Operation (AESC)
     cp0ld.l   <ea>,#AESC+CAx

The AESC command performs the AES column operation on the contents of CAx. It then
performs an exclusive-or of that result with the source operand specified by <ea> and
stores the result in CAx.
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28.6.3.14 AES Inverse Column Operation (AESIC)
     cp0ld.l   <ea>,#AESIC+CAx

The AESIC command performs an exclusive-or operation of the source operand specified
by <ea> on the contents of CAx followed by the AES inverse mix column operation on
that result and stores the result back in CAx.

28.6.3.15 AES Shift Rows (AESR)
     cp0ld.l   #AESR

The AESR command performs the AES shift rows operation on registers CA0, CA1,
CA2, and CA3. The table below shows an example.

Table 28-16. AESR command example

Register Before After

CA0 0x0102_0304 0x0106_0B00

CA1 0x0506_0708 0x050A_0F04

CA2 0x090A_0B0C 0x090E_0308

CA3 0x0D0E_0F00 0x0D02_070C

28.6.3.16 AES Inverse Shift Rows (AESIR)

     cp0ld.l   #AESIR

The AESIR command performs the AES inverse shift rows operation on registers CA0,
CA1, CA2, and CA3. The table below shows an example.

Table 28-17. AESIR command example

Register Before After

CA0 0x0106_0B00 0x0102_0304

CA1 0x050A_0F04 0x0506_0708

CA2 0x090E_0308 0x090A_0B0C

CA3 0x0D02_070C 0x0D0E_0F00

28.6.3.17 DES Round (DESR)
     cp0ld.l   #DESR+{IP}+{FP}+{KSx}

Chapter 28 Cryptographic Acceleration Unit (CAU)

MCF51JG256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 551



The DESR command performs a round of the DES algorithm and a key schedule update
with the following source and destination designations: CA0=C, CA1=D, CA2=L,
CA3=R. If the IP bit is set, DES initial permutation performs on CA2 and CA3 before the
round operation. If the FP bit is set, DES final permutation, that is, inverse initial
permutation, performs on CA2 and CA3 after the round operation. The round operation
uses the source values from registers CA0 and CA1 for the key addition operation. The
KSx field specifies the shift for the key schedule operation to update the values in CA0
and CA1. The following table defines the specific shift function performed based on the
KSx field.

Table 28-18. Key shift function codes

KSx code KSx define Shift function

0 KSL1 Left 1

1 KSL2 Left 2

2 KSR1 Right 1

3 KSR2 Right 2

28.6.3.18 DES Key setup (DESK)

     cp0ld.l   #DESK+{CP}+{DC}

The DESK command performs the initial key transformation, permuted choice 1, defined
by the DES algorithm on CA0 and CA1 with CA0 containing bits 1–32 of the key and
CA1 containing bits 33–64 of the key1 . If the DC bit is set, no shift operation performs
and the values C0 and D0 store back to CA0 and CA1, respectively. The DC bit must be
set for decrypt operations. If the DC bit is not set, a left shift by one also occurs and the
values C1 and D1 store back to CA0 and CA1, respectively. The DC bit should be cleared
for encrypt operations. If the CP bit is set and a key parity error is detected, CASR[DPE]
bit is set; otherwise, it is cleared.

28.6.3.19 Hash Function (HASH)

     cp0ld.l   #HASH+HFx

The HASH command performs a hashing operation on a set of registers and adds that
result to the value in CAA and stores the result in CAA. The specific hash function
performed is based on the HFx field as defined in the table below.

1. The DES algorithm numbers the most significant bit of a block as bit 1 and the least significant as bit 64.

Functional description
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This table uses the following terms:

• ROTRn(CAx): rotate CAx register right n times
• SHRn(CAx): shift CAx register right n times

Table 28-19. Hash Function codes

HFx code HFx define Hash Function Hash logic

0 HFF MD5 F() (CA1 & CA2) | (CA1 & CA3)

1 HFG MD5 G() (CA1 & CA3) | (CA2 & CA3)

2 HFH MD5 H(), SHA Parity() CA1 ^ CA2 ^ CA3

3 HFI MD5 I() CA2 ^ (CA1 | CA3)

4 HFC SHA Ch() (CA1 & CA2) ^ (CA1 & CA3)

5 HFM SHA Maj() (CA1 & CA2) ^ (CA1 & CA3) ^ (CA2 & CA3)

6 HF2C SHA-256 Ch() (CA4 & CA5) ^ (CA1 & CA6)

7 HF2M SHA-256 Maj() (CA0 & CA1) ^ (CA0 & CA2) ^ (CA1 & CA2)

8 HF2S SHA-256 Sigma 0 ROTR2(CA0) ^ ROTR13(CA0) ^ ROTR22(CA0)

9 HF2T SHA-256 Sigma 1 ROTR6(CA4) ^ ROTR11(CA4) ^ ROTR25(CA4)

A HF2U SHA-256 Sigma 0 ROTR7(CA8) ^ ROTR18(CA8) ^ SHR3(CA8)

B HF2V SHA-256 Sigma 1 ROTR17(CA8) ^ ROTR19(CA8) ^ SHR10(CA8)

28.6.3.20 Secure Hash Shift (SHS)

     cp0ld.l   #SHS

The SHS command does a set of parallel register-to-register move and shift operations
for implementing SHA-1. The following source and destination assignments are made:

Register Value prior to command Value after command executes
CA4 CA4 CA3

CA3 CA3 CA2

CA2 CA2 CA1<<<30

CA1 CA1 CA0

CA0 CA0 CAA

CAA CAA CAA<<<5

28.6.3.21 Message Digest Shift (MDS)

     cp0ld.l   #MDS
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The MDS command does a set of parallel register-to-register move operations for
implementing MD5. The following source and destination assignments are made:

Register Value prior to command Value after command executes
CA3 CA3 CA2

CA2 CA2 CA1

CA1 CA1 CAA

CAA CAA CA3

28.6.3.22 Secure Hash Shift 2 (SHS2)

     cp0ld.l   #SHS2

The SHS2 command does an addition and a set of register to register moves in parallel
for implementing SHA-256. The following source and destination assignments are made:

Register Value prior to command Value after command executes
CA7 CA7 CA6

CA6 CA6 CA5

CA5 CA5 CA4

CA4 CA4 CA3+CA8

CA3 CA3 CA2

CA2 CA2 CA1

CA1 CA1 CA0

CA0 CA0 CAA

28.6.3.23 Illegal command (ILL)

     cp0ld.l   #ILL

The ILL command is a specific illegal command that sets CASR[IC]. All other illegal
commands are reserved for use in future implementations.

28.7 Application/initialization information
This section discusses how to initialize and use the CAU.

Application/initialization information
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28.7.1 Code example
A code fragment is shown below as an example of how the CAU is used. This example
shows the round function of the AES algorithm. Core register A0 is pointing to the key
schedule.

     cp0ld.l   #AESS+CA0         ; sub bytes w0
     cp0ld.l   #AESS+CA1         ; sub bytes w1
     cp0ld.l   #AESS+CA2         ; sub bytes w2
     cp0ld.l   #AESS+CA3         ; sub bytes w3
     cp0ld.l   #AESR             ; shift rows
     cp0ld.l   (%a0)+,#AESC+CA0  ; mix col, add key w0
     cp0ld.l   (%a0)+,#AESC+CA1  ; mix col, add key w1
     cp0ld.l   (%a0)+,#AESC+CA2  ; mix col, add key w2
     cp0ld.l   (%a0)+,#AESC+CA3  ; mix col, add key w3

28.7.2 Assembler equate values
The following equates ease programming of the CAU.

; CAU Registers (CAx)
     .set CASR,0x0
     .set CAA,0x1
     .set CA0,0x2
     .set CA1,0x3
     .set CA2,0x4
     .set CA3,0x5
     .set CA4,0x6
     .set CA5,0x7
     .set CA6,0x8
     .set CA7,0x9
     .set CA8,0xA
; CAU Commands
     .set CNOP,0x000
     .set LDR,0x010
     .set STR,0x020
     .set ADR,0x030
     .set RADR,0x040
     .set ADRA,0x050
     .set XOR,0x060
     .set ROTL,0x070
     .set MVRA,0x080
     .set MVAR,0x090
     .set AESS,0x0A0
     .set AESIS,0x0B0
     .set AESC,0x0C0
     .set AESIC,0x0D0
     .set AESR,0x0E0
     .set AESIR,0x0F0
     .set DESR,0x100
     .set DESK,0x110
     .set HASH,0x120
     .set SHS,0x130
     .set MDS,0x140
     .set SHS2,0x150
     .set ILL,0x1F0
; DESR  Fields
     .set IP,0x08         ; initial permutation
     .set FP,0x04         ; final permutation
     .set KSL1,0x00       ; key schedule left 1 bit
     .set KSL2,0x01       ; key schedule left 2 bits
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Chapter 29
Random Number Generator Accelerator (RNGA)

29.1 Introduction
This chapter describes the Random Number Generator Accelerator (RNGA), including a
programming model, functional description, and application information.

29.1.1 Overview
The RNGA module is a digital integrated circuit capable of generating 32-bit random
numbers. The random bits are generated by clocking shift registers with clocks derived
from ring oscillators. The configuration of the shift registers ensures statistically good
data, that is, data that looks random. The oscillators with their unknown frequencies
provide the required entropy needed to create random data.

It is important to note that there is no known cryptographic proof showing that this is a
secure method of generating random data. In fact, there may be an attack against the
random number generator described in this document if its output is used directly in a
cryptographic application (the attack is based on the linearity of the internal shift
registers). In light of this, it is highly recommended that the random data produced by this
module be used as an input seed to a NIST approved (based on DES or SHA-1) Pseudo
Random Number Generator as defined in NIST FIPS PUB 186-2 Appendix 3 and NIST
FIPS PUB SP 800-90. Other sources of entropy be used along with the RNGA to
generate the seed to the pseudorandom algorithm. The more random sources combined to
create the seed, the better. The following is a list of sources that could be easily combined
with the output of this module:

• Current time using highest precision possible.

• Mouse and keyboard motions, or equivalent if being used on a cell phone or PDA.

• Other entropy supplied directly by the user.
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29.2 Modes of operation
Although the RNGA has several modes, only one is intended for use during normal
operation. The Sleep mode is entered by setting the appropriate bit in the RNGA Control
Register.

• Normal mode

In this mode, the RNGA generates random data. Because this is the default mode of
operation, the user is not required to change the mode before requesting random data.

• Sleep mode

In this mode the RNGA's oscillator clocks are shut off. The mode is entered by
writing to the Sleep (SLP) bit in the RNGA Control Register. When in this mode, the
RNGA Output Register will not be loaded.

29.3 Memory map and register definition
This section describes the RNGA registers.

RNG memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_8680 RNGA Control Register (RNG_CR) 32 R/W 0000_0000h 29.3.1/559

FFFF_8684 RNGA Status Register (RNG_SR) 32 R 0001_0000h 29.3.2/560

FFFF_8688 RNGA Entropy Register (RNG_ER) 32
W

(always
reads 0)

0000_0000h 29.3.3/562

FFFF_868C RNGA Output Register (RNG_OR) 32 R 0000_0000h 29.3.4/563

Modes of operation
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29.3.1 RNGA Control Register (RNG_CR)

Immediately after reset, the RNGA begins generating entropy in its internal shift
registers. Random data is not pushed to the RNGA Output Register until the GO bit in the
RNGA Control register is set. After this, a random 32-bit word is pushed to the RNGA
Output Register every 256 system clock cycles. If the RNGA Output Register is full, then
no push will occur. In this way, the RNGA Output Register is kept as close to full as
possible.

Address: FFFF_8680h base + 0h offset = FFFF_8680h

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

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R 0
SLP

0
INTM HA GO

W CLRI

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RNG_CR field descriptions

Field Description

31–5
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

4
SLP

Sleep

The RNGA can be placed in low-power mode by either asserting the module input, or by setting this bit. If
either of these conditions are met, the oscillators are disabled. Clearing this bit causes the RNGA to exit
Sleep mode. The RNGA Output Register is not pushed while the RNGA is in Sleep mode.

0 RNGA is not in Sleep mode.
1 RNGA is in Sleep mode.

3
CLRI

Clear Interrupt

Writing a one to this bit clears the error interrupt as well as the error status bit (ERRI) in the RNGA Status
Register. The bit is self clearing.

0 Do not clear the interrupt.
1 Clear the interrupt.

2
INTM

Interrupt Mask

This bit masks the error interrupt.

0 Interrupt is enabled.
1 Interrupt is masked.

Table continues on the next page...
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RNG_CR field descriptions (continued)

Field Description

1
HA

High Assurance

While this bit is high, a read of the RNGA Output Register while empty causes a security violation. This bit
enables security violation bit (SECV) in the RNGA Status Register. This bit is sticky and can only be
cleared through a hardware reset.

0 Notification of security violations is enabled.
1 Notification of security violations is masked.

0
GO

This bit must be set before the RNGA begins loading data into the RNGA Output Register. This bit is
sticky and can only be cleared by a hardware reset . Setting this bit does not bring the RNGA out of Sleep
mode. Furthermore, this bit does not need to be reset after exiting Sleep mode.

0 RNGA Output Register is not loaded with random data.
1 RNGA Output Register is loaded with random data.

29.3.2 RNGA Status Register (RNG_SR)

The RNGA Status Register is a read only register that reflects the internal status of the
RNGA.

Address: FFFF_8680h base + 4h offset = FFFF_8684h

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

R 0 OREG_SIZE

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

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

R OREG_LVL 0 SLP

E
R

R
I

O
R

U

LRS

S
E

C
V

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Memory map and register definition
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RNG_SR field descriptions (continued)

Field Description
0 No security violations have occured or the High Assurance bit (HA) in the RNGA Control Register is

not set.
1 A security violation has occurred.

29.3.3 RNGA Entropy Register (RNG_ER)

The RNGA Entropy Register is a write-only register that allows the user to insert entropy
into the RNGA. This register allows an external user to continually seed the RNGA with
externally generated random data. Although the use of this register is recommended, it is
also optional. The RNGA Entropy Register can be written at any time during operation.

Address: FFFF_8680h base + 8h offset = FFFF_8688h

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

R 0

W EXT_ENT

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RNG_ER field descriptions

Field Description

31–0
EXT_ENT

External Entropy

A write to this register allows the user to introduce 32 bits of entropy to the internal state of RNGA. Eight
writes are required to introduce 256 bits of external entropy.

Memory map and register definition
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29.3.4 RNGA Output Register (RNG_OR)

The RNGA Output Register provides temporary storage for random data generated by the
RNGA. As long as the RNGA Output Register is not empty, a read of this address will
return 32 bits of random data. If the RNGA Output Register is read when it is empty,
Error Interrupt (ERRI), Output Register Underflow (ORU), and Last Read Staus (LRS)
bits in the RNGA Status Register are set. If the interrupt is enabled in the RNGA Control
Register, an interrupt is triggered to the interrupt controller The RNGA Output Register
Level field in the RNGA Status Register can be polled to monitor how many 32-bit
words currently resides in the RNGA Output Register. When in Normal mode, a new
random word is pushed into the RNGA Output Register every 256 system clock cycles
(as long as the RNGA Output Register is not full). Polling the RNGA Status Register is
very important to make sure random values are present before reading from the RNGA
Output Register.

Address: FFFF_8680h base + Ch offset = FFFF_868Ch

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

R RANDOUT

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RNG_OR field descriptions

Field Description

31–0
RANDOUT

Random Output

32-bits of Random Data

29.4 Functional description
The following figure shows the RNGA has three functional blocks: output FIFO, internal
bus interface, and the RNGA core/control logic blocks. The following sections describe
these blocks in more detail.
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Figure 29-5. RNGA block diagram

29.4.1 RNGA Output Register
The RNGA Output Register provides temporary storage for random data generated by the
RNGA Core/Control Logic block. The RNGA status register allows the user to monitor
the number of random words in the RNGA Output Register through the RNGA Output
Register Level field. If the user reads from the RNGA Output Register when it is empty
and the interrupt is enabled, the RNGA drives an interrupt request to the interrupt
controller . Polling the RNGA Status Register is very important to make sure random
values are present before reading from the RNGA Output Register.

29.4.2 RNGA Core/Control Logic Block
This block contains the RNGA's Control Logic as well as its Core Engine used to
generate random data.

29.4.2.1 RNGA Control Block

The Control Block contains the address decoder, all addressable registers, and control
state machines for the RNGA. This block is responsible for communication with both the
peripheral interface and the RNGA Output Register interface. The block also controls the
Core Engine to generate random data. The general functionality of the block is as
follows. After reset, entropy is generated and stored in the RNGA's shift registers. After
the GO bit is set in the RNGA Control Register, the RNGA Output Register is loaded
with a random word every 256 system clock cycles. The process of loading the RNGA
Output Register continues as long as the RNGA Output Register is not full.

Functional description

MCF51JG256 Reference Manual, Rev. 1, 01/2013

564 Freescale Semiconductor, Inc.



29.4.2.2 Core Engine

The Core Engine Block contains the logic used to generate random data. The logic within
the Core Engine contains the internal shift registers as well as the logic used to generate
the two oscillator-based clocks. The Control Block controls how the shift registers are
configured as well as when the oscillator clocks are turned on.

29.5 Initialization/application information
The intended general operation of the RNGA is as follows:

1. Reset/initialize

2. Write to the RNGA Control Register and set the Interrupt Mask (INTM), High
Assurance (HA), and GO bits.

3. Poll the RNGA Status Register for RNGA Output Register Level

4. Read available random data from the RNGA Output Register

5. Repeat steps 3 and 4 as needed
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Chapter 30
Cyclic Redundancy Check (CRC)

30.1 Introduction
The cyclic redundancy check (CRC) module generates 16/32-bit CRC code for error
detection.

The CRC module provides a programmable polynomial, WAS, and other parameters
required to implement a 16-bit or 32-bit CRC standard.

The 16/32-bit code is calculated for 32 bits of data at a time.

30.1.1 Features
Features of the CRC module include:

• Hardware CRC generator circuit using a 16-bit or 32-bit programmable shift register

• Programmable initial seed value and polynomial

• Option to transpose input data or output data (the CRC result) bitwise or bytewise.
This option is required for certain CRC standards. A bytewise transpose operation is
not possible when accessing the CRC data register via 8-bit accesses. In this case, the
user's software must perform the bytewise transpose function.

• Option for inversion of final CRC result

• 32-bit CPU register programming interface

30.1.2 Block diagram
The following is a block diagram of the CRC.
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Figure 30-1. Programmable cyclic redundancy check (CRC) block diagram

30.1.3 Modes of operation
Various MCU modes affect the CRC module's functionality.

30.1.3.1 Run mode

This is the basic mode of operation.

30.1.3.2 Low-power modes (Wait or Stop)

Any CRC calculation in progress stops when the MCU enters a low-power mode that
disables the module clock. It resumes after the clock is enabled or via the system reset for
exiting the low-power mode. Clock gating for this module is MCU dependent.

30.2 Memory map and register descriptions
CRC memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_83C0 CRC Data register (CRC_DATA) 32 R/W FFFF_FFFFh 30.2.1/569

FFFF_83C4 CRC Polynomial register (CRC_GPOLY) 32 R/W 0000_1021h 30.2.2/570

FFFF_83C8 CRC Control register (CRC_CTRL) 32 R/W 0000_0000h 30.2.3/570

Memory map and register descriptions
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30.2.1 CRC Data register (CRC_DATA)

The CRC Data register contains the value of the seed, data, and checksum. When
CTRL[WAS] is set, any write to the data register is regarded as the seed value. When
CTRL[WAS] is cleared, any write to the data register is regarded as data for general CRC
computation.

In 16-bit CRC mode, the HU and HL fields are not used for programming the seed value,
and reads of these fields return an indeterminate value. In 32-bit CRC mode, all fields are
used for programming the seed value.

When programming data values, the values can be written 8 bits, 16 bits, or 32 bits at a
time, provided all bytes are contiguous; with MSB of data value written first.

After all data values are written, the CRC result can be read from this data register. In 16-
bit CRC mode, the CRC result is available in the LU and LL fields. In 32-bit CRC mode,
all fields contain the result. Reads of this register at any time return the intermediate CRC
value, provided the CRC module is configured.

Address: FFFF_83C0h base + 0h offset = FFFF_83C0h

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

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

CRC_DATA field descriptions

Field Description

31–24
HU

CRC High Upper Byte

In 16-bit CRC mode (CTRL[TCRC] is 0) this field is not used for programming a seed value. In 32-bit CRC
mode (CTRL[TCRC] is 1) values written to this field are part of the seed value when CTRL[WAS] is 1.
When CTRL[WAS] is 0, data written to this field is used for CRC checksum generation in both 16-bit and
32-bit CRC modes.

23–16
HL

CRC High Lower Byte

In 16-bit CRC mode (CTRL[TCRC] is 0), this field is not used for programming a seed value. In 32-bit CRC
mode (CTRL[TCRC] is 1), values written to this field are part of the seed value when CTRL[WAS] is 1.
When CTRL[WAS] is 0, data written to this field is used for CRC checksum generation in both 16-bit and
32-bit CRC modes.

15–8
LU

CRC Low Upper Byte

When CTRL[WAS] is 1, values written to this field are part of the seed value. When CTRL[WAS] is 0, data
written to this field is used for CRC checksum generation.

7–0
LL

CRC Low Lower Byte

When CTRL[WAS] is 1, values written to this field are part of the seed value. When CTRL[WAS] is 0, data
written to this field is used for CRC checksum generation.
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30.2.2 CRC Polynomial register (CRC_GPOLY)

This register contains the value of the polynomial for the CRC calculation. The HIGH
field contains the upper 16 bits of the CRC polynomial, which are used only in 32-bit
CRC mode. Writes to the HIGH field are ignored in 16-bit CRC mode. The LOW field
contains the lower 16 bits of the CRC polynomial, which are used in both 16- and 32-bit
CRC modes.

Address: FFFF_83C0h base + 4h offset = FFFF_83C4h

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

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 1

CRC_GPOLY field descriptions

Field Description

31–16
HIGH

High Polynominal Half-word

Writable and readable in 32-bit CRC mode (CTRL[TCRC] is 1). This field is not writable in 16-bit CRC
mode (CTRL[TCRC] is 0).

15–0
LOW

Low Polynominal Half-word

Writable and readable in both 32-bit and 16-bit CRC modes.

30.2.3 CRC Control register (CRC_CTRL)

This register controls the configuration and working of the CRC module. Appropriate bits
must be set before starting a new CRC calculation. A new CRC calculation is initialized
by asserting CTRL[WAS] and then writing the seed into the CRC data register.

Address: FFFF_83C0h base + 8h offset = FFFF_83C8h

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

R

TOT TOTR

0

FXOR WAS

TC
R

C

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Memory map and register descriptions
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CRC_CTRL field descriptions

Field Description

31–30
TOT

Type Of Transpose For Writes

Define the transpose configuration of the data written to the CRC data register. See the description of the
transpose feature for the available transpose options.

00 No transposition.
01 Bits in bytes are transposed; bytes are not transposed.
10 Both bits in bytes and bytes are transposed.
11 Only bytes are transposed; no bits in a byte are transposed.

29–28
TOTR

Type Of Transpose For Read

Identify the transpose configuration of the value read from the CRC Data register. See the description of
the transpose feature for the available transpose options.

00 No transposition.
01 Bits in bytes are transposed; bytes are not transposed.
10 Both bits in bytes and bytes are transposed.
11 Only bytes are transposed; no bits in a byte are transposed.

27
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

26
FXOR

Complement Read Of CRC Data Register

Some CRC protocols require the final checksum to be XORed with 0xFFFFFFFF or 0xFFFF. Asserting
this bit enables on the fly complementing of read data.

0 No XOR on reading.
1 Invert or complement the read value of the CRC Data register.

25
WAS

Write CRC Data Register As Seed

When asserted, a value written to the CRC data register is considered a seed value. When deasserted, a
value written to the CRC data register is taken as data for CRC computation.

0 Writes to the CRC data register are data values.
1 Writes to the CRC data register are seed values.

24
TCRC

Width of CRC protocol.

0 16-bit CRC protocol.
1 32-bit CRC protocol.

23–0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

30.3 Functional description
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30.3.1 CRC initialization/reinitialization
To enable the CRC calculation, the user must program the WAS, POLYNOMIAL, and
necessary parameters for transpose and CRC result inversion in the applicable registers.
Asserting CTRL[WAS] enables the programming of the seed value into the CRC data
register.

After a completed CRC calculation, reasserting CTRL[WAS] and programming a seed,
whether the value is new or a previously used seed value, reinitialize the CRC module for
a new CRC computation. All other parameters must be set before programming the seed
value and subsequent data values.

30.3.2 CRC calculations
In 16-bit and 32-bit CRC modes, data values can be programmed 8 bits, 16 bits, or 32 bits
at a time, provided all bytes are contiguous. Noncontiguous bytes can lead to an incorrect
CRC computation.

30.3.2.1 16-bit CRC

To compute a 16-bit CRC:

1. Clear CTRL[TCRC] to enable 16-bit CRC mode.
2. Program the transpose and complement options in the CTRL register as required for

the CRC calculation. See Transpose feature and CRC result complement for details.
3. Write a 16-bit polynomial to the GPOLY[LOW] field. The GPOLY[HIGH] field is

not usable in 16-bit CRC mode.
4. Set CTRL[WAS] to program the seed value.
5. Write a 16-bit seed to CRC[LU:LL]. CRC[HU:HL] are not used.
6. Clear CTRL[WAS] to start writing data values.
7. Write data values into CRC[HU:HL:LU:LL]. A CRC is computed on every data

value write, and the intermediate CRC result is stored back into CRC[LU:LL].
8. When all values have been written, read the final CRC result from CRC[LU:LL].

Transpose and complement operations are performed on the fly while reading or writing
values. See Transpose feature and CRC result complement for details.

30.3.2.2 32-bit CRC

To compute a 32-bit CRC:

Functional description
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1. Set CTRL[TCRC] to enable 32-bit CRC mode.
2. Program the transpose and complement options in the CTRL register as required for

the CRC calculation. See Transpose feature and CRC result complement for details.
3. Write a 32-bit polynomial to GPOLY[HIGH:LOW].
4. Set CTRL[WAS] to program the seed value.
5. Write a 32-bit seed to CRC[HU:HL:LU:LL].
6. Clear CTRL[WAS] to start writing data values.
7. Write data values into CRC[HU:HL:LU:LL]. A CRC is computed on every data

value write, and the intermediate CRC result is stored back into
CRC[HU:HL:LU:LL].

8. When all values have been written, read the final CRC result from
CRC[HU:HL:LU:LL]. The CRC is calculated bytewise, and two clocks are required
to complete one CRC calculation.

Transpose and complement operations are performed on the fly while reading or writing
values. See Transpose feature and CRC result complement for details.

30.3.3 Transpose feature
By default, the transpose feature is not enabled. However, some CRC standards require
the input data and/or the final checksum to be transposed. The user software has the
option to configure each transpose operation separately, as desired by the CRC standard.
The data is transposed on the fly while being read or written.

Some protocols use little endian format for the data stream to calculate a CRC. In this
case, the transpose feature usefully flips the bits. This transpose option is one of the types
supported by the CRC module.

30.3.3.1 Types of transpose

The CRC module provides several types of transpose functions to flip the bits and/or
bytes, for both writing input data and reading the CRC result, separately using the
CTRL[TOT] or CTRL[TOTR] fields, according to the CRC calculation being used.

The following types of transpose functions are available for writing to and reading from
the CRC data register:

1. CTRL[TOT] or CTRL[TOTR] is 00

No transposition occurs.

2. CTRL[TOT] or CTRL[TOTR] is 01
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NOTE
For 8-bit and 16-bit write accesses to the CRC data register, the
data is transposed with zeros on the unused byte or bytes
(taking 32 bits as a whole), but the CRC is calculated on the
valid byte(s) only. When reading the CRC data register for a
16-bit CRC result and using transpose options 10 and 11, the
resulting value after transposition resides in the CRC[HU:HL]
fields. The user software must account for this situation when
reading the 16-bit CRC result, so reading 32 bits is preferred.

30.3.4 CRC result complement
When CTRL[FXOR] is set, the checksum is complemented. The CRC result complement
function outputs the complement of the checksum value stored in the CRC data register
every time the CRC data register is read. When CTRL[FXOR] is cleared, reading the
CRC data register accesses the raw checksum value.
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Chapter 31
Miscellaneous and Error Status Module (MESM)

31.1 Introduction
The error detecting code (EDC) improves the fault tolerance and reliability of the internal
RAM. The miscellaneous and error status module (MESM) provides the logic and
programming model for system software to configure and collect information on memory
errors reported by EDC as well as basic platform configuration information.

31.1.1 Overview
This device implements a parity check code in the on-chip RAM to detect single bit
errors. The MESM provides a set of registers that configure the operation of the parity
check logic and report any EDC errors. System software may configure the device for
regions of RAM to be protected with the EDC and then query a set of read-only status
and information registers for details on any errors that have been detected.

The RAM controller implements a nibble-wide parity check code, that is, there is a single
parity bit for every 4 bits of data. This type of parity check provides protection against
failures in an odd number of bits (1,3,...) but even numbers (2,4,...) in error are
undetected. It is the simplest and lowest cost of any error detection code. An alternating
scheme of even and odd parity bits is implemented to provide improved detection
capabilities against certain classes of RAM failures.

The terms even and odd parity are defined such that the total number of "1" bits in the
concatenation of the data field and associated parity bit are even or odd. For this device,
the parity check is defined as follows, where PCHECK[7:0] is the parity check bits
associated with the RAM:

                   PCHECK[7] is the even parity check bit associated with RAM[31:28]
                   PCHECK[6] is the odd parity check bit associated with RAM[27:24]
                   PCHECK[5] is the even parity check bit associated with RAM[23:20]
                   PCHECK[4] is the odd parity check bit associated with RAM[19:16]
                   PCHECK[3] is the even parity check bit associated with RAM[15:12]
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Figure 31-1. V1 ColdFire Core Platform with DMA + MESM Block Diagram

A simplified block diagram of the platform RAM controller with parity support is shown
in the following figure.
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Figure 31-2. Simplified Platform RAM Controller with Parity Block Diagram

31.1.2 Features
The key features of the MESM include:

• Read-only static core platform configuration information

• Programmable configuration for enabling RAM single bit error detection

• Programmable support for error reporting: bus error terminations and/or alert
interrupt

• Read-only fault status registers containing address, attributes and data from faulting
RAM read

• Programmable support for software insertion of single bit errors to "check the
checkers"

• Memory-mapped device connected to a 32-bit slave peripheral (IPS) bus

Introduction
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• All programming model references must be supervisor mode

31.1.3 Modes of Operation
The MESM module does not support any special modes of operation. Its operation is
primarily defined by EDC events detected by the RAM controller which are configured
by MESM register bits. Additionally, as a memory-mapped device located on the
platform's slave peripheral bus, it responds based strictly on memory addresses for
accesses to its programming model and only allows supervisor mode references.

The MESM module resides in the platform's clock domain; this includes its
interconnection with the RAM controller and the slave peripheral bus.

31.2 External Signal Description
The MESM module does not directly support any external interfaces.

31.3 Memory Map and Register Definition
The MESM module supports a compact 32-byte software programming model, split into
three sections: read-only platform configuration, the EDC control and status registers,
and the captured fault registers.

The programming model can only be referenced with supervisor mode accesses;
attempted references in user mode are terminated with an error as are attempted writes to
read-only registers. Additionally, the supervisor mode references can be made with any
operand size (byte, word, longword), although performance is typically maximized by
referencing the registers using their natural size.

MESM memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_E800 MESM Platform Configuration Register 0
(MESM_PLTCFG0) 32 R CF10_0000h 31.3.1/582

FFFF_E804 MESM Platform Configuration Register 1
(MESM_PLTCFG1) 32 R F000_D000h 31.3.2/583

FFFF_E808 MESM Error Detecting Code Control Register
(MESM_EDCCR) 32 R/W 0000_0000h 31.3.3/584

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

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_E80C MESM Error Detecting Code Status Register
(MESM_EDCSR) 32 R/W 0000_0000h 31.3.4/586

FFFF_E810 MESM Parity Error Generation Register (MESM_PEGR) 32 R/W Undefined 31.3.5/587

FFFF_E814 MESM Fault Address Register (MESM_FADR) 32 R Undefined 31.3.6/589

FFFF_E818 MESM Fault Attribute Register (MESM_FATR) 32 R Undefined 31.3.7/590

FFFF_E81C MESM Fault Read Data Register (MESM_FRDR) 32 R Undefined 31.3.8/592

31.3.1 MESM Platform Configuration Register 0 (MESM_PLTCFG0)

This register contains two 16-bit read-only status fields providing information on the
processor core type and the platform hardware revision. Attempted writes to this location
are terminated with an error.

Address: FFFF_E800h base + 0h offset = FFFF_E800h

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

R PCT PLREV

W

Reset 1 1 0 0 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MESM_PLTCFG0 field descriptions

Field Description

31–16
PCT

Processor Core Type.

This field provides a read-only value defining the processor as a Version 1 ColdFire core: 0xCF10.

15–0
PLREV

Platform Revision.

This read-only field is specified by a platform input signal to define a software-visible revision number.

Memory Map and Register Definition
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31.3.2 MESM Platform Configuration Register 1 (MESM_PLTCFG1)

This register contains two 16-bit read-only status fields providing information on the
AHB crossbar switch (AXBS) configuration. The AMC is a 16-bit read-only field
identifying the presence/absence of crossbar bus master connectionls while the ASC is a
16-bit read-only value identifying the presence/absence of crossbar slave connections.
Attempted writes to this location are terminated with an error.

Address: FFFF_E800h base + 4h offset = FFFF_E804h

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

R AMC[0:7] 0 ASC[0:7] 0

W

Reset 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0

MESM_PLTCFG1 field descriptions

Field Description

31–24
AMC[0:7]

AXBS Master Configuration

These bits represent the bit map defining the presence of bus masters connected to the crossbar switch.
For this device, the AMC field is 0xFO.

AMC[n] = 0 If a bus master connection to AXBS input port 'n' is absent.
AMC[n] = 1 If a bus master connection to AXBS input port 'n' is present.

23–16
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

15–8
ASC[0:7]

AXBS Slave Configuration

These bits represent the bit map defining the presence of bus slaves connected to the crossbar switch.
For this device, the ASC field is 0xD0.

ASC[n] = 0 If a bus slave connection to AXBS output port 'n' is absent.
ASC[n] = 1 If a bus slave connection to AXBS output port 'n' is present.

7–0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.
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31.3.3 MESM Error Detecting Code Control Register (MESM_EDCCR)

This register defines the configuration of the device's RAM error detecting code. It
includes configuration fields enabling parity checking on reads, parity generation on
writes, the response to the detection of a properly-enabled read parity error, and so on. If
EDCCR[RO] = 1, this register can only be read and attempted writes are terminated with
an error.

Address: FFFF_E800h base + 8h offset = FFFF_E808h

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

R

RPCE[0:7]
0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R 0

RO

0

W
P

G
E 0

B
E

R
R

E

PEAE
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MESM_EDCCR field descriptions

Field Description

31–24
RPCE[0:7]

Read Parity Check Enable n.

This field provides enable bits for the RAM read parity check on each 8 KB address space. If the bit is
cleared, parity checking on reads to the selected RAM address space is disabled, else it is enabled.

RPCEn = 0 Disables the parity checking on reads in the selected RAM address space
RPCE0 = 1 Enables parity checking on reads in RAM space 0x0080_0000 - 0x0080_1FFF
RPCE1 = 1 Enables parity checking on reads in RAM space 0x0080_2000 - 0x0080_3FFF
RPCE2 = 1 Enables parity checking on reads in RAM space 0x0080_4000 - 0x0080_5FFF
RPCE3 = 1 Enables parity checking on reads in RAM space 0x0080_6000 - 0x0080_7FFF
RPCE4 = 1 Enables parity checking on reads in RAM space 0x0080_8000 - 0x0080_9FFF
RPCE5 = 1 Enables parity checking on reads in RAM space 0x0080_A000 - 0x0080_BFFF
RPCE6 = 1 Enables parity checking on reads in RAM space 0x0080_C000 - 0x0080_5DFF
RPCE7 = 1 Enables parity checking on reads in RAM space 0x0080_E000 - 0x0080_FFFF

23–8
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

7
RO

Read Only.

This bit is intended to prevent accidental writes of the EDCCR from changing the defined RAM parity
configuration.

Table continues on the next page...
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31.3.4 MESM Error Detecting Code Status Register (MESM_EDCSR)

This register contains the status of the device's RAM error detecting code. It includes bit
fields reporting on detected read parity errors, the EDC alert interrupt, and so on.

Address: FFFF_E800h base + Ch offset = FFFF_E80Ch

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

R RPED[0:7] 0

W w1c

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R 0 0 0

P
E

O
V

R

0 PEA

W w1c w1c

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MESM_EDCSR field descriptions

Field Description

31–24
RPED[0:7]

Read Parity Error Detected n.

This field provides status bits signaling a properly-enabled RAM read parity error has been detected in the
corresponding 8 KB address space. The bits in this field are set by the hardware and the entire field
cleared whenever system software writes 1 to the PEA bit.

RPEDn = 0 indicates a read parity error has not been detected in the corresponding RAM address space.
RPED0 = 1 indicates a parity error in the RAM space 0x0080_0000 - 0x0080_1FFF
RPED1 = 1 indicates a parity error in the RAM space 0x0080_2000 - 0x0080_3FFF
RPED2 = 1 indicates a parity error in the RAM space 0x0080_4000 - 0x0080_5FFF
RPED3 = 1 indicates a parity error in the RAM space 0x0080_6000 - 0x0080_7FFF
RPED4 = 1 indicates a parity error in the RAM space 0x0080_8000 - 0x0080_9FFF
RPED5 = 1 indicates a parity error in the RAM space 0x0080_A000 - 0x0080_BFFF
RPED6 = 1 indicates a parity error in the RAM space 0x0080_C000 - 0x0080_5DFF
RPED7 = 1 indicates a parity error in the RAM space 0x0080_E000 - 0x0080_FFFF

23–8
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

Table continues on the next page...
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This register can only be written as a 32-bit quantity with a data value of
0x0000_{0,8}0{ERRBIT less than 40}. This provides some protection against accidental
updates to this register. Any attempted write with a smaller reference size (byte, word) or
with an “illegal” ERRBIT value is terminated with an error and the register unchanged.

To minimize any unintended system implications, the FRC1BE control bit can be cleared
by software or in response to system events. Specifically, the FRC1BE bit can be cleared
through the following methods:

1. System software writes the PEGR with a logical zero for data bit 15;
2. The processor begins any type of exception processing - this includes any interrupt

exception, bus error, or any type of internal fault;
3. MESM detects a read parity error.

Address: FFFF_E800h base + 10h offset = FFFF_E810h

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

R 0

W

Reset x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x*

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

R

FR
C

1B
E 0

ERRBIT
W

Reset x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

MESM_PEGR field descriptions

Field Description

31–16
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

15
FRC1BE

Force 1-bit Error.

When this flag is set and EDCCR[WPGE] = 1, the write data value has one bit inverted to introduce a
parity error. The data bit to be inverted is specified by ERRBIT[5:0]. If the RAM write size is byte or word,
then the error is only introduced if the ERRBIT is contained within the memory byte(s) being updated.

The data bit inversion is performed on every RAM write while FRC1BE = 1 and EDCCR[WPGE] = 1.

This bit can be cleared by 3 mechanisms: a software write to the bit with a logical zero data value,
processor initiation of any type of exception processing, and MESM detection of a read parity error.

14–6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

Table continues on the next page...
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MESM_PEGR field descriptions (continued)

Field Description

5–0
ERRBIT

Error Bit.

This vector defines the bit position which is complemented to create the data inversion on the RAM write
operation.

The RAM controller follows a vector bit ordering scheme where LSB=0. Errors in the parity check bits can
be generated by setting this field to a value greater than the RAM width. The association between the
ERRBIT field and the corrupted memory bit is shown below.

ERRBIT values greater than 39 are illegal and attempted writes with these values are terminated with an
error and the register unchanged.

NOTE: PCHECK[7:0] are the parity check bits.

if ERRBIT = 0, then RAM[0] is inverted
if ERRBIT = 1, then RAM[1] is inverted
....
if ERRBIT = 31, then RAM[31] is inverted
if ERRBIT = 32, then PCHECK[0] covering RAM[3: 0] is inverted
if ERRBIT = 33, then PCHECK[1] covering RAM[7: 4] is inverted
if ERRBIT = 34, then PCHECK[2] covering RAM[11: 8] is inverted
if ERRBIT = 35, then PCHECK[3] covering RAM[15:12] is inverted
if ERRBIT = 36, then PCHECK[4] covering RAM[19:16] is inverted
if ERRBIT = 37, then PCHECK[5] covering RAM[23:20] is inverted
if ERRBIT = 38, then PCHECK[6] covering RAM[27:24] is inverted
if ERRBIT = 39, then PCHECK[7] covering RAM[31:28] is inverted

31.3.6 MESM Fault Address Register (MESM_FADR)

When a properly-enabled RAM read parity error is detected, the faulting address is
captured in the read-only FADR register. The MESM logic supports capturing a single
parity error event; if a subsequent error is detected before the captured error information
has been read from the corresponding registers, the EDCSR[PEOVR] flag is set but no
additional information is captured. The bits in this register are set by the hardware and
signaled by the assertion of EDCSR[PEA].

Address: FFFF_E800h base + 14h offset = FFFF_E814h

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

R FLTADDR

W

Reset x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•
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MESM_FADR field descriptions

Field Description

31–0
FLTADDR

Fault Address.

This field defines the access address when a properly-enabled RAM read parity error is detected.

Since parity checking is only supported on the device’s RAM, the field is always in the form
0x(00)80_xxxx.

31.3.7 MESM Fault Attribute Register (MESM_FATR)

When a properly-enabled RAM read parity error is detected, the faulting attributes are
captured in the read-only FATR register. The MESM logic supports capturing a single
parity error event; if a subsequent error is detected before the captured error information
has been read from the corresponding registers, the EDCSR[PEOVR] flag is set but no
additional information is captured.

This register includes multiple fields: the bus master number and access attributes from
the faulting RAM reference, the error syndrome defining the data nibble(s) in error and
the parity check bits read from memory. The bits in this register are set by the hardware
and signaled by the assertion of EDCSR[PEA].

Address: FFFF_E800h base + 18h offset = FFFF_E818h

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

R PESYND PCHECK

W

Reset x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x*

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

R 0 PEMN

P
E

W
T

0 PESZ 0

P
E

S
M

P
E

D
A

W

Reset x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x*

* Notes:
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x = Undefined at reset.•

MESM_FATR field descriptions

Field Description

31–24
PESYND

Parity Error Syndrome.

This field signals the detection of a properly-enabled RAM read parity error(s). There is a flag for each of
the 8 nibble parity checks. If multiple parity errors in a single RAM read are detected, multiple bits in this
field are set.

PESYNDn = 0 signals a read parity error has not been detected in the RAM nibble
PESYND7 = 1 signals a read parity error was detected in RAM[31:28]
PESYND6 = 1 signals a read parity error was detected in RAM[27:24]
PESYND5 = 1 signals a read parity error was detected in RAM[23:20]
PESYND4 = 1 signals a read parity error was detected in RAM[19:16]
PESYND3 = 1 signals a read parity error was detected in RAM[15:12]
PESYND2 = 1 signals a read parity error was detected in RAM[11:8]
PESYND1 = 1 signals a read parity error was detected in RAM[7:4]
PESYND0 = 1 signals a read parity error was detected in RAM[3:0]

23–16
PCHECK

Parity Check Bits.

These are the “raw” nibble parity check bits read from the RAM on the faulting access.

PCHECK7 is the even parity check bit associated with RAM[31:28]
PCHECK6 is the odd parity check bit associated with RAM[27:24]
PCHECK5 is the even parity check bit associated with RAM[23:20]
PCHECK4 is the odd parity check bit associated with RAM[19:16]
PCHECK3 is the even parity check bit associated with RAM[15:12]
PCHECK2 is the odd parity check bit associated with RAM[11: 8]
PCHECK1 is the even parity check bit associated with RAM[ 7: 4]
PCHECK0 is the odd parity check bit associated with RAM[ 3: 0]

15–12
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

11–8
PEMN

Parity Error Master Number

This 4-bit field contains the crossbar bus master number of the captured RAM read parity error.

7
PEWT

Parity Error Write.

This bit signals the type of RAM access when the parity error was detected. Since the parity check is only
performed on RAM reads, this bit is always a logical zero.

6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5–4
PESZ

Parity Error Size.

This field signals the size of the RAM access when the parity error was detected.

00 8-bit access
01 16-bit access
10 32-bit access
11 Reserved

Table continues on the next page...
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MESM_FATR field descriptions (continued)

Field Description

3–2
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

1
PESM

Parity Error Supervisor Mode.

This flag signals the mode of the RAM access when the parity error was detected.

0 User mode
1 Supervisor mode

0
PEDA

Parity Error Data Access.

This flag signals the type of RAM access when the parity error was detected.

0 Instruction Fetch
1 Data

31.3.8 MESM Fault Read Data Register (MESM_FRDR)

When a properly-enabled RAM read parity error is detected, the faulting data is captured
in the read-only FRDR register. The MESM logic supports capturing a single parity error
event; if a subsequent error is detected before the captured error information has been
read from the corresponding registers, the EDCSR[PEOVR] flag is set but no additional
information is captured. The bits in this register are set by the hardware and signaled by
the assertion of EDCSR[PEA].

Address: FFFF_E800h base + 1Ch offset = FFFF_E81Ch

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

R FLTDATA

W

Reset x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

MESM_FRDR field descriptions

Field Description

31–0
FLTDATA

Fault Data.

This field defines the access data when a properly-enabled RAM read parity error is detected.

The “raw” parity check bits associated with the read parity error are captured in FATR[PCHECK].

Memory Map and Register Definition
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31.4 Functional Description
This section provides details on basic functionality associated with the RAM parity logic
and the relative timing of RAM reads which detect single bit errors.

31.4.1 Nibble Parity Generation and Checking
The RAM controller implements a nibble-wide parity check code, that is, there is a single
parity bit for every 4 bits of data. An alternating scheme of even and odd parity bits is
implemented to provide improved detection capabilities against certain classes of RAM
failures. The terms even and odd parity are defined such that the total number of "1" bits
in the concatenation of the data field and associated parity bit are even or odd. For this
device, the parity check is defined as follows, where PCHECK[7:0] is the parity check
bits associated with the 32-bit RAM:

       PCHECK[7] is the even parity check bit associated with RAM[31:28]
       PCHECK[6] is the  odd parity check bit associated with RAM[27:24]
       PCHECK[5] is the even parity check bit associated with RAM[23:20]
       PCHECK[4] is the  odd parity check bit associated with RAM[19:16]
       PCHECK[3] is the even parity check bit associated with RAM[15:12]
       PCHECK[2] is the  odd parity check bit associated with RAM[11: 8]
       PCHECK[1] is the even parity check bit associated with RAM[ 7: 4]
       PCHECK[0] is the  odd parity check bit associated with RAM[ 3: 0]

Consider the following RTL description of the Boolean equations related to the nibble
parity generation and check functions. In the following description, the signal names
represent:
wdata[31:0]               // write data to ram
      wpcheck[7:0]              // write data parity check bits to ram
      rdata[31:0]               // data read from ram
      rpcheck[7:0]              // parity check bits read from ram
      parity_err_syndrome[7:0]  // nibble parity check results
      read_parity_error         // logical summation of nibble parity check results
//******************************************************************************
// nibble parity generation on ram write data
// the  odd pcheck[*] bit numbers implement even parity
// the even pcheck[*] bit numbers implement  odd parity
wpcheck[7]      = (wdata[31]    ^  wdata[30]    ^  wdata[29]    ^  wdata[28]),
wpcheck[6]      =~(wdata[27]    ^  wdata[26]    ^  wdata[25]    ^  wdata[24]),
wpcheck[5]      = (wdata[23]    ^  wdata[22]    ^  wdata[21]    ^  wdata[20]),
wpcheck[4]      =~(wdata[19]    ^  wdata[18]    ^  wdata[17]    ^  wdata[16]),
wpcheck[3]      = (wdata[15]    ^  wdata[14]    ^  wdata[13]    ^  wdata[12]),
wpcheck[2]      =~(wdata[11]    ^  wdata[10]    ^  wdata[9]     ^  wdata[8]),
wpcheck[1]      = (wdata[7]     ^  wdata[6]     ^  wdata[5]     ^  wdata[4]),
wpcheck[0]      =~(wdata[3]     ^  wdata[2]     ^  wdata[1]     ^  wdata[0]),
//******************************************************************************
// nibble parity check on ram read data
parity_err_syndrome[7]
    = (rdata[31]  ^  rdata[30]  ^  rdata[29]    ^  rdata[28]    ^  rpcheck[7]),
parity_err_syndrome[6]
    =~(rdata[27]  ^  rdata[26]  ^  rdata[25]    ^  rdata[24]    ^  rpcheck[6])
parity_err_syndrome[5]
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    = (rdata[23]  ^  rdata[22]  ^  rdata[21]    ^  rdata[20]    ^  rpcheck[5]),
parity_err_syndrome[4]
    =~(rdata[19]  ^  rdata[18]  ^  rdata[17]    ^  rdata[16]    ^  rpcheck[4]),
parity_err_syndrome[3]
    = (rdata[15]  ^  rdata[14]  ^  rdata[13]    ^  rdata[12]    ^  rpcheck[3]),
parity_err_syndrome[2]
    =~(rdata[11]  ^  rdata[10]  ^  rdata[9]     ^  rdata[8]     ^  rpcheck[2])
parity_err_syndrome[1]
    = (rdata[7]   ^  rdata[6]   ^  rdata[5]     ^  rdata[4]     ^  rpcheck[1]),
parity_err_syndrome[0]
    =~(rdata[3]   ^  rdata[2]   ^  rdata[1]     ^  rdata[0]     ^  rpcheck[0]),
read_parity_error
    = | parity_err_syndrome[7:0];               // logically sum all bits

31.4.2 RAM Parity Initialization
As previously noted, the contents of the RAM must be written while EDCCR[WPGE] =
1 to load the memory with correct parity before reads are checked.

This memory initialization function is typically performed by the processor or the DMA.

If the processor performs the initialization, the use of the MOVEM store instruction is
recommended for maximum performance and minimum execution time. The typical
construct may include a simple loop with multiple MOVEM instructions, each storing 4
or 8 registers to the RAM.

An alternative approach can make use of a DMA channel to copy a "constant" memory
value into the RAM region needing initialization. This approach offers the advantage
where the initialization time may be hidden based on simultaneous execution of the
processor and the DMA.

In both cases, it is important that the RAM region be first written before parity checking
on reads is enabled to prevent "spurious" fault detection.

31.4.3 RAM Read Bus Timings
This section presents two timing diagrams showing a series of three RAM read accesses
(x, y, z) where the middle read (y) detects a parity error. In particular, one diagram shows
a bus error response (enabled with EDCCR[BERRE] = 1) while the other shows the
assertion of the parity error alert interrupt (enabled with EDCCR[PEAE] = 1).

Recall the default response of the CF1Core to a bus cycle terminated with an error is a
system reset. If the MESM bus error response is enabled (EDCCR[BERRE] = 1), it is
recommended that the core's CPUCR[ARD] = 1 so that the processor generates an access
error exception instead of the reset on any reported read parity errors.
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In both diagrams, the 2-stage pipelined AHB bus protocol is shown (address_phase,
data_phase) along with the termination control signals (hready, hresp). Additionally, the
behavior of the MESM parity error signal and fault capture registers is also shown.

hclk

C(y')

y_attr

y

1 2 3 4 5 6 7 8CYCLE RULER

AHB SystemBus Pipeline

parity_err_irq

edcsr[pea]

frdr

fatr

fadr

read_parity_error

hresp

hready

ahp_dp

ahb_ap

errok ok

r(z)

r(z)

r(x)

r(x)

r(y)

r(y)

Figure 31-11. RAM Read Parity Error with Bus Error Termination

The preceding figure shows three consecutive RAM read accesses where the middle
reference r(y) detects a parity error. During the AHB data phase (ahb_dp), the RAM
reads the data and parity check bits which are then examined for single bit errors. This
example shows operation when parity errors are configured to generate an error
termination on the faulted bus cycle. The AHB data phase for the read of "y" occurs in
cycles 4 and 5. During cycle 4, the RAM read parity error is initially detected - this in
turn begins the standard 2-cycle AHB error termination as shown by hresp = ERR during
these cycles. Once the data phase for the faulted r(y) completes, the address, attributes
and read data are captured in the appropriate MESM registers (FADR, FATR, FRDR)
and the parity error alert bit in the EDCSR register asserted. Note the FRDR and
FATR[PCHECK] capture the faulted read operand {C(y')} and associated parity check
bits.

Next, consider the behavior when a parity error is configured to generate the alert
interrupt.
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Figure 31-12. RAM Read Parity Error with Alert Interrupt Assertion

Again, a sequence of 3 RAM reads is shown with r(y) returning corrupted data. The AHB
data phase for this read occurs in cycle 4. During this time, the read parity error is
detected, but the system bus cycle completes without an error since EDCCR[BERRE] =
0. Instead, the alert interrupt request (parity_err_irq) is asserted to signal the detection of
the RAM read error. As before, once the data phase for the faulted r(y) completes in cycle
4, the address, attributes and read data are captured in the appropriate MESM registers
(FADR, FATR, FRDR) and the parity error alert bit in the EDCSR register asserted.

31.4.4 Error Handler Routines
MESM supports two mechanisms for reporting of RAM read parity errors: the offending
bus cycle may be terminated with an error, that is, a "bus error" and/or a maskable parity
error alert interrupt request can be generated.

As previously noted, the default response of the CF1Core to a bus cycle terminated with
an error is a system reset. If the MESM bus error response is enabled (EDCCR[BERRE]
= 1), it is recommended that the core's CPUCR[ARD] = 1 so that the processor generates
an access error exception instead of the reset on any reported read parity errors.
Additionally, it is important to note that the use of the bus error termination is dependent
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Chapter 32
Modulo Timer (MTIM)

32.1 Introduction
The MTIM (or MTIM16) module is a simple 16-bit timer with several software
selectable clock sources and a programmable interrupt.

32.2 Features
Timer system features include:

• 16-bit up-counter

• Free-running or 16-bit modulo limit

• Software controllable interrupt on overflow

• Counter reset bit (TRST)

• Counter stop bit (TSTP)

• Four software selectable clock sources for input to prescaler:

• System bus clock — rising edge

• Fixed frequency clock (XCLK) — rising edge

• External clock source on the TCLK pin — rising edge

• External clock source on the TCLK pin — falling edge

• Nine selectable clock prescale values:

• Clock source divide by 1, 2, 4, 8, 16, 32, 64, 128, or 256

• Modulo compare matched can be an output
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32.2.1 Block Diagram
The following figure is a block diagram of the modulo timer module.

MTIM16
INTERRUPT
REQUEST

BUSCLK
XCLK

TCLK SYNC

TOF

TOIE

CLOCK
SOURCE
SELECT

PRESCALE
AND SELECT

DIVIDE BY

16-BIT COUNTER
(MTIMxCNT)

16-BIT COMPARATOR

16-BIT MODULO
(MTIMxMOD)

TRST
TSTP

CLKS PS

Figure 32-1. Modulo Timer (MTIM16) Block Diagram

32.2.2 Modes of Operation
This section defines MTIM16 operation in stop, wait, and background debug modes.

32.2.2.1 MTIM16 in Wait Mode

The MTIM16 continues to run in wait mode if enabled prior to the execution of the
WAIT instruction. The timer overflow interrupt brings the MCU out of wait mode if it is
enabled. For lowest possible current consumption, the MTIM16 should be stopped by
software if it is not needed as an interrupt source during wait mode.

32.2.2.2 MTIM16 in Stop Modes
MTIM operation in stop modes is chip-specific. See details about MCU power modes and
clocking.

• If the MTIM is unclocked in any MCU stop mode, it is disabled in that mode,
regardless of the module settings before the STOP instruction was executed. It
cannot be used as a wakeup source in that mode.

• If the MTIM is clocked and enabled in an MCU stop mode, it can be used as a
wakeup source in that mode.

Upon waking from very low-power stop modes, the MTIM enters its reset state.

For low-power stop modes:
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• If the device exits any of these modes with a reset, the MTIM module enters its reset
state.

• If the device exits any of these modes with an interrupt, the MTIM module continues
from its state in the low-power stop mode.

• If the counter was active upon entering any of these modes, the count resumes from
the current value.

32.2.2.3 MTIM16 in Active Background Mode

The MTIM16 stops all counting until the microcontroller returns to normal user operating
mode. Counting resumes from the suspended value as long as an MTIM16 reset did not
occur (TRST written to a 1).

32.3 External Signal Description
This section describes the module external signals.

32.3.1 TCLK — External Clock Source Input into MTIM16
The MTIM16 includes one external signal, TCLK, used to input an external clock when
selected as the MTIM16 clock source. The signal properties of TCLK are shown in the
following table.

Table 32-1. Signal Properties

Signal Function I/O

TCLK External clock source input into MTIM16 I

The TCLK input must be synchronized by the bus clock. Also, variations in duty cycle
and clock jitter must be accommodated. As a result, the TCLK signal must be limited to
one-fourth of the bus frequency.

The TCLK pin can be muxed with a general-purpose port pin. Refer to the chip-level
signal multiplexing and pin assignment details for more information.
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Memory Map and Register Descriptions

Each MTIM16 module includes six registers.

If a chip has more than one MTIM16 module, register names include placeholder
characters.

MTIM memory map

Address
offset (hex)

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

0 FFFF_81F0 MTIM16 status and control register
(MTIM0_SC) 8 R/W 10h 32.4.1/602

1 FFFF_81F1 MTIM16 clock configuration register
(MTIM0_CLK) 8 R/W 00h 32.4.2/603

2 FFFF_81F2 MTIM16 counter register high (MTIM0_CNTH) 8 R 00h 32.4.3/604

3 FFFF_81F3 MTIM16 counter register low (MTIM0_CNTL) 8 R 00h 32.4.4/605

4 FFFF_81F4 MTIM16 modulo register high (MTIM0_MODH) 8 R/W 00h 32.4.5/606

5 FFFF_81F5 MTIM16 modulo register low (MTIM0_MODL) 8 R/W 00h 32.4.6/607

32.4.1 MTIM16 status and control register (MTIMx_SC)

This register contains the overflow status flag and control bits. Use them to configure the
interrupt enable, reset the counter, and stop the counter.

Address: FFFF_81F0h base + 0h offset = FFFF_81F0h

Bit 7 6 5 4 3 2 1 0

Read TOF
TOIE

0
TSTP

0

Write 0 TRST

Reset 0 0 0 1 0 0 0 0

MTIM0_SC field descriptions

Field Description

7
TOF

MTIM16 overflow flag

This bit is set when the MTIM16 counter register overflows to 0x0000 after reaching the value in the
MTIM16 modulo register. Clear TOF by reading the SC register while TOF is set and then by writing 0 to
TOF. Writing 1 has no effect. TOF is also cleared when 1 is written to TRST.

Table continues on the next page...
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MTIM0_SC field descriptions (continued)

Field Description
0 MTIM16 counter has not reached the overflow value in the MTIM16 modulo register.
1 MTIM16 counter has reached the overflow value in the MTIM16 modulo register.

6
TOIE

MTIM16 overflow interrupt enable

This read/write bit enables MTIM16 overflow interrupts. If TOIE is set, then an interrupt is generated when
TOF = 1. Reset clears TOIE. Do not set TOIE if TOF = 1; instead, clear TOF first, and then set TOIE.

0 TOF interrupts are disabled. Use software polling.
1 TOF interrupts are enabled.

5
TRST

MTIM16 counter reset

When 1 is written to this write-only bit, the MTIM16 counter register resets to 0x0000 and TOF is cleared.
Writing 1 to this bit also causes the modulo value to take effect at once. Reading this bit always returns 0.

0 No effect. MTIM16 counter remains in its current state.
1 MTIM16 counter is reset to 0x0000.

4
TSTP

MTIM16 counter stop

When set, this read/write bit stops the MTIM16 counter at its current value. Counting resumes from the
current value when TSTP is cleared. Reset sets TSTP to prevent the MTIM16 from counting.

0 MTIM16 counter is active.
1 MTIM16 counter is stopped.

3–0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

32.4.2 MTIM16 clock configuration register (MTIMx_CLK)

This register contains the clock select bits (CLKS) and the prescaler select bits (PS).

Address: FFFF_81F0h base + 1h offset = FFFF_81F1h

Bit 7 6 5 4 3 2 1 0

Read 0 CLKS PS
Write
Reset 0 0 0 0 0 0 0 0

MTIM0_CLK field descriptions

Field Description

7–6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5–4
CLKS

Clock source select

These two read/write bits select one of four different clock sources as the input to the MTIM16 prescaler.
Changing the clock source while the counter is active does not clear the counter. The count continues with
the new clock source. Reset clears CLKS to 00.

Table continues on the next page...
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Address: FFFF_81F0h base + 2h offset = FFFF_81F2h

Bit 7 6 5 4 3 2 1 0

Read CNTH

Write

Reset 0 0 0 0 0 0 0 0

MTIM0_CNTH field descriptions

Field Description

7–0
CNTH

MTIM16 count (high byte)

These 8 read-only bits contain the current high byte value of the 16-bit counter. Writing has no effect on
this register. Reset clears the register to 0x00.

32.4.4 MTIM16 counter register low (MTIMx_CNTL)

This register is the read-only value of the low byte of the current MTIM16 16-bit counter.

When either the CNTH or CNTL register is read, the content of the two registers is
latched into a buffer where they remain latched until the other register is read. This
allows the coherent 16-bit value to be read in both big-endian and little-endian compile
environments and ensures the 16-bit counter is unaffected by the read operation. The
coherency mechanism is automatically restarted by an MCU reset or by setting the TRST
bit of the SC register (whether BDM mode is active or not).

When BDM is active, the coherency mechanism is frozen such that the buffer latches
remain in the state they were in when BDM became active, even if one or both halves of
the counter register are read while BDM is active. This assures that if the user was in the
middle of reading a 16-bit register when BDM became active, the appropriate value from
the other half of the 16-bit value is read after returning to normal execution. The value
read from the CNTH and CNTL registers in BDM mode is the value of these registers
and not the value of their read buffer.

Address: FFFF_81F0h base + 3h offset = FFFF_81F3h

Bit 7 6 5 4 3 2 1 0

Read CNTL

Write

Reset 0 0 0 0 0 0 0 0

MTIM0_CNTL field descriptions

Field Description

7–0
CNTL

MTIM16 count (low byte)
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MTIM0_CNTL field descriptions (continued)

Field Description
These 8 read-only bits contain the current low byte value of the 16-bit counter. Writing has no effect on
this register. Reset clears the register to 0x00.

32.4.5 MTIM16 modulo register high (MTIMx_MODH)

A value of 0x0000 in MODH:MODL puts the MTIM16 in free-running mode. Writing to
either MODH or MODL latches the value into a buffer and the latched buffers are
updated after the second byte writing. The updated values take effect and reload to the
MODH:MODL registers in the next MTIM16 counter cycle, except for the first writing
of modulo after a chip reset or in BDM mode. However, after a software reset, the
MODH:MODL takes effect at once even if it did not take effect before the reset. On the
first writing of MODH:MODL after chip reset, the counter is reset and the modulo takes
effect immediately. The latching mechanism may be manually reset by setting the TRST
bit of the SC register (whether BDM is active or not).

When BDM is active, the coherency mechanism is frozen so that the buffer latches
remain in the state they were in when the BDM became active, even if one or both halves
of the modulo register are written while BDM is active. Any writing to the modulo
registers bypasses the buffer latches and writes directly to the modulo register while
BDM is active, and also the counter is cleared at the same time.

Reading MODH:MODL returns the modulo values that are taking effect whenever in
normal run mode or in BDM mode.

Address: FFFF_81F0h base + 4h offset = FFFF_81F4h

Bit 7 6 5 4 3 2 1 0
Read MODHWrite
Reset 0 0 0 0 0 0 0 0

MTIM0_MODH field descriptions

Field Description

7–0
MODH

MTIM16 modulo (high byte)

These 8 read/write bits contain the modulo high byte value used to reset the counter and set TOF. Reset
sets the register to 0x00.
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32.4.6 MTIM16 modulo register low (MTIMx_MODL)

A value of 0x0000 in MODH:MODL puts the MTIM16 in free-running mode. Writing to
either MODH or MODL latches the value into a buffer and the latched buffers are
updated after the second byte writing. The updated values take effect and reload to the
MODH:MODL registers in the next MITIM16 counter cycle, except for the first writing
of modulo after a chip reset or in BDM mode. However, after a software reset, the
MODH:MODL takes effect at once even if it did not take effect before the reset. On the
first writing of MODH:MODL after chip reset, the counter is reset and the modulo takes
effect immediately. The latching mechanism may be manually reset by setting the TRST
bit of the SC register (whether BDM is active or not).

When BDM is active, the coherency mechanism is frozen so that the buffer latches
remain in the state they were in when the BDM became active, even if one or both halves
of the modulo register are written while BDM is active. Any writing to the modulo
registers bypasses the buffer latches and writes directly to the modulo register while
BDM is active, and also the counter is cleared at the same time.

Reading MODH:MODL returns the modulo values that are taking effect whenever in
normal run mode or in BDM mode.

Address: FFFF_81F0h base + 5h offset = FFFF_81F5h

Bit 7 6 5 4 3 2 1 0
Read MODLWrite
Reset 0 0 0 0 0 0 0 0

MTIM0_MODL field descriptions

Field Description

7–0
MODL

MTIM16 modulo (low byte)

These 8 read/write bits contain the modulo low byte value used to reset the counter and set TOF. Reset
sets the register to 0x00.

32.5 Functional Description
The MTIM16 is composed of a main 16-bit up-counter with 16-bit modulo register, a
clock source selector, and a prescaler block with nine selectable values. The module also
contains software selectable interrupt logic.
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32.5.1 MTIM16 Operation Example
This section shows an example of the MTIM16 module's operation as the counter reaches
a matching value from the modulo register.

MTIMMOD: 0x01AA

0x01A7 0x01A8 0x01A9 0x01AA 0x0000 0x0001

selected
clock source

MTIM16 clock
(PS=%0010)

MTIMCNT

TOF

Figure 32-14. MTIM16 Counter Overflow Example

In this figure, the selected clock source could be any of the four possible choices. The
prescaler is set to divide-by-4 (the PS field is 0010). The modulo value in the
MODH:MODL register is set to 01AAh. When the counter (CNTH:CNTL registers)
reaches the modulo value of 01AAh, the counter overflows to 0000h and continues
counting. The timer overflow flag, TOF, sets when the counter value changes from
01AAh to 0000h. An MTIM16 overflow interrupt is generated when TOF is set, if the
TOIE bit is 1.
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Chapter 33
Low Power Timer (LPTMR)

33.1 Introduction
The low-power timer (LPTMR) can be configured to operate as a time counter with
optional prescaler, or as a pulse counter with optional glitch filter, across all power
modes, including the low-leakage modes. It can also continue operating through most
system reset events, allowing it to be used as a time of day counter.

33.1.1 Features
The features of the LPTMR module include:

• 16-bit time counter or pulse counter with compare
• Optional interrupt can generate asynchronous wakeup from any low-power mode
• Hardware trigger output
• Counter supports free-running mode or reset on compare

• Configurable clock source for prescaler/glitch filter
• Configurable input source for pulse counter

• Rising-edge or falling-edge

33.1.2 Modes of operation
The following table describes the operation of the LPTMR module in various modes.

Table 33-1. Modes of operation
Modes Description

Run The LPTMR operates normally.

Wait
The LPTMR continues to operate normally and
may be configured to exit the low-power mode
by generating an interrupt request.

Table continues on the next page...
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Table 33-1. Modes of operation (continued)

Modes Description

Stop
The LPTMR continues to operate normally and
may be configured to exit the low-power mode
by generating an interrupt request.

Low-Leakage
The LPTMR continues to operate normally and
may be configured to exit the low-power mode
by generating an interrupt request.

Debug The LPTMR operates normally.

33.2 LPTMR signal descriptions
Table 33-2. LPTMR signal descriptions

Signal I/O Description

LPTMR_ALTn I Pulse Counter Input pin

33.2.1 Detailed signal descriptions
Table 33-3. LPTMR interface—detailed signal descriptions

Signal I/O Description

LPTMR_ALTn I Pulse Counter Input

The LPTMR can select one of the input pins to be used in Pulse Counter mode.

State meaning Assertion—If configured for pulse counter mode with
active-high input, then assertion causes the CNR to
increment.

Deassertion—If configured for pulse counter mode with
active-low input, then deassertion causes the CNR to
increment.

Timing Assertion or deassertion may occur at any time; input may
assert asynchronously to the bus clock.

33.3 Memory map and register definition

LPTMR signal descriptions
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LPTMR memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_83A0 Low Power Timer Control Status Register (LPTMR0_CSR) 32 R/W 0000_0000h 33.3.1/613

FFFF_83A4 Low Power Timer Prescale Register (LPTMR0_PSR) 32 R/W 0000_0000h 33.3.2/614

FFFF_83A8 Low Power Timer Compare Register (LPTMR0_CMR) 32 R/W 0000_0000h 33.3.3/616

FFFF_83AC Low Power Timer Counter Register (LPTMR0_CNR) 32 R 0000_0000h 33.3.4/616

33.3.1 Low Power Timer Control Status Register (LPTMRx_CSR)
Address: FFFF_83A0h base + 0h offset = FFFF_83A0h

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

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R 0 TCF
TIE TPS TPP TFC TMS TEN

W w1c

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

LPTMRx_CSR field descriptions

Field Description

31–8
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

7
TCF

Timer Compare Flag

TCF is set when the LPTMR is enabled and the CNR equals the CMR and increments. TCF is cleared
when the LPTMR is disabled or a logic 1 is written to it.

0 The value of CNR is not equal to CMR and increments.
1 The value of CNR is equal to CMR and increments.

6
TIE

Timer Interrupt Enable

When TIE is set, the LPTMR Interrupt is generated whenever TCF is also set.

0 Timer interrupt disabled.
1 Timer interrupt enabled.

5–4
TPS

Timer Pin Select

Configures the input source to be used in Pulse Counter mode. TPS must be altered only when the
LPTMR is disabled. The input connections vary by device. See the chip configuration details for
information on the connections to these inputs.

00 Pulse counter input 0 is selected.

Table continues on the next page...
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LPTMRx_CSR field descriptions (continued)

Field Description

01 Pulse counter input 1 is selected.
10 Pulse counter input 2 is selected.
11 Pulse counter input 3 is selected.

3
TPP

Timer Pin Polarity

Configures the polarity of the input source in Pulse Counter mode. TPP must be changed only when the
LPTMR is disabled.

0 Pulse Counter input source is active-high, and the CNR will increment on the rising-edge.
1 Pulse Counter input source is active-low, and the CNR will increment on the falling-edge.

2
TFC

Timer Free-Running Counter

When clear, TFC configures the CNR to reset whenever TCF is set. When set, TFC configures the CNR to
reset on overflow. TFC must be altered only when the LPTMR is disabled.

0 CNR is reset whenever TCF is set.
1 CNR is reset on overflow.

1
TMS

Timer Mode Select

Configures the mode of the LPTMR. TMS must be altered only when the LPTMR is disabled.

0 Time Counter mode.
1 Pulse Counter mode.

0
TEN

Timer Enable

When TEN is clear, it resets the LPTMR internal logic, including the CNR and TCF. When TEN is set, the
LPTMR is enabled. While writing 1 to this field, CSR[5:1] must not be altered.

0 LPTMR is disabled and internal logic is reset.
1 LPTMR is enabled.

33.3.2 Low Power Timer Prescale Register (LPTMRx_PSR)
Address: FFFF_83A0h base + 4h offset = FFFF_83A4h

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

R 0
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R 0 PRESCALE PBYP PCS
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Memory map and register definition
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LPTMRx_PSR field descriptions (continued)

Field Description
00 Prescaler/glitch filter clock 0 selected.
01 Prescaler/glitch filter clock 1 selected.
10 Prescaler/glitch filter clock 2 selected.
11 Prescaler/glitch filter clock 3 selected.

33.3.3 Low Power Timer Compare Register (LPTMRx_CMR)
Address: FFFF_83A0h base + 8h offset = FFFF_83A8h

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

R 0 COMPARE
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

LPTMRx_CMR field descriptions

Field Description

31–16
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

15–0
COMPARE

Compare Value

When the LPTMR is enabled and the CNR equals the value in the CMR and increments, TCF is set and
the hardware trigger asserts until the next time the CNR increments. If the CMR is 0, the hardware trigger
will remain asserted until the LPTMR is disabled. If the LPTMR is enabled, the CMR must be altered only
when TCF is set.

33.3.4 Low Power Timer Counter Register (LPTMRx_CNR)
Address: FFFF_83A0h base + Ch offset = FFFF_83ACh

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

R 0 COUNTER

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

LPTMRx_CNR field descriptions

Field Description

31–16
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

15–0
COUNTER

Counter Value

Memory map and register definition
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33.4 Functional description

33.4.1 LPTMR power and reset
The LPTMR remains powered in all power modes, including low-leakage modes. If the
LPTMR is not required to remain operating during a low-power mode, then it must be
disabled before entering the mode.

The LPTMR is reset only on global Power On Reset (POR) or Low Voltage Detect
(LVD). When configuring the LPTMR registers, the CSR must be initially written with
the timer disabled, before configuring the PSR and CMR. Then, CSR[TIE] must be set as
the last step in the initialization. This ensures the LPTMR is configured correctly and the
LPTMR counter is reset to zero following a warm reset.

33.4.2 LPTMR clocking
The LPTMR prescaler/glitch filter can be clocked by one of the four clocks. The clock
source must be enabled before the LPTMR is enabled.

NOTE
The clock source selected may need to be configured to remain
enabled in low-power modes, otherwise the LPTMR will not
operate during low-power modes.

In Pulse Counter mode with the prescaler/glitch filter bypassed, the selected input source
directly clocks the CNR and no other clock source is required. To minimize power in this
case, configure the prescaler clock source for a clock that is not toggling.

NOTE
The clock source or pulse input source selected for the LPTMR
should not exceed the frequency fLPTMR defined in the device
datasheet.

33.4.3 LPTMR prescaler/glitch filter
The LPTMR prescaler and glitch filter share the same logic which operates as a prescaler
in Time Counter mode and as a glitch filter in Pulse Counter mode.

Chapter 33 Low Power Timer (LPTMR)
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NOTE
The prescaler/glitch filter configuration must not be altered
when the LPTMR is enabled.

33.4.3.1 Prescaler enabled

In Time Counter mode, when the prescaler is enabled, the output of the prescaler directly
clocks the CNR. When the LPTMR is enabled, the CNR will increment every 22 to 216

prescaler clock cycles. After the LPTMR is enabled, the first increment of the CNR will
take an additional one or two prescaler clock cycles due to synchronization logic.

33.4.3.2 Prescaler bypassed

In Time Counter mode, when the prescaler is bypassed, the selected prescaler clock
increments the CNR on every clock cycle. When the LPTMR is enabled, the first
increment will take an additional one or two prescaler clock cycles due to
synchronization logic.

33.4.3.3 Glitch filter
In Pulse Counter mode, when the glitch filter is enabled, the output of the glitch filter
directly clocks the CNR. When the LPTMR is first enabled, the output of the glitch filter
is asserted, that is, logic 1 for active-high and logic 0 for active-low. The following table
shows the change in glitch filter output with the selected input source.

If Then

The selected input source remains deasserted for at least 21

to 215 consecutive prescaler clock rising edges
The glitch filter output will also deassert.

The selected input source remains asserted for at least 21 to
215 consecutive prescaler clock rising-edges

The glitch filter output will also assert.

NOTE
The input is only sampled on the rising clock edge.

The CNR will increment each time the glitch filter output asserts. In Pulse Counter mode,
the maximum rate at which the CNR can increment is once every 22 to 216 prescaler
clock edges. When first enabled, the glitch filter will wait an additional one or two
prescaler clock edges due to synchronization logic.

Functional description
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33.4.3.4 Glitch filter bypassed

In Pulse Counter mode, when the glitch filter is bypassed, the selected input source
increments the CNR every time it asserts. Before the LPTMR is first enabled, the selected
input source is forced to be asserted. This prevents the CNR from incrementing if the
selected input source is already asserted when the LPTMR is first enabled.

33.4.4 LPTMR compare
When the CNR equals the value of the CMR and increments, the following events occur:

• CSR[TCF] is set.
• LPTMR interrupt is generated if CSR[TIE] is also set.
• LPTMR hardware trigger is generated.
• CNR is reset if CSR[TFC] is clear.

When the LPTMR is enabled, the CMR can be altered only when CSR[TCF] is set. When
updating the CMR, the CMR must be written and CSR[TCF] must be cleared before the
LPTMR counter has incremented past the new LPTMR compare value.

33.4.5 LPTMR counter
The CNR increments by one on every:

• Prescaler clock in Time Counter mode with prescaler bypassed
• Prescaler output in Time Counter mode with prescaler enabled
• Input source assertion in Pulse Counter mode with glitch filter bypassed
• Glitch filter output in Pulse Counter mode with glitch filter enabled

The CNR is reset when the LPTMR is disabled or if the counter register overflows. If
CSR[TFC] is cleared, then the CNR is also reset whenever CSR[TCF] is set.

The CNR continues incrementing when the core is halted in Debug mode.

The CNR cannot be initialized, but can be read at any time. On each read of the CNR,
software must first write to the CNR with any value. This will synchronize and register
the current value of the CNR into a temporary register. The contents of the temporary
register are returned on each read of the CNR.

When reading the CNR, the bus clock must be at least two times faster than the rate at
which the LPTMR counter is incrementing, otherwise incorrect data may be returned.
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33.4.6 LPTMR hardware trigger
The LPTMR hardware trigger asserts at the same time the CSR[TCF] is set and can be
used to trigger hardware events in other peripherals without software intervention. The
hardware trigger is always enabled.

When Then

The CMR is set to 0 with CSR[TFC] clear The LPTMR hardware trigger will assert on the first compare
and does not deassert.

The CMR is set to a nonzero value, or, if CSR[TFC] is set The LPTMR hardware trigger will assert on each compare
and deassert on the following increment of the CNR.

33.4.7 LPTMR interrupt
The LPTMR interrupt is generated whenever CSR[TIE] and CSR[TCF] are set.
CSR[TCF] is cleared by disabling the LPTMR or by writing a logic 1 to it.

CSR[TIE] can be altered and CSR[TCF] can be cleared while the LPTMR is enabled.

The LPTMR interrupt is generated asynchronously to the system clock and can be used to
generate a wakeup from any low-power mode, including the low-leakage modes,
provided the LPTMR is enabled as a wakeup source.

Functional description
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Chapter 34
FlexTimer (FTM)

34.1 Introduction
The FlexTimer module is a two to eight channel timer which supports input capture,
output compare, and the generation of PWM signals to control electric motor and power
management applications. The FTM time reference is a 16-bit counter that can be used as
an unsigned or signed counter.

34.1.1 FlexTimer philosophy
The FlexTimer is built upon a very simple timer used for many years on Freescale's 8-bit
microcontrollers, the HCS08 Timer PWM Module – TPM. The FlexTimer extends the
functionality to meet the demands of motor control, digital lighting solutions, and power
conversion, while providing low cost and backwards compatibility with the TPM module.

Several key enhancements are made: signed up-counter, dead time insertion hardware,
fault control inputs, enhanced triggering functionality and initialization, and polarity
control.

All of the features common with the TPM module have fully backwards compatible
register assignments and the FlexTimer can use code on the same core platform without
change to perform the same functions. A small exception to this is when the FlexTimer
clock frequency is twice bus clock frequency to provide extra resolution for high speed
PWM applications.

Motor control and power conversion features have been added through a dedicated set of
registers. The new features, such as hardware dead time insertion, polarity, fault control,
and masking, greatly reduce loading on the execution software and are usually each
controlled by a group of registers. All of the new features are disabled after reset by
default.
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Flextimer input triggers can come directly from other modules integrated on the chip,
such as comparators or ADCs, to automatically initiate timer functions. These triggers
can be linked in a variety of ways during integration of the modules so please note
carefully the options available for used FlexTimer configuration.

All main user access registers are buffered to ease the load on the executing software. A
number of trigger options exist to determine which registers are updated with this user
defined data.

34.1.2 Features
The FTM features include:

• Selectable FTM source clock:

• Source clock can be the system clock, the fixed frequency clock, or an external
clock

• Fixed frequency clock is an additional clock input to allow the selection of an on
chip clock source other than the system clock

• Selecting external clock connects FTM clock to a chip level input pin therefore
allowing to synchronize the FTM counter with an off chip clock source

• Prescaler divide-by 1, 2, 4, 8, 16, 32, 64, or 128

• FTM has a 16-bit counter

• It can be a free-running counter or a counter with initial and final value

• The counting can be up or up-down

• Each channel can be configured for input capture, output compare, or edge-aligned
PWM mode

• In input capture mode:

• The capture can occur on rising edges, falling edges or both edges

• An input filter can be selected for some channels

• In output compare mode the output signal can be set, cleared, or toggled on match

• All channels can be configured for center-aligned PWM mode

• Each pair of channels can be combined to generate a PWM signal with independent
control of both edges of PWM signal

Introduction
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• The FTM channels can operate as pairs with equal outputs, pairs with
complementary outputs, or independent channels with independent outputs

• The deadtime insertion is available for each complementary pair

• Generation of triggers (match trigger)

• Software control of PWM outputs

• Up to four fault inputs for global fault control

• The polarity of each channel is configurable

• The generation of an interrupt per channel

• The generation of an interrupt when the counter overflows

• The generation of an interrupt when the fault condition is detected

• Synchronized loading of write buffered FTM registers

• Write protection for critical registers

• Backwards compatible with TPM

• Testing of input captures for a stuck at zero and one conditions

• Dual edge capture for pulse and period width measurement

• For instances of the module that support it: Quadrature decoder with input filters,
relative position counting and interrupt on position count or capture of position count
on external event

34.1.3 Modes of operation
When the MCU is in active BDM background or BDM foreground mode, the FTM
temporarily suspends all counting until the MCU returns to normal user operating mode.
During stop mode, all FTM input clocks are stopped, so the FTM is effectively disabled
until clocks resume. During wait mode, the FTM continues to operate normally. If the
FTM does not need to produce a real time reference or provide the interrupt sources
needed to wake the MCU from wait mode, the power can then be saved by disabling
FTM functions before entering wait mode.
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Figure 34-1. FTM block diagram

Chapter 34 FlexTimer (FTM)

MCF51JG256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 625



34.2 Signal description
The following table shows the user-accessible signals for the FTM.

NOTE
The PHA and PHB signals are user accessible if the quadrature
decoder feature is supported.

Table 34-1. Signal properties

Name Function

EXTCLK External clock – FTM external clock can be selected to drive the FTM counter.

CHn1 Channel (n) – I/O pin associated with FTM channel (n).

FAULTj2 Fault input (j) – input pin associated with fault input (j).

PHA Quadrature decoder phase A input – input pin associated with quadrature decoder phase A.

PHB Quadrature decoder phase B input – input pin associated with quadrature decoder phase B.

1. n = channel number (0 to 7)
2. j = fault input (0 to 3)

34.2.1 EXTCLK — FTM external clock
The external clock input signal is used as the FTM counter clock if selected by
CLKS[1:0] bits in the SC register. This clock signal must not exceed 1/4 of system clock
frequency. The FTM counter prescaler selection and settings are also used when an
external clock is selected.

34.2.2 CHn — FTM channel (n) I/O pin
Each FTM channel can be configured to operate either as input or output. The direction
associated with each channel, input or output, is selected according to the mode assigned
for that channel.

34.2.3 FAULTj — FTM fault input
The fault input signals are used to control the CHn channel output state. If a fault is
detected, the FAULTj signal is asserted and the channel output is put in a safe state. The
behavior of the fault logic is defined by the FAULTM[1:0] control bits in the MODE
register and FAULTEN bit in the COMBINEm register. Note that each FAULTj input

Signal description

MCF51JG256 Reference Manual, Rev. 1, 01/2013

626 Freescale Semiconductor, Inc.



may affect all channels selectively since FAULTM[1:0] and FAULTEN control bits are
defined for each pair of channels. Each FAULTj input is activated by its corresponding
FAULTjEN bit in the FLTCTRL register.

34.2.4 PHA — FTM Quadrature Decoder Phase A Input
The quadrature decoder phase A input is used when the quadrature decoder mode is
selected (if the quadrature decoder feature is supported). The phase A input signal is one
of the signals that control the FTM counter increment or decrement in the quadrature
decoder mode (Quadrature Decoder Mode).

34.2.5 PHB — FTM Quadrature Decoder Phase B Input
The quadrature decoder phase B input is used when the quadrature decoder mode is
selected (if the quadrature decoder feature is supported). The phase B input signal is one
of the signals that control the FTM counter increment or decrement in the quadrature
decoder mode (Quadrature Decoder Mode).

34.3 Memory map and register definition
This section provides a detailed description of all FTM registers.

34.3.1 Module memory map
This section presents a high-level summary of the FTM registers and how they are
mapped.

The FTM memory map can be split into two sets of registers. The first set has the original
TPM registers.

Starting with Counter Initial Value High (CNTINH), the second set has the FTM specific
registers. Any second set registers, or bits within these registers, that are used by an
unavailable function in the FTM configuration remain in the memory map and in the
reset value even though they have no active function.

Note

Do not write to the FTM specific registers (second set registers)
when FTMEN = 0.
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34.3.2 Register descriptions
This section consists of register descriptions in address order.

FTM memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_8300 Status and Control (FTM0_SC) 8 R/W 00h 34.3.3/631

FFFF_8301 Counter High (FTM0_CNTH) 8 R/W 00h 34.3.4/632

FFFF_8302 Counter Low (FTM0_CNTL) 8 R/W 00h 34.3.5/633

FFFF_8303 Modulo High (FTM0_MODH) 8 R/W 00h 34.3.6/634

FFFF_8304 Modulo Low (FTM0_MODL) 8 R/W 00h 34.3.7/634

FFFF_8305 Channel Status and Control (FTM0_C0SC) 8 R/W 00h 34.3.8/635

FFFF_8306 Channel Value High (FTM0_C0VH) 8 R/W 00h 34.3.9/638

FFFF_8307 Channel Value Low (FTM0_C0VL) 8 R/W 00h 34.3.10/
639

FFFF_8308 Channel Status and Control (FTM0_C1SC) 8 R/W 00h 34.3.8/635

FFFF_8309 Channel Value High (FTM0_C1VH) 8 R/W 00h 34.3.9/638

FFFF_830A Channel Value Low (FTM0_C1VL) 8 R/W 00h 34.3.10/
639

FFFF_830B Channel Status and Control (FTM0_C2SC) 8 R/W 00h 34.3.8/635

FFFF_830C Channel Value High (FTM0_C2VH) 8 R/W 00h 34.3.9/638

FFFF_830D Channel Value Low (FTM0_C2VL) 8 R/W 00h 34.3.10/
639

FFFF_830E Channel Status and Control (FTM0_C3SC) 8 R/W 00h 34.3.8/635

FFFF_830F Channel Value High (FTM0_C3VH) 8 R/W 00h 34.3.9/638

FFFF_8310 Channel Value Low (FTM0_C3VL) 8 R/W 00h 34.3.10/
639

FFFF_8311 Channel Status and Control (FTM0_C4SC) 8 R/W 00h 34.3.8/635

FFFF_8312 Channel Value High (FTM0_C4VH) 8 R/W 00h 34.3.9/638

FFFF_8313 Channel Value Low (FTM0_C4VL) 8 R/W 00h 34.3.10/
639

FFFF_8314 Channel Status and Control (FTM0_C5SC) 8 R/W 00h 34.3.8/635

FFFF_8315 Channel Value High (FTM0_C5VH) 8 R/W 00h 34.3.9/638

FFFF_8316 Channel Value Low (FTM0_C5VL) 8 R/W 00h 34.3.10/
639

FFFF_8320 Counter Initial Value High (FTM0_CNTINH) 8 R/W 00h 34.3.11/
639

FFFF_8321 Counter Initial Value Low (FTM0_CNTINL) 8 R/W 00h 34.3.12/
640

FFFF_8322 Capture and Compare Status (FTM0_STATUS) 8 R/W 00h 34.3.13/
641

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

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_836D Channels Polarity (FTM1_POL) 8 R/W 00h 34.3.21/
652

FFFF_836E Fault Mode Status (FTM1_FMS) 8 R/W 00h 34.3.22/
654

FFFF_836F Input Capture Filter Control (FTM1_FILTER0) 8 R/W 00h 34.3.23/
656

FFFF_8370 Input Capture Filter Control (FTM1_FILTER1) 8 R/W 00h 34.3.23/
656

FFFF_8371 Fault Input Filter Control (FTM1_FLTFILTER) 8 R/W 00h 34.3.24/
657

FFFF_8372 Fault Input Control (FTM1_FLTCTRL) 8 R/W 00h 34.3.25/
657

FFFF_8373 Quadrature Decoder Control and Status (FTM1_QDCTRL) 8 R/W 00h 34.3.26/
659

34.3.3 Status and Control (FTMx_SC)

SC contains the overflow status flag and control bits used to configure the interrupt
enable, FTM configuration, clock source, and prescaler factor. These controls relate to all
channels within this module.

Address: Base address + 0h offset

Bit 7 6 5 4 3 2 1 0

Read TOF
TOIE CPWMS CLKS PS

Write 0

Reset 0 0 0 0 0 0 0 0

FTMx_SC field descriptions

Field Description

7
TOF

Timer Overflow Flag

Set by hardware when the FTM counter passes the value in the Counter Modulo registers. The TOF bit is
cleared by reading the SC register while TOF is set and then writing a 0 to TOF bit. Writing a 1 to TOF has
no effect.

If another FTM overflow occurs between the read and write operations, the write operation has no effect;
therefore, TOF remains set indicating an overflow has occurred. In this case a TOF interrupt request is not
lost due to the clearing sequence for a previous TOF.

0 FTM counter has not overflowed.
1 FTM counter has overflowed.

6
TOIE

Timer Overflow Interrupt Enable

Table continues on the next page...
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Writing any value to COUNT_H or COUNT_L updates the FTM counter with its initial
16-bit value (contained in the Counter Initial Value registers) and resets the read
coherency mechanism, regardless of the data involved in the write.

When BDM is active, the FTM counter is frozen (this is the value that you may read); the
read coherency mechanism is frozen such that the buffer latches remain in the state they
were in when the BDM became active, even if one or both counter bytes are read while
BDM is active. This assures that if you were in the middle of reading a 16-bit register
when BDM became active, it reads the appropriate value from the other half of the 16-bit
value after returning to normal execution.

Address: Base address + 1h offset

Bit 7 6 5 4 3 2 1 0
Read COUNT_HWrite
Reset 0 0 0 0 0 0 0 0

FTMx_CNTH field descriptions

Field Description

7–0
COUNT_H

Counter value high byte

34.3.5 Counter Low (FTMx_CNTL)

See the description for the Counter High register.

Address: Base address + 2h offset

Bit 7 6 5 4 3 2 1 0
Read COUNT_LWrite
Reset 0 0 0 0 0 0 0 0

FTMx_CNTL field descriptions

Field Description

7–0
COUNT_L

Counter value low byte
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34.3.6 Modulo High (FTMx_MODH)

The Modulo registers contain the high and low bytes of the modulo value for the FTM
counter. After the FTM counter reaches the modulo value, the overflow flag (TOF)
becomes set at the next clock, and the next value of FTM counter depends on the selected
counting method (Counter).

Writing to either byte latches the value into a buffer. The register is updated with the
value of their write buffer according to Update of the registers with write buffers.

If MODE[FTMEN] = 0, this write coherency mechanism may be manually reset by
writing to the SC register whether BDM is active or not.

When BDM is active, this write coherency mechanism is frozen such that the buffer
latches remain in the state they were in when the BDM became active, even if one or both
bytes of the modulo register are written while BDM is active. Any write to the modulo
register bypasses the buffer latches and directly writes to the modulo register while BDM
is active.

It is recommended to initialize the FTM counter, by writing to CNTH or CNTL, before
writing to the FTM modulo register to avoid confusion about when the first counter
overflow will occur.

Address: Base address + 3h offset

Bit 7 6 5 4 3 2 1 0
Read MOD_HWrite
Reset 0 0 0 0 0 0 0 0

FTMx_MODH field descriptions

Field Description

7–0
MOD_H

High byte of the modulo value

34.3.7 Modulo Low (FTMx_MODL)

See the description for the Modulo High register.

Address: Base address + 4h offset

Bit 7 6 5 4 3 2 1 0
Read MOD_LWrite
Reset 0 0 0 0 0 0 0 0
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Table 34-72. Dual edge capture mode — edge polarity selection (continued)

ELSnB ELSnA Channel Port Enable Detected Edges

0 1 Enabled Rising edge

1 0 Enabled Falling edge

1 1 Enabled Rising and falling edges

Address: Base address + 5h offset + (3d × i), where i=0d to 5d

Bit 7 6 5 4 3 2 1 0

Read CHF
CHIE MSB MSA ELSB ELSA

0
DMA

Write 0

Reset 0 0 0 0 0 0 0 0

FTMx_CnSC field descriptions

Field Description

7
CHF

Channel Flag

Set by hardware when an event occurs on the channel. CHF is cleared by reading the CnSC register while
CHnF is set and then writing a 0 to the CHF bit. Writing a 1 to CHF has no effect.

If another event occurs between the read and write operations, the write operation has no effect; therefore,
CHF remains set indicating an event has occurred. In this case a CHF interrupt request is not lost due to
the clearing sequence for a previous CHF.

0 No channel event has occurred.
1 A channel event has occurred.

6
CHIE

Channel Interrupt Enable

Enables channel interrupts.

0 Disable channel interrupts. Use software polling.
1 Enable channel interrupts.

5
MSB

Channel Mode Select

Used for further selections in the channel logic. Its functionality is dependent on the channel mode. See
the table in the register description.

MSB is write protected. It can be written only when MODE[WPDIS] = 1.

4
MSA

Channel Mode Select

Used for further selections in the channel logic. Its functionality is dependent on the channel mode. See
the table in the register description.

MSA is write protected. It can be written only when MODE[WPDIS] = 1.

3
ELSB

Edge or Level Select

The functionality of ELSB and ELSA depends on the channel mode. See the table in the register
description.

ELSB is write protected. It can be written only when MODE[WPDIS] = 1.

2
ELSA

Edge or Level Select
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When BDM is active, the write coherency mechanism is frozen such that the buffer
latches remain in the state they were in when the BDM became active even if one or both
bytes of the channel value register are written while BDM is active. Any write to the CnV
registers bypasses the buffer latches and writes directly to the register while BDM is
active. The values written to the channel value registers while BDM is active are used in
output modes operation after normal execution resumes. Writes to the channel value
registers while BDM is active do not interfere with the partial completion of a coherency
sequence. After the write coherency mechanism has been fully exercised, the channel
value registers are updated using the buffered values while BDM was not active.

Address: Base address + 6h offset + (3d × i), where i=0d to 5d

Bit 7 6 5 4 3 2 1 0
Read VAL_HWrite
Reset 0 0 0 0 0 0 0 0

FTMx_CnVH field descriptions

Field Description

7–0
VAL_H

Channel Value High Byte

Captured FTM counter value of the input capture function or the match value for the output modes

34.3.10 Channel Value Low (FTMx_CnVL)

See the description for the Channel Value High register.

Address: Base address + 7h offset + (3d × i), where i=0d to 5d

Bit 7 6 5 4 3 2 1 0
Read VAL_LWrite
Reset 0 0 0 0 0 0 0 0

FTMx_CnVL field descriptions

Field Description

7–0
VAL_L

Channel Value Low Byte

Captured FTM counter value of the input capture function or the match value for the output modes

34.3.11 Counter Initial Value High (FTMx_CNTINH)

The Counter Initial Value registers contain the high and low bytes of the initial value for
the FTM counter.
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Writing to either byte latches the value into a buffer. The registers are updated with the
value of their write buffer.

When BDM is active, the write coherency mechanism is frozen such that the buffer
latches remain in the state they were in when the BDM became active, even if one or both
bytes of the counter initial value register are written while BDM is active. Any write to
the counter initial value registers bypasses the buffer latches and writes directly to the
counter initial value register while BDM is active.

The first time that the FTM clock is selected (first write to change the CLKS bits to a
non-zero value), FTM counter starts with the value 0x0000. To avoid this behavior,
before the first write to select the FTM clock, write the new value to the Counter Initial
Value registers and then initialize the FTM counter by writing any value to CNT).

Address: Base address + 20h offset

Bit 7 6 5 4 3 2 1 0
Read INIT_HWrite
Reset 0 0 0 0 0 0 0 0

FTMx_CNTINH field descriptions

Field Description

7–0
INIT_H

Counter Initial Value High Byte

34.3.12 Counter Initial Value Low (FTMx_CNTINL)

See the description for the Counter Initial Value High register.

Address: Base address + 21h offset

Bit 7 6 5 4 3 2 1 0
Read INIT_LWrite
Reset 0 0 0 0 0 0 0 0

FTMx_CNTINL field descriptions

Field Description

7–0
INIT_L

Counter Initial Value Low Byte

Memory map and register definition

MCF51JG256 Reference Manual, Rev. 1, 01/2013

640 Freescale Semiconductor, Inc.



34.3.13 Capture and Compare Status (FTMx_STATUS)

STATUS contains a copy of the status flag CHnF bit, in CnSC, for each FTM channel for
software convenience.

Each CHnF bit in STATUS is a mirror of CHnF bit in CnSC. All CHnF bits can be
checked using only one read of STATUS. All CHnF bits can be cleared by reading
STATUS followed by writing 0x00 to STATUS.

Hardware sets the individual channel flags when an event occurs on the channel. CHF is
cleared by reading STATUS while CHnF is set and then writing a 0 to the CHF bit.
Writing a 1 to CHF has no effect.

If another event occurs between the read and write operations, the write operation has no
effect; therefore, CHF remains set indicating an event has occurred. In this case, a CHF
interrupt request is not lost due to the clearing sequence for a previous CHF.

NOTE
The use of STATUS register is available only when
(MODE[FTMEN] = 1), (COMBINE = 1), and (CPWMS = 0).
The use of this register with (MODE[FTMEN] = 0),
(COMBINE = 0), or (CPWMS = 1) is not recommended and its
results are not guaranteed.

Address: Base address + 22h offset

Bit 7 6 5 4 3 2 1 0

Read CH7F CH6F CH5F CH4F CH3F CH2F CH1F CH0F

Write 0 0 0 0 0 0 0 0

Reset 0 0 0 0 0 0 0 0

FTMx_STATUS field descriptions

Field Description

7
CH7F

Channel 7 Flag

See the register description.

0 No channel event has occurred.
1 A channel event has occurred.

6
CH6F

Channel 6 Flag

See the register description.

0 No channel event has occurred.
1 A channel event has occurred.

Table continues on the next page...
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FTMx_STATUS field descriptions (continued)

Field Description

5
CH5F

Channel 5 Flag

See the register description.

0 No channel event has occurred.
1 A channel event has occurred.

4
CH4F

Channel 4 Flag

See the register description.

0 No channel event has occurred.
1 A channel event has occurred.

3
CH3F

Channel 3 Flag

See the register description.

0 No channel event has occurred.
1 A channel event has occurred.

2
CH2F

Channel 2 Flag

See the register description.

0 No channel event has occurred.
1 A channel event has occurred.

1
CH1F

Channel 1 Flag

See the register description.

0 No channel event has occurred.
1 A channel event has occurred.

0
CH0F

Channel 0 Flag

See the register description.

0 No channel event has occurred.
1 A channel event has occurred.

34.3.14 Features Mode Selection (FTMx_MODE)

This register contains the control bits used to configure the fault interrupt and fault
control, capture test mode, PWM synchronization, write protection, channel output
initialization, and enable the enhanced features of the FTM. These controls relate to all
channels within this module.

Address: Base address + 23h offset

Bit 7 6 5 4 3 2 1 0
Read FAULTIE FAULTM CAPTEST PWMSYNC WPDIS INIT FTMENWrite
Reset 0 0 0 0 0 1 0 0
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FTMx_MODE field descriptions (continued)

Field Description
0 Only the TPM-compatible registers (first set of registers) can be used without any restriction. Do not

use the FTM-specific registers.
1 All registers including the FTM-specific registers (second set of registers) are available for use with no

restrictions.

34.3.15 Synchronization (FTMx_SYNC)

This register configures the PWM synchronization.

A synchronization event can perform the synchronized update of MOD, CV, and
OUTMASK registers with the value of their write buffer and the FTM counter
initialization.

NOTE

The software trigger (SWSYNC bit) and hardware triggers
(TRIG0, TRIG1, and TRIG2 bits) have a potential conflict if
used together. Use only hardware or software triggers but not
both at the same time, otherwise unpredictable behavior is
likely to happen.

The selection of the boundary cycle (CNTMAX and CNTMIN
bits) is intended to provide the update of MOD, CNTIN, and
CV across all enabled channels simultaneously. The use of the
boundary cycle selection together with TRIG0, TRIG1, or
TRIG2 bits is likely to result in unpredictable behavior.

The MODE[PWMSYNC] bit determines which type of trigger
event controls the functions enabled by the SYNC register.

Address: Base address + 24h offset

Bit 7 6 5 4 3 2 1 0
Read SWSYNC TRIG2 TRIG1 TRIG0 SYNCHOM REINIT CNTMAX CNTMINWrite
Reset 0 0 0 0 0 0 0 0

FTMx_SYNC field descriptions

Field Description

7
SWSYNC

PWM Synchronization Software Trigger

Selects the software trigger as the PWM synchronization trigger. The software trigger occurs when a 1 is
written to SWSYNC bit.

Table continues on the next page...
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FTMx_SYNC field descriptions (continued)

Field Description
0 The minimum boundary cycle is disabled.
1 The minimum boundary cycle is enabled.

34.3.16 Initial State for Channel Output (FTMx_OUTINIT)
Address: Base address + 25h offset

Bit 7 6 5 4 3 2 1 0
Read CH7OI CH6OI CH5OI CH4OI CH3OI CH2OI CH1OI CH0OIWrite
Reset 0 0 0 0 0 0 0 0

FTMx_OUTINIT field descriptions

Field Description

7
CH7OI

Channel 7 Output Initialization Value

Selects the value that is forced into the channel output when the initialization occurs.

0 The initialization value is 0.
1 The initialization value is 1.

6
CH6OI

Channel 6 Output Initialization Value

Selects the value that is forced into the channel output when the initialization occurs.

0 The initialization value is 0.
1 The initialization value is 1.

5
CH5OI

Channel 5 Output Initialization Value

Selects the value that is forced into the channel output when the initialization occurs.

0 The initialization value is 0.
1 The initialization value is 1.

4
CH4OI

Channel 4 Output Initialization Value

Selects the value that is forced into the channel output when the initialization occurs.

0 The initialization value is 0.
1 The initialization value is 1.

3
CH3OI

Channel 3 Output Initialization Value

Selects the value that is forced into the channel output when the initialization occurs.

0 The initialization value is 0.
1 The initialization value is 1.

2
CH2OI

Channel 2 Output Initialization Value

Selects the value that is forced into the channel output when the initialization occurs.

Table continues on the next page...
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FTMx_OUTINIT field descriptions (continued)

Field Description
0 The initialization value is 0.
1 The initialization value is 1.

1
CH1OI

Channel 1 Output Initialization Value

Selects the value that is forced into the channel output when the initialization occurs.

0 The initialization value is 0.
1 The initialization value is 1.

0
CH0OI

Channel 0 Output Initialization Value

Selects the value that is forced into the channel output when the initialization occurs.

0 The initialization value is 0.
1 The initialization value is 1.

34.3.17 Output Mask (FTMx_OUTMASK)

This register provides a mask for each FTM channel. The mask of a channel determines if
its output responds, that is, it is masked or not, when a match occurs. This feature is used
for BLDC control applications where the PWM signal is presented to an electric motor at
specific times to provide electronic commutation.

Any write to the OUTMASK register stores the value into a write buffer. The register is
updated with the value of its write buffer according to PWM synchronization.

Address: Base address + 26h offset

Bit 7 6 5 4 3 2 1 0
Read CH7OM CH6OM CH5OM CH4OM CH3OM CH2OM CH1OM CH0OMWrite
Reset 0 0 0 0 0 0 0 0

FTMx_OUTMASK field descriptions

Field Description

7
CH7OM

Channel 7 Output Mask

Defines if the channel output is masked (forced to its inactive state) or unmasked (it continues to operate
normally).

0 Channel output is not masked. It continues to operate normally.
1 Channel output is masked. It is forced to its inactive state.

6
CH6OM

Channel 6 Output Mask

Defines if the channel output is masked (forced to its inactive state) or unmasked (it continues to operate
normally).
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34.3.18 Function for Linked Channels (FTMx_COMBINEn)

This register contains the control bits used to configure the fault control, synchronization,
deadtime, dual edge capture mode, complementary, and combine features of channels (n)
and (n+1).

• COMBINE0 supports channels 0 and 1.
• COMBINE1 supports channels 2 and 3.
• COMBINE2 supports channels 4 and 5.

NOTE

The channel (n) is the even channel and the channel (n+1) is the
odd channel of a pair of channels.

Address: Base address + 27h offset + (1d × i), where i=0d to 2d

Bit 7 6 5 4 3 2 1 0

Read 0 FAULTEN SYNCEN DTEN DECAP DECAPEN COMP COMBINE
Write
Reset 0 0 0 0 0 0 0 0

FTMx_COMBINEn field descriptions

Field Description

7
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

6
FAULTEN

Fault Control Enable

Enables the fault control in channels (n) and (n+1).

This field is write protected. It can be written only when MODE[WPDIS] = 1.

0 The fault control in this pair of channels is disabled.
1 The fault control in this pair of channels is enabled.

5
SYNCEN

Synchronization Enable

Enables PWM synchronization of registers C(n)V and C(n+1)V.

0 The PWM synchronization in this pair of channels is disabled.
1 The PWM synchronization in this pair of channels is enabled.

4
DTEN

Deadtime Enable

Enables the deadtime insertion in the channels (n) and (n+1).

This field is write protected. It can be written only when MODE[WPDIS] = 1.

0 The deadtime insertion in this pair of channels is disabled.
1 The deadtime insertion in this pair of channels is enabled.

3
DECAP

Dual Edge Capture Mode Captures

Table continues on the next page...
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FTMx_COMBINEn field descriptions (continued)

Field Description
Enables the capture of the FTM counter value according to the channel (n) input event and the
configuration of the dual edge capture bits.

This field applies only when MODE[FTMEN] = 1 and DECAPEN = 1.

DECAP bit is cleared automatically by hardware if dual edge capture one-shot mode is selected and when
the capture of channel (n+1) event is made.

0 The dual edge captures are inactive.
1 The dual edge captures are active.

2
DECAPEN

Dual Edge Capture Mode Enable

Enables the dual edge capture mode in the channels (n) and (n+1). This bit reconfigures the function of
MSnA, ELSnB:ELSnA, and ELS(n+1)B:ELS(n+1)A bits in dual edge capture mode according to the table
Mode, Edge, and Level Selection in the description of the CnSC register.

This field applies only when MODE[FTMEN] = 1.

DECAPEN is write protected, this bit can be written only if MODE[WPDIS] = 1.

0 The dual edge capture mode in this pair of channels is disabled.
1 The dual edge capture mode in this pair of channels is enabled.

1
COMP

Complement of Channel (n)

Enables complementary mode for the combined channels. In complementary mode the channel (n+1)
output is the inverse of the channel (n) output.

This field is write protected. It can be written only when MODE[WPDIS] = 1.

0 The channel (n+1) output is the same as the channel (n) output.
1 The channel (n+1) output is the complement of the channel (n) output.

0
COMBINE

Combine Channels

Enables the combine feature for channels (n) and (n+1).

This field is write protected. It can be written only when MODE[WPDIS] = 1.

0 Channels (n) and (n+1) are independent.
1 Channels (n) and (n+1) are combined.

34.3.19 Deadtime Insertion Control (FTMx_DEADTIME)

This register selects the deadtime prescaler factor and deadtime value. All FTM channels
use this clock prescaler and this deadtime value for the deadtime insertion.

Address: Base address + 2Bh offset

Bit 7 6 5 4 3 2 1 0
Read DTPS DTVALWrite
Reset 0 0 0 0 0 0 0 0
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FTMx_DEADTIME field descriptions

Field Description

7–6
DTPS

Deadtime Prescaler Value

Selects the division factor of the system clock. This prescaled clock is used by the deadtime counter.

DTPS is write protected. It can be written only when MODE[WPDIS] = 1.

0x Divide the system clock by 1.
10 Divide the system clock by 4.
11 Divide the system clock by 16.

5–0
DTVAL

Deadtime Value

Selects the deadtime insertion value for the deadtime counter. The deadtime counter is clocked by a
scaled version of the system clock. See the description of DTPS.

Deadtime insert value = (DTPS × DTVAL).

DTVAL selects the number of deadtime counts inserted as follows:

• When DTVAL is 0, no counts are inserted.
• When DTVAL is 1, 1 count is inserted.
• When DTVAL is 2, 2 counts are inserted.

This pattern continues up to a possible 63 counts.

DTVAL is write protected. It can be written only when MODE[WPDIS] = 1.

34.3.20 External Trigger (FTMx_EXTTRIG)

This register indicates when a channel trigger was generated, enables the generation of a
trigger when the FTM counter is equal to its initial value, and selects which channels are
used in the generation of the channel triggers. Several FTM channels can be selected to
generate multiple triggers in one PWM period.

Channels 6 and 7 are not used to generate channel triggers.

Address: Base address + 2Ch offset

Bit 7 6 5 4 3 2 1 0
Read TRIGF INITTRIGEN CH1TRIG CH0TRIG CH5TRIG CH4TRIG CH3TRIG CH2TRIGWrite
Reset 0 0 0 0 0 0 0 0

FTMx_EXTTRIG field descriptions

Field Description

7
TRIGF

Channel Trigger Flag

Set by hardware when a channel trigger is generated. Clear TRIGF by reading EXTTRIG while TRIGF is
set and then writing a 0 to TRIGF. Writing a 1 to TRIGF has no effect.

If another channel trigger is generated before the clearing sequence is completed, the sequence is reset
so TRIGF remains set after the clear sequence is completed for the earlier TRIGF.
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NOTE
The safe value that is driven in a channel output when the fault
control is enabled and a fault condition is detected is the
inactive state of the channel. That is, the safe value of a channel
is the value of its POL bit.

Address: Base address + 2Dh offset

Bit 7 6 5 4 3 2 1 0
Read POL7 POL6 POL5 POL4 POL3 POL2 POL1 POL0Write
Reset 0 0 0 0 0 0 0 0

FTMx_POL field descriptions

Field Description

7
POL7

Channel 7 Polarity

Defines the polarity of the channel output.

This field is write protected. It can be written only when MODE[WPDIS] = 1.

0 The channel polarity is active high.
1 The channel polarity is active low.

6
POL6

Channel 6 Polarity

Defines the polarity of the channel output.

This field is write protected. It can be written only when MODE[WPDIS] = 1.

0 The channel polarity is active high.
1 The channel polarity is active low.

5
POL5

Channel 5 Polarity

Defines the polarity of the channel output.

This field is write protected. It can be written only when MODE[WPDIS] = 1.

0 The channel polarity is active high.
1 The channel polarity is active low.

4
POL4

Channel 4 Polarity

Defines the polarity of the channel output.

This field is write protected. It can be written only when MODE[WPDIS] = 1.

0 The channel polarity is active high.
1 The channel polarity is active low.

3
POL3

Channel 3 Polarity

Defines the polarity of the channel output.

This field is write protected. It can be written only when MODE[WPDIS] = 1.

0 The channel polarity is active high.
1 The channel polarity is active low.

2
POL2

Channel 2 Polarity
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FTMx_POL field descriptions (continued)

Field Description
Defines the polarity of the channel output.

This field is write protected. It can be written only when MODE[WPDIS] = 1.

0 The channel polarity is active high.
1 The channel polarity is active low.

1
POL1

Channel 1 Polarity

Defines the polarity of the channel output.

This field is write protected. It can be written only when MODE[WPDIS] = 1.

0 The channel polarity is active high.
1 The channel polarity is active low.

0
POL0

Channel 0 Polarity

Defines the polarity of the channel output.

This field is write protected. It can be written only when MODE[WPDIS] = 1.

0 The channel polarity is active high.
1 The channel polarity is active low.

34.3.22 Fault Mode Status (FTMx_FMS)

This register contains the fault detection flags, write protection enable bit, and the logic
OR of the enable fault inputs.

Address: Base address + 2Eh offset

Bit 7 6 5 4 3 2 1 0

Read FAULTF
WPEN

FAULTIN 0 FAULTF3 FAULTF2 FAULTF1 FAULTF0

Write 0 0 0 0 0

Reset 0 0 0 0 0 0 0 0

FTMx_FMS field descriptions

Field Description

7
FAULTF

Fault Detection Flag

Represents the logic OR of the individual FAULTFn bits. Clear FAULTF by reading the FMS register while
FAULTF is set and then writing a 0 to FAULTF while there is no existing fault condition at the enabled fault
inputs. Writing a 1 to FAULTF has no effect.

If another fault condition is detected in an enabled fault input before the clearing sequence is completed,
the sequence is reset so FAULTF remains set after the clearing sequence is completed for the earlier fault
condition. FAULTF is also cleared when FAULTFn bits are cleared individually.

0 No fault condition was detected.
1 A fault condition was detected.

Table continues on the next page...
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FTMx_FMS field descriptions (continued)

Field Description
If another fault condition is detected at fault input n before the clearing sequence is completed, the
sequence is reset so FAULTFn remains set after the clearing sequence is completed for the earlier fault
condition.

0 No fault condition was detected in the fault input.
1 A fault condition was detected in the fault input.

0
FAULTF0

Fault Detection Flag 0

Set by hardware when fault control is enabled, the corresponding fault input is enabled and a fault
condition is detected in the fault input.

Clear FAULTF by reading the FMS register while FAULTFn is set and then writing a 0 to FAULTFn
FAULTF while there is no existing fault condition at the fault input n. Writing a 1 to FAULTFn has no effect.
FAULTFn bit is also cleared when FAULTF bit is cleared.

If another fault condition is detected at fault input n before the clearing sequence is completed, the
sequence is reset so FAULTFn remains set after the clearing sequence is completed for the earlier fault
condition.

0 No fault condition was detected in the fault input.
1 A fault condition was detected in the fault input.

34.3.23 Input Capture Filter Control (FTMx_FILTERn)

This register selects the filter value for the inputs of channels.

• FILTER0 supports Channels 0 and 1.
• FILTER1 supports Channels 2 and 3.
• Channels 4 and 5 do not have an input filter.

NOTE
Writing to this register has immediate effect and must be done
only when the input capture modes of the affected channels are
disabled. Failure to do this could result in a missing valid
signal.

Address: Base address + 2Fh offset + (1d × i), where i=0d to 1d

Bit 7 6 5 4 3 2 1 0
Read CHoddFVAL CHevenFVALWrite
Reset 0 0 0 0 0 0 0 0

FTMx_FILTERn field descriptions

Field Description

7–4
CHoddFVAL

Input Filter for Odd Channel

Selects the filter value for the odd-numbered channel input.

Table continues on the next page...
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FTMx_FILTERn field descriptions (continued)

Field Description
The filter is disabled when the value is zero.

3–0
CHevenFVAL

Input Filter for Even Channel

Selects the filter value for the even-numbered channel input.

The filter is disabled when the value is zero.

34.3.24 Fault Input Filter Control (FTMx_FLTFILTER)

This register selects the fault inputs and enables the fault input filter.

Address: Base address + 31h offset

Bit 7 6 5 4 3 2 1 0

Read 0 FFVAL
Write
Reset 0 0 0 0 0 0 0 0

FTMx_FLTFILTER field descriptions

Field Description

7–4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

3–0
FFVAL

Fault Input Filter

Selects the filter value for the fault inputs.

The fault filter is disabled when the value is zero.

NOTE: Writing to this field has immediate effect and must be done only when the fault control or the fault
input is disabled. Failure to do so could result in a missing fault detection.

34.3.25 Fault Input Control (FTMx_FLTCTRL)

This register selects the fault inputs and enables the fault input filter.

Address: Base address + 32h offset

Bit 7 6 5 4 3 2 1 0
Read FFLTR3EN FFLTR2EN FFLTR1EN FFLTR0EN FAULT3EN FAULT2EN FAULT1EN FAULT0ENWrite
Reset 0 0 0 0 0 0 0 0
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FTMx_FLTCTRL field descriptions (continued)

Field Description

0
FAULT0EN

Fault Input 0 Enable

Enables the fault input.

This field is write protected. It can be written only when MODE[WPDIS] = 1.

0 Fault input is disabled.
1 Fault input is enabled.

34.3.26 Quadrature Decoder Control and Status (FTMx_QDCTRL)
This register has the control and status bits for the quadrature decoder mode.

NOTE
Do not write to this register when the quadrature decoder
feature is not supported.

Address: Base address + 33h offset

Bit 7 6 5 4 3 2 1 0

Read PHAFLTRE
N

PHBFLTRE
N PHAPOL PHBPOL QUADMOD

E

QUADIR TOFDIR
QUADEN

Write

Reset 0 0 0 0 0 0 0 0

FTMx_QDCTRL field descriptions

Field Description

7
PHAFLTREN

Phase A Input Filter Enable

Enables the filter for the quadrature decoder phase A input. The filter value for the phase A input is
defined by the CH(n)FVAL field of FTMFILTER. The phase A filter is also disabled when CH(n)FVAL is
zero.

0 Phase A input filter is disabled.
1 Phase A input filter is enabled.

6
PHBFLTREN

Phase B Input Filter Enable

Enables the filter for the quadrature decoder phase B input. The filter value for the phase B input is
defined by the CH(n+1)FVAL field of FTMFILTER. The phase B filter is also disabled when CH(n+1)FVAL
is zero.

0 Phase B input filter is disabled.
1 Phase B input filter is enabled.

5
PHAPOL

Phase A Input Polarity

Selects the polarity for the quadrature decoder phase A input.

0 Normal polarity. Phase A input signal is not inverted in FTM.
1 Inverted polarity. Phase A input signal is inverted in FTM.

Table continues on the next page...

Chapter 34 FlexTimer (FTM)

MCF51JG256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 659



FTMx_QDCTRL field descriptions (continued)

Field Description

4
PHBPOL

Phase B Input Polarity

Selects the polarity for the quadrature decoder phase B input.

0 Normal polarity. Phase B input signal is not inverted in FTM.
1 Inverted polarity. Phase B input signal is inverted in FTM.

3
QUADMODE

Quadrature Decoder Mode

Selects the encoding mode used in the quadrature decoder mode.

0 Phase A and phase B encoding mode.
1 Count and direction encoding mode.

2
QUADIR

FTM Counter Direction in Quadrature Decoder Mode

Indicates the counting direction and it is updated according to selected encoding mode.

0 Counting direction is decreasing. FTM counter decrement.
1 Counting direction is increasing. FTM counter increment.

1
TOFDIR

Timer Overflow Direction in Quadrature Decoder Mode

Indicates if the TOF bit was set on the top or the bottom of counting.

0 TOF bit was set on the bottom of counting. There was an FTM counter decrement and FTM counter
changes from its minimum value to its maximum value.

1 TOF bit was set on the top of counting. There was an FTM counter increment and FTM counter
changes from its maximum value to its minimum value.

0
QUADEN

Quadrature Decoder Mode Enable

Enables the quadrature decoder mode. In this mode, the phase A and B input signals control the FTM
counter direction. The quadrature decoder mode has precedence over the other modes. (See the table
Mode, Edge, and Level Selection in the description of the CnSC register.)

This field is write protected. It can be written only when MODE[WPDIS] = 1.

0 Quadrature decoder mode is disabled.
1 Quadrature decoder mode is enabled.

34.4 Functional Description
The following sections describe the FTM features.

The notation used in this document to represent the counters and the generation of the
signals is shown in the following figure.
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Channel (n) - high-true EPWM

FTM counter

0

3 4 0 1 2 3 4 0 1 2 3 4 0 1 2

0 0 0 0 0 01 1 1 1 1 1 11 1 1 1 1 1 1 10 0 0 0 0 0 0 0prescaler counter

channel (n) output

counter
overflow

channel (n)
match

counter
overflow

channel (n)
match

channel (n)
match

counter
overflow

PS[2:0] = 001
CNTINH:L = 0x0000
MODH:L = 0x0004
CnVH:L = 0x0002

Figure 34-143. Notation used

34.4.1 Clock Source
FTM module has only one clock domain that is the system clock.

34.4.1.1 Counter Clock Source

The CLKS[1:0] bits in the SC register select one of three possible clock sources for the
FTM counter or disable the FTM counter. After any MCU reset, CLKS[1:0] = 0:0 so no
clock source is selected.

The CLKS[1:0] bits may be read or written at any time. Disabling the FTM counter by
writing 0:0 to the CLKS[1:0] bits does not affect the FTM counter value or other
registers.

The fixed frequency clock is an alternative clock source for the FTM counter that allows
the selection of a clock other than the system clock or an external clock. This clock input
is defined by chip integration. Refer to chip specific documentation for further
information. Due to FTM hardware implementation limitations, the frequency of the
fixed frequency clock must not exceed the system clock frequency.
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The external clock passes through a synchronizer clocked by the system clock to ensure
that counter transitions are properly aligned to system clock transitions. Therefore, to
meet the Nyquist criteria and account for jitter, the frequency of the external clock source
must not exceed 1/4 of the system clock frequency.

34.4.2 Prescaler
The selected counter clock source passes through a prescaler that is a 7-bit counter. The
value of the prescaler is selected by the PS[2:0] bits. The following figure shows an
example of the prescaler counter and FTM counter.

FTM counter

0

0

00 0

0 0

0 00 0 01

1 12 23 3

11 1 1 11 1 1

1

EPWM

selected input clock

prescaler counter

PS[2:0] = 001
CNTINH:L = 0x0000
MODH:L = 0x0003

Figure 34-144. Example of the prescaler counter

34.4.3 Counter
The FTM has a 16-bit counter that is used by the channels either for input or output
modes. The FTM counter clock is the selected clock divided by the prescaler (see
Prescaler).

The FTM counter has these modes of operation:

• up counting (see Up counting)
• up-down counting (see Up-down counting)
• quadrature mode, if it is supported (see Quadrature Decoder Mode)

34.4.3.1 Up counting

Up counting is selected when (CPWMS = 0) and, if the quadrature decoder feature is
supported, when (QUADEN = 0).

Functional Description
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CNTINH:L defines the starting value of the count and MODH:L defines the final value
of the count; see the following figure. The value of CNTINH:L is loaded into the FTM
counter, and the counter increments until the value of MODH:L is reached, at which
point the counter is reloaded with CNTINH:L.

The FTM period when using up counting is (MODH:L – CNTINH:L + 0x0001) × period
of the FTM counter clock.

The TOF bit is set when the FTM counter changes from MODH:L to CNTINH:L.

FTM counting is up

FTM counter (in decimal values)

period of FTM counter clock

MODH:L = 0x0004

TOF bit

set TOF bitset TOF bit set TOF bit

4 -4 -3 -2 -1 -4 -3 -2 -10 1 2 3 4 0 1 2 3 4 -4 -3

CNTINH:L = 0xFFFC (in two's complement is equal to -4)

period of counting = (MODH:L - CNTINH:L + 0x0001) x period of FTM counter clock

Figure 34-145. Example of FTM up and signed counting

If (CNTINH:L = 0x0000), the FTM counting is equivalent to TPM up counting; that is,
up and unsigned counting. See the following figure. If (CNTINH[7] = 1), then the initial
value of the FTM counter is a negative number in two's complement format, so the FTM
counting is up and signed. Conversely, if (CNTINH[7] = 0 and CNTINH:L ≠ 0x0000),
then the initial value of the FTM counter is a positive number, therefore the FTM
counting is up and unsigned.
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CNTINH:L = 0x0000
MODH:L = 0x0004

FTM counting is up

= (MODH:L + 0x0001) x period of FTM counter clock

TOF bit

3 4 0 01 12 23 34 4 0 1 2FTM counter

set TOF bit

period of FTM counter clock

period of counting = (MODH:L - CNTINH:L + 0x0001) x period of FTM counter clock

set TOF bit set TOF bit

Figure 34-146. Example of FTM up counting with CNTIN = 0x0000

Note
• FTM operation is valid only when the value of the

CNTINH:L registers is less than the value of the MODH:L
registers, either in the unsigned counting or signed
counting.. Software must ensure that the values in the
CNTINH:L and MODH:L registers meet this requirement.
Any values of CNTINH:L and MODH:L that do not satisfy
this criteria can result in unpredictable behavior.

• MODH:L = CNTINH:L is a redundant condition. In this
case, the FTM counter is always equal to MODH:L and the
TOF bit is set in each rising edge of the FTM counter
clock.

• When MODH:L = 0x0000, CNTINH:L = 0x0000 (for
example after reset), and FTMEN = 1, the FTM counter
remains stopped at 0x0000 until a non-zero value is written
into the MODH:L or CNTINH:L registers.

• Setting CNTINH:L to be greater than the value of
MODH:L is not recommended as this unusual setting may
make the FTM operation difficult to comprehend.
However, there is no restriction on this configuration, and
an example is shown in the following figure.
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FTM counter ......

FTM counting is up

TOF bit

0x0005 0x0015 0x0016 0xFFFE 0xFFFF 0x0000 0x0001 0x0002 0x0003 0x0004 0x0005 0x0015 0x0016

MODH:L = 0x0005
CNTINH:L = 0x0015

load of CNTINH:L

set TOF bit set TOF bit

load of CNTINH:L

Figure 34-147. Example of up counting when the value of CNTIN registers is greater
than the value of MOD registers

34.4.3.2 Up-down counting

Up-down counting is selected when (CPWMS = 1) and, if the quadrature decoder feature
is supported, when (QUADEN = 0).

CNTINH:L defines the starting value of the count and MODH:L defines the final value
of the count. The value of CNTINH:L is loaded into the FTM counter, and the counter
increments until the value of MODH:L is reached, at which point the counter is
decremented until it returns to the value of CNTINH:L and the up-down counting
restarts.

The FTM period when using up-down counting is 2 × (MODH:L – CNTINH:L) × period
of the FTM counter clock.

The TOF bit is set when the FTM counter changes from MODH:L to (MODH:L – 1).

If (CNTINH:L = 0x0000), the FTM counting is equivalent to TPM up-down counting;
that is, up-down and unsigned counting. See the following figure.
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FTM counter 0 0 01 1 11 12 2 22 23 3 33 34 4 4

FTM counting is up-down

TOF bit

set TOF bit set TOF bit

CNTINH:L = 0x0000
MODH:L = 0x0004

period of FTM counter clock
period of counting = 2 x (MODH:L - CNTINH:L) x period of FTM counter clock

= 2 x MODH:L x period of FTM counter clock

Figure 34-148. Example of up-down counting when CNTIN = 0x0000

Note
• The up-down counting is available only when (CNTINH:L

= 0x0000).

• The configuration with (CNTINH:L ≠ 0x0000) when
(CPWMS = 1) is not recommended and its results are not
guaranteed.

34.4.3.3 Free running counter

If (FTMEN = 0) and (MODH:L = 0x0000 or MODH:L = 0xFFFF), the FTM counter is a
free running counter. In this case, the FTM counter runs free from 0x0000 through
0xFFFF and the TOF bit is set when the FTM counter changes from 0xFFFF to 0x0000
See the following figure.

FTM counter 0x00040x0004 0xFFFE 0xFFFF0x0003 0x0000 0x0001 0x0002 0x0003 0x0005 0x0006

TOF bit

... ... ...

FTMEN = 0

set TOF bit

MODH:L = 0x0000

Figure 34-149. Example when the FTM counter is a free running

The FTM counter is also a free running counter when all of the following apply:
• (FTMEN = 1)
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• (CPWMS = 0)
• (CNTINH:L = 0x0000)
• (MODH:L = 0xFFFF)
• (QUADEN = 0) if the quadrature decoder feature is supported

In this case, the FTM counter runs free from 0x0000 through 0xFFFF and the TOF bit is
set when the FTM counter changes from 0xFFFF to 0x0000.

34.4.3.4 Counter reset

Any write to CNTH or CNTL register resets the FTM counter to the value of CNTINH:L
and the channels output to its initial value, except for channels in output compare mode.

The FTM counter synchronization can also be used to force the value of CNTINH:L into
the FTM counter and the channels output to its initial value, except for channels in output
compare mode.

34.4.4 Input capture mode
The input capture mode is selected when (DECAPEN = 0), (COMBINE = 0), (CPWMS
= 0), (MSnB:MSnA = 0:0), and (ELSnB:ELSnA ≠ 0:0).

When a selected edge occurs on the channel input, the current value of the FTM counter
is captured into the CnVH:L registers. At the same time, the CHnF bit is set and the
channel interrupt is generated if enabled by CHnIE = 1. See the following figure.

When a channel is configured for input capture, the CHn pin is an edge-sensitive input.
ELSnB:ELSnA control bits determine which edge, falling or rising, triggers input-capture
event. Note that the maximum frequency for the channel input signal to be detected
correctly is system clock divided by four, which is required to meet Nyquist criteria for
signal sampling.

When either half of the 16-bit capture register (CnVH:L) is read, the other half is latched
into a buffer to support coherent 16-bit access in big-endian or little-endian order. This
read coherency mechanism can be manually reset by writing to CnSC register.

Writes to the CnVH:L registers are ignored in input capture mode.

While in BDM, the input capture function works as configured. When a selected edge
event occurs, the FTM counter value, which is frozen because of BDM, is captured into
the CnVH:L registers and the CHnF bit is set.
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channel (n) input

synchronizer

1

is filter 
enabled?

edge
detector

was falling
edge selected?

was rising
edge selected?

rising edge

falling edge

0

1

1

0

0 0

CnVH:L[15:0]

FTM counter 

D Q

CLK

D Q

CLKsystem clock

channel (n) interruptCHnIE

CHnF

Filter*

0

* NOTE:  Filtering function is only available in the inputs of channel 0, 1, 2, and 3

Figure 34-150. Input capture mode

If the channel input does not have a filter enabled, then the input signal is always delayed
three rising edges of the system clock; that is, two rising edges to the synchronizer plus
one more rising edge to the edge detector. In other words, the CHnF bit is set on the third
rising edge of the system clock after a valid edge occurs on the channel input.

Note
• Input capture mode is available only with (CNTINH:L =

0x0000).

• Input capture mode with (CNTINH:L ≠ 0x0000) is not
recommended and its results are not guaranteed.

34.4.4.1 Filter for input capture mode

The filter function is available only on channels 0, 1, 2, and 3.

Firstly, the input signal is synchronized by the system clock. Following synchronization,
the input signal enters the filter block; see the following figure. When there is a state
change in the input signal, the 5-bit counter is reset and starts counting up. As long as the
new state is stable on the input, the counter continues to increment. If the 5-bit counter
overflows (the counter exceeds the value of the CHnFVAL[3:0] bits), the state change of
the input signal is validated. It is then transmitted as a pulse edge to the edge detector.
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system clock

5-bit up counter Logic to define
the filter output

filter output

divided by 4

channel (n) input after
the synchronizer

Logic to control
the filter counter

CHnFVAL[3:0]

C

S Q

CLK

Figure 34-151. Channel input filter

If the opposite edge appears on the input signal before validation, the counter is reset. At
the next input transition, the counter starts counting again. Any pulse shorter than the
minimum valid width (CHnFVAL[3:0] bits × 4 system clocks) is regarded as a glitch and
is not passed on to the edge detector. A timing diagram of the input filter is shown in the
following figure.

The filter function is disabled when CHnFVAL[3:0] bits are zero. In this case, the input
signal is delayed three rising edges of the system clock. If (CHnFVAL[3:0] ≠ 0000), then
the input signal is delayed by the minimum pulse width (CHnFVAL[3:0] × 4 system
clocks) plus a further four rising edges of the system clock (two rising edges to the
synchronizer, one rising edge to the filter output plus one more to the edge detector). In
other words, CHnF is set (4 + 4 × CHnFVAL[3:0]) system clock periods after a valid
edge occurs on the channel input.

The clock for the 5-bit counter in the channel input filter is the system clock divided by 4.

CHnFVAL[3:0] = 0010
   (binary value)

channel (n) input
 after the synchronizer

5-bit counter

filter output

system clock divided by 4

Time

Figure 34-152. Channel input filter example

34.4.5 Output compare mode
The output compare mode is selected when (DECAPEN = 0), (COMBINE = 0),
(CPWMS = 0) and (MSnB:MSnA = 0:1).
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In output compare mode, the FTM can generate timed pulses with programmable
position, polarity, duration, and frequency. When the counter matches the value in the
CnVH:CnVL registers of an output compare channel, the channel (n) output can be set,
cleared, or toggled.

When a channel is initially configured to toggle mode, the previous value of the channel
output is held until the first output compare event occurs.

The CHnF bit is set and the channel (n) interrupt is generated (if CHnIE = 1) at the
channel (n) match (FTM counter = CnVH:CnVL).

TOF bit

...... 0 1 1 12 23 34 45 50 0

previous value

previous value

channel (n) output

counter
overflow

counter
overflow

counter
overflow

channel (n)
match

channel (n)
match

CNTH:L

MODH:L = 0x0005
CnVH:L = 0x0003

CHnF bit

Figure 34-153. Example of the output compare mode when the match toggles the
channel output

TOF bit

...... 0 1 1 12 23 34 45 50 0

previous value

previous value

channel (n) output

counter
overflow

counter
overflow

counter
overflow

channel (n)
match

channel (n)
match

CNTH:L

MODH:L = 0x0005
CnVH:L = 0x0003

CHnF bit

Figure 34-154. Example of the output compare mode when the match clears the channel
output

channel (n) output

CHnF bit

TOF bit

CNTH:L

MODH:L = 0x0005
CnVH:L = 0x0003

counter
overflow

channel (n)
match

counter
overflow

channel (n)
match

counter
overflow

... 0 1 2 3 4 5 0 1 2 3 4 5 0 1 ...

previous value

previous value

Figure 34-155. Example of the output compare mode when the match sets the channel
output
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It is possible to use the output compare mode with (ELSnB:ELSnA = 0:0). In this case,
when the counter reaches the value in the CnVH:CnVL registers, the CHnF bit is set and
the channel (n) interrupt is generated, if CHnIE = 1. However, the channel (n) output is
not modified and controlled by FTM.

Note
• Output compare mode is available only with

(CNTINH:CNTINL = 0x0000).

• Output compare mode with (CNTINH:CNTINL ≠ 0x0000)
is not recommended and its results are not guaranteed.

34.4.6 Edge-aligned PWM (EPWM) mode
The edge-aligned mode is selected when all of the following apply:

• (DECAPEN = 0)
• (COMBINE = 0)
• (CPWMS = 0)
• (MSnB = 1)
• (QUADEN = 0) if the quadrature decoder feature is supported

The EPWM period is determined by (MODH:L – CNTINH:L + 0x0001) and the pulse
width (duty cycle) is determined by (CnVH:L – CNTINH:L).

The CHnF bit is set and the channel (n) interrupt is generated (if CHnIE = 1) at the
channel (n) match (FTM counter = CnVH:L), that is, at the end of the pulse width.

This type of PWM signal is called edge-aligned because the leading edges of all PWM
signals are aligned with the beginning of the period, which is the same for all channels
within an FTM.

period

counter overflow counter overflow counter overflow

channel (n) output

channel (n) match channel (n) match channel (n) match

pulse
width

Figure 34-156. EPWM period and pulse width with ELSnB:ELSnA = 1:0

If (ELSnB:ELSnA = 0:0) when the counter reaches the value in the CnVH:L registers,
the CHnF bit is set and the channel (n) interrupt is generated (if CHnIE = 1), however,
the channel (n) output is not controlled by FTM.
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If (ELSnB:ELSnA = 1:0), then the channel (n) output is forced high at the counter
overflow, when the value of CNTINH:L is loaded into the FTM counter. Additionally, it
is forced low at the channel (n) match, when the FTM counter = CnVH:L. See the
following figure.

TOF bit

CHnF bit

CNTH:L

channel (n) output

MODH:L = 0x0008
CnVH:L = 0x0005

counter
overflow

channel (n)
match

counter
overflow

... 0 1 2 3 4 5 6 7 8 0 1 2 ...

previous value

Figure 34-157. EPWM signal with ELSnB:ELSnA = 1:0

If (ELSnB:ELSnA = X:1), then the channel (n) output is forced low at the counter
overflow, when the value of CNTINH:L is loaded into the FTM counter. Additionally, it
is forced high at the channel (n) match, when the FTM counter = CnVH:L. See the
following figure.

TOF bit

CHnF bit

CNTH:L

channel (n) output

MODH:L = 0x0008
CnVH:L = 0x0005

counter
overflow

channel (n)
match

counter
overflow

... 0 1 2 3 4 5 6 7 8 0 1 2 ...

previous value

Figure 34-158. EPWM signal with ELSnB:ELSnA = X:1

If (CnVH:L = 0x0000), then the channel (n) output is a 0% duty cycle EPWM signal and
CHnF bit is not set, even when there is the channel (n) match. If (CnVH:L > MODH:L),
then the channel (n) output is a 100% duty cycle EPWM signal and CHnF bit is not set,
even when there is the channel (n) match. Therefore, MODH:MODL must be less than
0xFFFF in order to get a 100% duty cycle EPWM signal.

Note
• EPWM mode is available only with (CNTINH:L =

0x0000).

• EPWM mode with (CNTINH:L ≠ 0x0000) is not
recommended and its results are not guaranteed.
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34.4.7 Center-aligned PWM (CPWM) mode
The center-aligned mode is selected when all of the following apply:

• (QUADEN = 0) if the quadrature decoder feature is supported
• (DECAPEN = 0)
• (COMBINE = 0)
• (CPWMS = 1)

The CPWM pulse width (duty cycle) is determined by 2 × (CnVH:L – CNTINH:L). The
period is determined by 2 × (MODH:L – CNTINH:L). See the following figure.
MODH:L must be kept in the range of 0x0001 to 0x7FFF because values outside this
range can produce ambiguous results.

In the CPWM mode, the FTM counter counts up until it reaches MODH:L and then
counts down until it reaches the value of CNTINH:L.

The CHnF bit is set and channel (n) interrupt is generated (if CHnIE = 1) at the channel
(n) match (FTM counter = CnVH:L) when the FTM counting is down, at the begin of the
pulse width, and when the FTM counting is up, at the end of the pulse width.

This type of PWM signal is called center-aligned because the pulse width centers for all
channels are aligned with the value of CNTINH:L.

The other channel modes are not compatible with the up-down counter (CPWMS = 1).
Therefore, all FTM channels must be used in CPWM mode when (CPWMS = 1).

pulse width

counter overflow
FTM counter =

MODH:L

period

2 x (CnVH:L - CNTINH:L)

2 x (MODH:L - CNTINH:L)

FTM counter =
CNTINH:L

channel (n) match
(FTM counting

is down)

channel (n) match
(FTM counting

is up)

counter overflow
FTM counter =

MODH:L

channel (n) output

Figure 34-159. CPWM period and pulse width with ELSnB:ELSnA = 1:0

If (ELSnB:ELSnA = 0:0) when the counter reaches the value in the CnVH:L registers,
the CHnF bit is set and the channel (n) interrupt is generated (if CHnIE = 1), however the
channel (n) output is not controlled by FTM.
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If (ELSnB:ELSnA = 1:0), then the channel (n) output is forced high at the channel (n)
match (FTM counter = CnVH:L) when counting down, and it is forced low at the channel
(n) match when counting up; see the following figure.

TOF bit

... 7 8 87 7 76 6 6 5 5 54 43 32 21 0 1 ...

previous value

CNTH:L

channel (n) output

counter
overflow

channel (n) match in
down counting

channel (n) match in
up counting

channel (n) match in
down counting

counter
overflow

CHnF bit

MODH:L = 0x0008
CnVH:L = 0x0005

Figure 34-160. CPWM signal with ELSnB:ELSnA = 1:0

If (ELSnB:ELSnA = X:1), then the channel (n) output is forced low at the channel (n)
match (FTM counter = CnVH:L) when counting down, and it is forced high at the
channel (n) match when counting up; see the following figure.

TOF bit

... 7 8 87 7 76 6 6 5 5 54 43 32 21 0 1 ...

previous value

CNTH:L

channel (n) output

counter
overflow

channel (n) match in
down counting

channel (n) match in
up counting

channel (n) match in
down counting

counter
overflow

CHnF bit

MODH:L = 0x0008
CnVH:L = 0x0005

Figure 34-161. CPWM signal with ELSnB:ELSnA = X:1

If (CnVH:L = 0x0000) or (CnVH:L is a negative value, that is, CnVH[7] = 1) then the
channel (n) output is a 0% duty cycle CPWM signal and CHnF bit is not set even when
there is the channel (n) match.

If (CnVH:L is a positive value, that is, CnVH[7] = 0), (CnVH:L ≥ MODH:L), and
(MODH:L ≠ 0x0000), then the channel (n) output is a 100% duty cycle CPWM signal
and CHnF bit is not set even when there is the channel (n) match. This implies that the
usable range of periods set by MODH:L is 0x0001 through 0x7FFE, or 0x7FFF if you do
not need to generate a 100% duty cycle CPWM signal. This is not a significant limitation
because the resulting period is much longer than required for normal applications.

The CPWM mode must not be used when the FTM counter is a free running counter.
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Note
• CPWM mode is available only with (CNTINH:L =

0x0000).

• CPWM mode with (CNTINH:L ≠ 0x0000) is not
recommended and its results are not guaranteed.

34.4.8 Combine mode
The combine mode is selected when all of the following apply:

• (FTMEN = 1)
• (QUADEN = 0) if the quadrature decoder feature is supported
• (DECAPEN = 0)
• (COMBINE = 1)
• (CPWMS = 0)

In combine mode, the even channel (n) and adjacent odd channel (n+1) are combined to
generate a PWM signal in the channel (n) output.

In the combine mode, the PWM period is determined by (MODH:L – CNTINH:L +
0x0001) and the PWM pulse width (duty cycle) is determined by (|C(n+1)VH:L –
C(n)VH:L|).

The CHnF bit is set and the channel (n) interrupt is generated (if CHnIE = 1) at the
channel (n) match (FTM counter = C(n)VH:L). The CH(n+1)F bit is set and the channel
(n+1) interrupt is generated (if CH(n+1)IE = 1) at the channel (n+1) match (FTM counter
= C(n+1)VH:C(n+1)VL).

If (ELSnB:ELSnA = 1:0), then the channel (n) output is forced low at the beginning of
the period (FTM counter = CNTINH:L) and at the channel (n+1) match (FTM counter =
C(n+1)VH:L). It is forced high at the channel (n) match (FTM counter = C(n)VH:L). See
the following figure.

If (ELSnB:ELSnA = X:1), then the channel (n) output is forced high at the beginning of
the period (FTM counter = CNTINH:L) and at the channel (n+1) match (FTM counter =
C(n+1)VH:L). It is forced low at the channel (n) match (FTM counter = C(n)VH:L). See
the following figure.

In combine mode, the ELS(n+1)B and ELS(n+1)A bits are not used in the generation of
the channels (n) and (n+1) output.
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FTM counter
channel (n) match

channel (n+1) match

channel (n) output

with ELSnB:ELSnA = X:1

with ELSnB:ELSnA = 1:0

channel (n) output

Figure 34-162. Combine mode

The following figures illustrate the generation of PWM signals using combine mode.

FTM counter

CNTINH:L

C(n+1)VH:L

channel (n) output
with ELSnB:ELSnA = 1:0

channel (n) output
with ELSnB:ELSnA = X:1

MODH:L

C(n)VH:L

Figure 34-163. Channel (n) output if (CNTIN < C(n)V < MOD) and (CNTIN < C(n+1)V <
MOD) and (C(n)V < C(n+1)V)

FTM counter

CNTINH:L

C(n+1)VH:L

channel (n) output
with ELSnB:ELSnA = 1:0

channel (n) output
with ELSnB:ELSnA = X:1

MODH:L =

C(n)VH:L

Figure 34-164. Channel (n) output if (CNTIN < C(n)V < MOD) and (C(n+1)V = MOD)
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FTM counter

CNTINH:L

C(n+1)VH:L

channel (n) output
with ELSnB:ELSnA = 1:0

channel (n) output
with ELSnB:ELSnA = X:1

MODH:L

C(n)VH:L =

Figure 34-165. Channel (n) output if (C(n)V = CNTIN) and (CNTIN < C(n+1)V < MOD)

FTM counter

CNTINH:L

C(n+1)VH:L

not fully 100% duty cycle
channel (n) output

with ELSnB:ELSnA = 1:0

not fully 0% duty cyclechannel (n) output
with ELSnB:ELSnA = X:1

MODH:L =

C(n)VH:L

Figure 34-166. Channel (n) output if (CNTIN < C(n)V < MOD) and (C(n)V is almost equal
to CNTIN) and (C(n+1)V = MOD)

FTM counter

CNTINH:L

C(n+1)VH:L

not fully 100% duty cycle
channel (n) output

with ELSnB:ELSnA = 1:0

channel (n) output
with ELSnB:ELSnA = X:1

not fully 0% duty cycle

MODH:L

C(n)VH:L =

Figure 34-167. Channel (n) output if (C(n)V = CNTIN) and (CNTIN < C(n+1)V < MOD) and
(C(n+1)V is almost equal to MOD)
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FTM counter

CNTINH:L

C(n+1)VH:L

0% duty cyclechannel (n) output
with ELSnB:ELSnA = 1:0

100% duty cyclechannel (n) output
with ELSnB:ELSnA = X:1

C(n)VH:L

MODH:L

Figure 34-168. Channel (n) output if C(n)V and C(n+1)V are not between CNTIN and MOD

FTM counter

CNTINH:L

C(n+1)VH:L = 
C(n)VH:L

0% duty cyclechannel (n) output
with ELSnB:ELSnA = 1:0

channel (n) output
with ELSnB:ELSnA = X:1 100% duty cycle

MODH:L

Figure 34-169. Channel (n) output if (CNTIN < C(n)V < MOD) and (CNTIN < C(n+1)V <
MOD) and (CnV = C(n+1)V)
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FTM counter

CNTINH:L

C(n+1)VH:L =
C(n)VH:L =

channel (n) output
with ELSnB:ELSnA = 1:0

channel (n) output
with ELSnB:ELSnA = X:1

100% duty cycle

0% duty cycle

MODH:L

Figure 34-170. Channel (n) output if (C(n)V = C(n+1)V = CNTIN)

FTM counter

CNTINH:L

channel (n) output
with ELSnB:ELSnA = 1:0

channel (n) output
with ELSnB:ELSnA = X:1

100% duty cycle

0% duty cycle

MODH:L =
C(n+1)VH:L =

C(n)VH:L

Figure 34-171. Channel (n) output if (C(n)V = C(n+1)V = MOD)

channel (n) match
is ignored

FTM counter

CNTINH:L

C(n+1)VH:L 

channel (n) output
with ELSnB:ELSnA = 1:0

channel (n) output
with ELSnB:ELSnA = X:1 100% duty cycle

0% duty cycle

MODH:L

C(n)VH:L

Figure 34-172. Channel (n) output if (CNTIN < C(n)V < MOD) and (CNTIN < C(n+1)V <
MOD) and (C(n)V > C(n+1)V)
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FTM counter

CNTINH:L

C(n)VH:L

channel (n) output
with ELSnB:ELSnA = 1:0

channel (n) output
with ELSnB:ELSnA = X:1

0% duty cycle

100% duty cycle

MODH:L

C(n+1)VH:L

Figure 34-173. Channel (n) output if (C(n)V < CNTIN) and (CNTIN < C(n+1)V < MOD)

C(n+1)VH:L

channel (n) output
with ELSnB:ELSnA = X:1

FTM counter

channel (n) output
with ELSnB:ELSnA = 1:0

C(n)VH:L

MODH:L

CNTINH:L

Figure 34-174. Channel (n) output if (C(n+1)V < CNTIN) and (CNTIN < C(n)V < MOD)
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FTM counter

CNTINH:L

channel (n) output
with ELSnB:ELSnA = 1:0

channel (n) output
with ELSnB:ELSnA = X:1 100% duty cycle

0% duty cycle

MODH:L

C(n)VH:L

C(n+1)VH:L

Figure 34-175. Channel (n) output if (C(n)V > MOD) and (CNTIN < C(n+1)V < MOD)

C(n)VH:L

CNTINH:L

channel (n) output
with ELSnB:ELSnA = X:1

channel (n) output
with ELSnB:ELSnA = 1:0

FTM counter

C(n+1)VH:L

MODH:L

Figure 34-176. Channel (n) output if (C(n+1)V > MOD) and (CNTIN < C(n)V < MOD)

Chapter 34 FlexTimer (FTM)

MCF51JG256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 681



FTM counter

CNTINH:L

C(n+1)VH:L

not fully 0% duty cyclechannel (n) output
with ELSnB:ELSnA = 1:0

not fully 100% duty cycle
channel (n) output

with ELSnB:ELSnA = X:1

C(n)VH:L
MODH:L =

Figure 34-177. Channel (n) output if (C(n+1)V > MOD) and (CNTIN < C(n)V = MOD)

34.4.8.1 Asymmetrical PWM

In the combine mode, the control of the PWM signal first edge (when the channel (n)
match occurs, that is, FTM counter = C(n)VH:L) is independent of the control of the
PWM signal second edge (when the channel (n+1) match occurs, that is, FTM counter =
C(n+1)VH:L). So, the combine mode allows to generate asymmetrical PWM signals.

34.4.9 Complementary mode
The complementary mode is selected when all of the following apply:

• (FTMEN = 1)
• (QUADEN = 0) if the quadrature decoder feature is supported
• (DECAPEN = 0)
• (COMBINE = 1)
• (CPWMS = 0)
• (COMP = 1)

In complementary mode the channel (n+1) output is the inverse of the channel (n) output.

The channel (n+1) output is the same as the channel (n) output if all of the following
apply:

• (FTMEN = 1)
• (QUADEN = 0) if the quadrature decoder feature is supported
• (DECAPEN = 0)
• (COMBINE = 1)
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• (CPWMS = 0)
• (COMP = 0)

FTM counter

channel (n+1) match

channel (n+1) output
with COMP = 1

channel (n+1) output
with COMP = 0

channel (n) output
with ELSnB:ELSnA = 1:0

channel (n) match

Figure 34-178. Channel (n+1) output in complementary mode with (ELSnB:ELSnA = 1:0)

FTM counter

channel (n+1) match

channel (n+1) output
with COMP = 1

channel (n+1) output
with COMP = 0

channel (n) output
with ELSnB:ELSnA = X:1

channel (n) match

Figure 34-179. Channel (n+1) output in complementary mode with (ELSnB:ELSnA = X:1)

34.4.10 Update of the registers with write buffers
This section describes the updating of registers that have write buffers.

34.4.10.1 CNTINH:L registers

CNTINH:L registers are always updated with their write buffer after both bytes have
been written.

34.4.10.2 MODH:L registers

If (CLKS[1:0] = 0:0), then MODH:L registers are updated when their second byte is
written, independent of FTMEN bit.
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If (CLKS[1:0] ≠ 0:0 and FTMEN = 0), then MODH:L registers are updated according to
the CPWMS bit:

• If the selected mode is not CPWM mode, then MODH:L registers are updated after
both bytes have been written and the FTM counter changes from (MODH:L) to
(CNTINH:L). If the FTM counter is a free-running counter, then this update is made
when the FTM counter changes from 0xFFFF to 0x0000.

• If the selected mode is CPWM mode, then MODH:L registers are updated after both
bytes have been written and the FTM counter changes from MODH:L to (MODH:L
– 0x0001).

If (CLKS[1:0] ≠ 0:0 and FTMEN = 1), then MODH:L registers are updated by PWM
synchronization. See MODH:L registers synchronization.

34.4.10.3 CnVH:L registers

If (CLKS[1:0] = 0:0), then CnVH:L registers are updated when their second byte is
written, independent of FTMEN bit.

If (CLKS[1:0] ≠ 0:0 and FTMEN = 0), then CnVH:L registers are updated according to
the selected mode:

• If the selected mode is output compare mode, then CnVH:L registers are updated
after their second byte is written and on the next change of the FTM counter.

• If the selected mode is EPWM mode, the CnVH:L registers are updated after both
bytes have been written and the FTM counter changes from MODH:L to CNTINH:L.
If the FTM counter is a free running counter, then this update is made when the FTM
counter changes from 0xFFFF to 0x0000.

• If the selected mode is CPWM mode, then CnVH:L registers are updated after both
bytes have been written and the FTM counter changes from MODH:L to (MODH:L
– 0x0001).

If (CLKS[1:0] ≠ 0:0 and FTMEN = 1), then CnVH:L registers are updated according to
the selected mode:

Functional Description

MCF51JG256 Reference Manual, Rev. 1, 01/2013

684 Freescale Semiconductor, Inc.



• If the selected mode is output compare mode, then CnVH:L registers are updated
according to the SYNCEN bit. If (SYNCEN = 0), then CnVH:L registers are updated
after their second byte is written and on the next change of the FTM counter. If
(SYNCEN = 1), then CnVH:L registers are updated by PWM synchronization. See
CnVH:L registers synchronization.

• If the selected mode is not output compare mode and (SYNCEN = 1), then CnVH:L
registers are updated by PWM synchronization. See CnVH:L registers
synchronization.

34.4.11 PWM synchronization
PWM synchronization provides an opportunity to update registers with the contents of
their write buffers. It can also be used to synchronize two or more FlexTimer modules on
the same MCU.

PWM synchronization updates the MODH:L and CnVH:L registers with their write
buffers. It is also possible to force the FTM counter to its initial value and update the
CHnOM bits in OUTMASK using PWM synchronization.

Note

PWM synchronization is available only in combine mode.

34.4.11.1 Hardware trigger

Each hardware trigger is synchronized by the system clock. The input signals are:
trigger_0, trigger_1, and trigger_2.

A rising edge on the selected hardware trigger input (trigger n event) initiates PWM
synchronization. A hardware trigger is selected when its enable bit is set (TRIGn = 1
where n = 0, 1, or 2). The TRIGn bit is cleared when 0 is written to it or when the trigger
n event is detected.

For example, if TRIG0 and TRIG1 are enabled and only the trigger 1 event occurs, only
the TRIG1 bit is cleared.

If a trigger n event occurs together with a write to set the TRIGn bit, then the
synchronization is made, but the TRIGn bit remains set because of the last write.
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write 1 to TRIG0 bit

system clock

synchronized trigger_0

trigger 0 event

Notes
- All hardware trigger (input signals: trigger_0, trigger_1, and trigger_2) have this same behavior

TRIG0 bit

trigger_0 input

by system clock

Figure 34-180. Hardware trigger event

34.4.11.2 Software trigger

A software trigger event occurs when 1 is written to the SWSYNC bit. The SWSYNC bit
is cleared when 0 is written to it or when the PWM synchronization, which is initiated by
the software event, is completed.

If the software trigger event occurs together with the event that clears the SWSYNC bit,
then the synchronization is made using this trigger event and the SWSYNC bit remains
set because of the last write.

For example, if PWMSYNC = 0 and REINIT = 0 and there is a software trigger event,
then the load of MODH:L and CnVH:L registers is made only at the boundary cycle
(CNTMIN and CNTMAX). In this case, the SWSYNC bit is cleared only at the boundary
cycle, so you do not know when this bit is cleared. Therefore, it is possible a new write to
set SWSYNC happens when FTM is clearing the SWSYNC because it is the selected
boundary cycle of PWM synchronization that was started previously by the software
trigger event.

Functional Description

MCF51JG256 Reference Manual, Rev. 1, 01/2013

686 Freescale Semiconductor, Inc.



SWSYNC bit

system clock

PWM synchronization

software trigger event

write 1 to SWSYNC bit

Figure 34-181. Software Trigger event

34.4.11.3 Boundary cycle

The CNTMAX and CNTMIN bits select the boundary cycle when the MODH:L and 
CnVH:L registers are updated with the value of their write buffer by PWM
synchronization, except if (PWMSYNC = 0 and REINIT = 1).

If CNTMIN = 1, then the boundary cycle is the CNTINH:L value. MODH:L and 
CnVH:L registers are updated when the FTM counter reaches the CNTINH:L value. If
CPWMS = 0, then CNTINH:L is reached when the FTM counter changes from MODH:L
to CNTINH:L. If CPWMS = 1, then CNTINH:L is reached when the FTM counter
changes from (CNTINH:L + 0x0001) to CNTINH:L.

If CNTMAX = 1, then the boundary cycle is the MODH:L value. MODH:L and CnVH:L
registers are updated when the FTM counter reaches the MODH:L value. MODH:L is
reached when the FTM counter changes from (MODH:L – 0x0001) to MODH:L,
regardless of the CPWMS configuration.

If no boundary cycle was selected (CNTMAX = 0 and CNTMIN = 0), then the update of
the MODH:L and CnVH:L registers is not made, unless (PWMSYNC = 0 and REINIT =
1).

If both boundary cycles were selected (CNTMAX = 1 and CNTMIN = 1), then the
update of the MODH:L and CnVH:L registers is made in the first boundary cycle that
occurs with valid conditions for MODH:L or CnVH:L synchronization, except if
(PWMSYNC = 0 and REINIT = 1).

The CNTMAX and CNTMIN bits are cleared only by software.
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Note
• PWM synchronization boundary cycle is available only

when (CNTMIN = 1).

• PWM synchronization with (CNTMAX = 1) is not
recommended and its results are not guaranteed.

34.4.11.4 MODH:L registers synchronization

The MODH:L synchronization occurs when the MODH:L registers are updated with the
value of their write buffer.

The synchronization requires both bytes of MODH:L to have been written in one of the
following situations.

• If PWMSYNC = 0 and REINIT = 0, then the synchronization is made on the next
selected boundary cycle after an enabled trigger event takes place. If the trigger event
was a software trigger, then the SWSYNC bit is cleared on the next selected
boundary cycle. See the following figure.

SWSYNC bit

system clock

selected boundary cycle

MODH:L registers
are updated if both bytes
were written

software trigger event

write 1 to SWSYNC bit

Figure 34-182. MODH:L synchronization when (PWMSYNC = 0), (REINIT = 0), and
software trigger was used

If the trigger event was a hardware trigger, then the trigger enable bit (TRIGn) is
cleared when the trigger n event is detected. See the following figure.
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TRIG0 bit

system clock

selected boundary cycle

MODH:L registers
are updated if both bytes 
were written

trigger 0 event

write 1 to TRIG0 bit

Figure 34-183. MODH:L synchronization when (PWMSYNC = 0), (REINIT = 0), and a
hardware trigger was used

• If PWMSYNC = 0 and REINIT = 1, then the synchronization is made on the next
enabled trigger event. If the trigger event was a software trigger, then the SWSYNC
bit is cleared. See the following figure.

SWSYNC bit

system clock

MODH:L registers
are updated if both bytes 
were written

software trigger event

write 1 to SWSYNC bit

Figure 34-184. MODH:L synchronization when (PWMSYNC = 0), (REINIT = 1), and
software trigger was used

If the trigger event was a hardware trigger, then the TRIGn bit is cleared. See the
following figure.
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TRIG0 bit

system clock

MODH:L registers
are updated if both bytes 
were written

trigger 0 event

write 1 to TRIG0 bit

Figure 34-185. MODH:L synchronization when (PWMSYNC = 0), (REINIT = 1), and a
hardware trigger was used

• If PWMSYNC = 1, then the synchronization is made on the next selected boundary
cycle after the enabled software trigger event takes place. The SWSYNC bit is
cleared on the next selected boundary cycle. See the following figure.

SWSYNC bit

system clock

selected boundary cycle

MODH:L registers
are updated if both bytes 
were written

software trigger event

write 1 to SWSYNC bit

Figure 34-186. MODH:L synchronization when (PWMSYNC = 1)

34.4.11.5 CnVH:L registers synchronization

The CnVH:L synchronization occurs when the CnVH:L registers are updated with the
value of their write buffer.

The synchronization requires both bytes of CnVH:L to have been written, SYNCEN = 1
and either a hardware or software trigger event as per MODH:L registers
synchronization.
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34.4.11.6 OUTMASK register synchronization

Any write to a CHnOM bit updates the OUTMASK write buffer. The CHnOM bit is
updated with the value of its corresponding bit in the OUTMASK write buffer according
to SYNCHOM and PWMSYNC bits.

• If SYNCHOM = 0, then the CHnOM bit is updated with the value of its write buffer
equivalent in all rising edges of the system clock.

CHnOM bit

system clock

write to CHnOM bit
clear CHnOM

write buffer of CHnOM bit

set CHnOM

Figure 34-187. CHnOM synchronization when (SYNCHOM = 0)
• If SYNCHOM = 1 and PWMSYNC = 0, then this synchronization is made on the

next enabled trigger event. If the trigger event was a software trigger, then the
SWSYNC bit is cleared on the next selected boundary cycle. See the following
figure.

SWSYNC bit

system clock

CHnOM bit is updated

selected boundary cycle

SWSYNC bit is cleared

software trigger event

write 1 to SWSYNC bit

Figure 34-188. CHnOM synchronization when (SYNCHOM = 1), (PWMSYNC = 0) and
software trigger was used

If the trigger event was a hardware trigger, then the trigger enable bit (TRIGn) is
cleared when the trigger n event is detected. See the following figure.
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TRIG0 bit

system clock

CHnOM bit is updated and
TRIG0 bit is cleared

trigger 0 event

write 1 to TRIG0 bit

Figure 34-189. CHnOM synchronization when (SYNCHOM = 1), (PWMSYNC = 0), and a
hardware trigger was used

• If SYNCHOM = 1 and PWMSYNC = 1, then this synchronization is made on the
next enabled hardware trigger event. The trigger enable bit (TRIGn) is cleared when
the enabled hardware trigger n event is detected. See the following figure.

TRIG0 bit

system clock

CHnOM bit is updated and
TRIG0 bit is cleared

trigger 0 event

write 1 to TRIG0 bit

Figure 34-190. CHnOM Synchronization when (SYNCHOM = 1), (PWMSYNC = 1), and a
hardware trigger was used

34.4.11.7 FTM counter synchronization

The FTM counter synchronization occurs when the FTM counter is updated with the
value of the CNTINH:L registers and the channel outputs are forced to their initial value
as defined by the channel configuration.

• If REINIT = 0, then this synchronization is made when the FTM counter changes
from MODH:L to CNTINH:L.

• If REINIT = 1 and PWMSYNC = 0, then this synchronization is made on the next
enabled trigger event. If the trigger event was a software trigger, then the SWSYNC
bit is cleared. See the following figure.
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SWSYNC bit

system clock

FTM counter is reset and
channel outputs are forced to their initial value

software trigger event

write 1 to SWSYNC bit

Figure 34-191. FTM counter synchronization when (REINIT = 1), (PWMSYNC = 0), and
software trigger was used

If the trigger event was a hardware trigger, then the TRIGn bit is cleared. See the
following figure.

TRIG0 bit

system clock

FTM counter is reset and
channel outputs are forced to their initial value

trigger 0 event

write 1 to TRIG0 bit

Figure 34-192. FTM counter synchronization when (REINIT = 1), (PWMSYNC = 0), and a
hardware trigger was used

• If REINIT = 1 and PWMSYNC = 1, then this synchronization is made on the next
enabled hardware trigger event. The trigger enable bit (TRIGn) is cleared when the
enabled hardware trigger n event is detected. See the following figure.

TRIG0 bit

system clock

FTM counter is reset and
channel outputs are forced to their initial value

trigger 0 event

write 1 to TRIG0 bit

Figure 34-193. FTM counter synchronization when (REINIT = 1), (PWMSYNC = 1), and a
hardware trigger was used
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34.4.11.8 Summary of PWM synchronization

The following table shows the summary of PWM synchronization.

Table 34-188. Summary of PWM synchronization

Register or bit PWMSYN
C REINIT SYNCH

OM
CNTMA

X
CNTMI

N
SYNCE

N Description

CNTINH:L X X X X X X Changes take effect after the
second byte is written.

Effect is seen after the next TOF or
PWM synchronization.

MODH:L 0 0 X 1 0 X MODH:L are updated with their write
buffer contents when the counter
reaches its maximum value after the
enabled hardware or software
trigger has occurred.

0 0 X 0 1 X MODH:L are updated with their write
buffer contents when the counter
reaches its minimum value after the
enabled hardware or software
trigger has occurred.

0 1 X X X X MODH:L are updated with their write
buffer contents when the enabled
hardware or software trigger occurs.

1 X X 1 0 X MODH:L are updated with their write
buffer contents when the counter
reaches its maximum value after the
enabled software trigger has
occurred.

1 X X 0 1 X MODH:L are updated with their write
buffer contents when the counter
reaches its minimum value after the
enabled software trigger has
occurred.

Table continues on the next page...
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Table 34-188. Summary of PWM synchronization (continued)

Register or bit PWMSYN
C REINIT SYNCH

OM
CNTMA

X
CNTMI

N
SYNCE

N Description

SWSYNC bit 0 0 X 1 0 X SWSYNC bit is cleared when the
counter reaches its maximum value
after the enabled software trigger
has occurred.

0 0 X 0 1 X SWSYNC bit is cleared when the
counter reaches its minimum value
after the enabled software trigger
has occurred.

0 1 X X X X SWSYNC bit is cleared when the
enabled software trigger occurs.

1 X X 1 0 X SWSYNC bit is cleared when the
counter reaches its maximum value
after the enabled software trigger
has occurred.

1 X X 0 1 X SWSYNC bit is cleared when the
counter reaches its minimum value
after the enabled software trigger
has occurred.

TRIGn bit X X X X X X TRIGn bit is cleared when the
enabled hardware trigger has
occurred.

34.4.12 Deadtime insertion
The deadtime insertion is enabled when (DTEN = 1) and (DTVAL[5:0] is non- zero).

DEADTIME register defines the deadtime delay that can be used for all FTM channels.
The DTPS[1:0] bits define the prescaler for the system clock and the DTVAL[5:0] bits
define the deadtime modulo; that is, the number of deadtime prescaler clocks).

The deadtime delay insertion ensures that no two complementary signals (channel (n) and
(n+1)) drive the active state at the same time.

For POL(n) = 0, POL(n+1) = 0, and deadtime enabled, a rising edge on the output of
channel (n) remains low for the duration of the deadtime delay, after which the rising
edge appears on the output. Similarly, when a falling edge is due on the output of channel
(n), the channel (n+1) output remains low for the duration of the deadtime delay, after
which the channel (n+1) output will have a rising edge.
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For POL(n) = 1, POL(n+1) = 1, and deadtime enabled, a falling edge on the output of
channel (n) remains high for the duration of the deadtime delay, after which the falling
edge appears on the output. Similarly, when a rising edge is due on the output of channel
(n), the channel (n+1) output remains high for the duration of the deadtime delay, after
which the channel (n+1) output will have a falling edge.

FTM counter

channel (n+1) match

channel (n) match

channel (n) output
(before deadtime

insertion)

channel (n+1) output
(before deadtime

insertion)

channel (n) output
(after deadtime

insertion)

channel (n+1) output
(after deadtime

insertion)

Figure 34-194. Deadtime insertion with ELSnB:ELSnA = 1:0, POL(n) = 0, and POL(n+1) =
0

FTM counter

channel (n+1) match

channel (n) output
(before deadtime

insertion)

channel (n+1) output
(before deadtime

insertion)

channel (n) output
(after deadtime

insertion)

channel (n+1) output
(after deadtime

insertion)

channel (n) match

Figure 34-195. Deadtime insertion with ELSnB:ELSnA = X:1, POL(n) = 0, and POL(n+1) =
0

NOTE
Deadtime feature is available only in combine and
complementary modes.

Chapter 34 FlexTimer (FTM)

MCF51JG256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 697



34.4.12.1 Deadtime insertion corner cases

If (PS[2:0] bits are cleared), (DTPS[1:0] = 0:0 or DTPS[1:0] = 0:1):

• and the deadtime delay is greater than or equal to the channel (n) duty cycle ((C(n
+1)VH:L – C(n)VH:L) × system clock), then the channel (n) output is always the
inactive value (POL(n) bit value).

• and the deadtime delay is greater than or equal to the channel (n+1) duty cycle
((MODH:L – CNTINH:L + 1 – (C(n+1)VH:L – C(n)VH:L) ) × system clock), then
the channel (n+1) output is always the inactive value (POL(n+1) bit value).

Although in most cases the deadtime delay is not comparable to channels (n) and (n+1)
duty cycle, the following figures show examples where the deadtime delay is comparable
to the duty cycle.

FTM counter

channel (n+1) match

channel (n) match 

channel (n) output
(before deadtime

insertion)

channel (n) output
(after deadtime

insertion)

channel (n+1) output
(before deadtime

insertion)

channel (n+1) output
(after deadtime

insertion)

Figure 34-196. Example of the deadtime insertion (ELSnB:ELSnA = 1:0, POL(n) = 0, and
POL(n+1) = 0) when the deadtime delay is comparable to channel (n+1) duty cycle
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FTM counter

channel (n+1) match

channel (n) match 

channel (n) output
(before deadtime

insertion)

channel (n) output
(after deadtime

insertion)

channel (n+1) output
(before deadtime

insertion)

channel (n+1) output
(after deadtime

insertion)

Figure 34-197. Example of the deadtime insertion (ELSnB:ELSnA = 1:0, POL(n) = 0, and
POL(n+1) = 0) when the deadtime delay Is comparable to channels (n) and (n+1) duty

cycle

34.4.13 Output mask
The output mask register OUTMASK can be used to force channel outputs to their
inactive state through software; for example, to control a BLDC motor.

Any write to a CHnOM bit updates the OUTMASK write buffer. The CHnOM bit is
updated with the value of its corresponding bit in the OUTMASK write buffer according
to OUTMASK register synchronization.

If CHnOM = 1, then the channel (n) output is forced to its inactive state, defined by the
POLn bit in register POL. If CHnOM = 0, then the channel (n) output is unaffected by the
output mask function.

When a CHnOM bit is cleared, the channel (n) output is enabled. See the following
figure.
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FTM counter

channel (n) output
(before output mask)

CHnOM bit

channel (n) output
(after output mask)

the beginning of new PWM cycles

configured PWM signal starts
to be available in the channel (n) output

channel (n) output is disabled

Figure 34-198. Output mask

The following table shows the output mask result before the polarity control.

Table 34-189. Output mask result for channel (n) before the polarity
control

CHnOM Output Mask Input Output Mask Result

0 inactive state inactive state

active state active state

1 inactive state inactive state

active state

Note

Output mask is available only in combine mode.

34.4.14 Fault control
The fault control is enabled if (FTMEN = 1) and (FAULTM[1:0] ≠ 0:0).

FTM can have up to four fault inputs. FAULTnEN bit (where n = 0, 1, 2, 3) enables the
fault input n and FFLTRnEN bit enables the fault input n filter. FFVAL[3:0] bits select
the value of the enabled filter in each enabled fault input.

First, each fault input signal is synchronized by the system clock; see the synchronizer
block in the following figure. Following synchronization, the fault input n signal enters
the filter block. When there is a state change in the fault input n signal, the 5-bit counter
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is reset and starts counting up. As long as the new state is stable on the fault input n, the
counter continues to increment. If the 5-bit counter overflows and exceeds the value of
the FFVAL[3:0] bits, the new fault input n value is validated. It is then transmitted as a
pulse edge to the edge detector.

If the opposite edge appears on the fault input n signal before validation (counter
overflow), the counter is reset. At the next input transition, the counter starts counting
again. Any pulse that is shorter than the minimum value selected by FFVAL[3:0] bits (×
system clock) is regarded as a glitch and is not passed on to the edge detector.

The fault input n filter is disabled when the FFVAL[3:0] bits are zero or when
FAULTnEN = 0. In this case the fault input n signal is delayed two rising edges of the
system clock and the FAULTFn bit is set on the third rising edge of the system clock
after a rising edge occurs on the fault input n.

If FFVAL[3:0] ≠ 0000 and FAULTnEN = 1, then the fault input n signal is delayed (3 +
FFVAL[3:0]) rising edges of the system clock; that is, the FAULTFn bit is set (4 +
FFVAL[3:0]) rising edges of the system clock after a rising edge occurs on the fault input
n.

fault input n*

system clock

* where n = 3, 2, 1, 0

synchronizer fault input n* value

rising edge
FAULTFn*

0000)
    and (FFLTRnEN*)

0

1

edge
detector

fault input
polarity
controlFault filter

 (5-bit counter)CLK CLK

D D QQ

FLTnPOL

(FFVAL[3:0] 

Figure 34-199. Fault input n control block diagram

If the fault control and fault input n are enabled and a rising edge at the fault input n
signal is detected, then the FAULTFn bit is set. The FAULTF bit is the logic OR of
FAULTFn[3:0] bits. See the following figure.

fault interruptFAULTIE

FAULTIN

fault input 0 value
fault input 1 value
fault input 2 value
fault input 3 value

FAULTF

FAULTF0

FAULTF1

FAULTF2

FAULTF3

Figure 34-200. FAULTF and FAULTIN bits and fault interrupt
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If the fault control is enabled (FAULTM[1:0] ≠ 0:0), a fault condition has occurred
(rising edge at the logic OR of the enabled fault input) and (FAULTEN = 1), then
channel (n) and (n+1) outputs are forced to their safe value (that is, the channel (n) output
is forced to the value of POL(n) and the channel (n+1) is forced to the value of POL(n
+1)).

The fault interrupt is generated when (FAULTF = 1) and (FAULTIE = 1). This interrupt
request remains set until:

• Software clears the FAULTF bit (by reading FAULTF bit as 1 and writing 0 to it)

• Software clears the FAULTIE bit

• A reset occurs

Note

Fault control is available only in combine mode.

34.4.14.1 Automatic fault clearing

If the automatic fault clearing is selected (FAULTM[1:0] = 1:1), then the disabled
channel outputs are enabled when the fault input signal (FAULTIN) returns to zero and a
new PWM cycle begins. See the following figure.

FTM counter

channel (n) output
(before fault control)

FAULTIN bit

channel (n) output
(after fault control with
automatic fault clearing

and POLn=0)

the beginning of new PWM cycles

FAULTF bit

FAULTF bit is cleared

Figure 34-201. Fault control with automatic fault clearing
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34.4.14.2 Manual fault clearing

If the manual fault clearing is selected (FAULTM[1:0] = 0:1 or 1:0), then disabled
channel outputs are enabled when the FAULTF bit is cleared and a new PWM cycle
begins. See the following figure.

It is possible to manually clear a fault by clearing the FAULTF bit, and enable disabled
channels regardless of the fault input signal (FAULTIN) (the filter output if the filter is
enabled or the synchronizer output if the filter is disabled). However, it is recommended
to verify the value of the fault input signal (value of the FAULTIN bit) before clearing
the FAULTF bit to avoid unpredictable results.

FTM counter

channel (n) output
(before fault control)

FAULTIN bit

channel (n) output
(after fault control with
manual fault clearing

and POLn=0)

the beginning of new PWM cycles

FAULTF bit

FAULTF bit is cleared

Figure 34-202. Fault control with manual fault clearing

34.4.15 Polarity control
The POLn bit selects the channel (n) output polarity:

• If (POLn = 0), the channel (n) output polarity is active-high: one is the active state;
zero is the inactive state.

• If (POLn = 1), the channel (n) output polarity is active-low: zero is the active state;
one is the inactive state.
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Note

Polarity control is available only in combine mode.

34.4.16 Initialization
The initialization forces the CHnOI bit value to the channel (n) output when a one is
written to the INIT bit.

Note
• It is recommended to use the initialization only when the

FTM counter is disabled (CLKS[1:0] = 0:0).

• Initialization is available only in combine mode.

34.4.17 Features priority
The following figure shows the priority of the features that can be combined to generate
channel (n) and (n+1) outputs.

(generation of channels

in Output Compare, EPWM,
CPWM, Combine and/or
Complementary modes)

(n) and (n 1) output Deadtime
Insertion Initialization

Fault
Control

Polarity
Control

Output
Mask

channel (n) output

channel (n

Output modes logic

1) output

Figure 34-203. FTM features priority

34.4.18 Channel trigger output
The channel trigger output is generated if (FTMEN = 1) and one or more channels were
selected by the CHjTRIG bit, where j = 0, 1, 2, 3, 4, or 5. The CHjTRIG bit defines if the
channel (j) match (that is, FTM counter = C(j)VH:L) generates the trigger.

The channel trigger output provides a trigger signal that is used for on-chip modules.

The FTM is able to generate multiple triggers in one PWM period. Because each trigger
is generated for a specific channel, several channels are required to implement this
functionality. This behavior is described in the following figure.
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the beginning of new PWM cycles

FTM counter = C2VH:L

CH2TRIG=1, CH3TRIG=1,
CH4TRIG=1, CH5TRIG=1,

CH0TRIG=1, and CH1TRIG=1

match trigger when

match trigger when
CH2TRIG=0, CH3TRIG=0,
CH4TRIG=0, CH5TRIG=0,

CH0TRIG=0, and CH1TRIG=0

match trigger when
CH2TRIG=0, CH3TRIG=0,
CH4TRIG=0, CH5TRIG=0,

CH0TRIG=1, and CH1TRIG=0

match trigger when
CH2TRIG=0, CH3TRIG=1,
CH4TRIG=1, CH5TRIG=1,

CH0TRIG=0, and CH1TRIG=0

FTM counter = C1VH:L

FTM counter = C4VH:L

FTM counter = C5VH:L

FTM counter = C0VH:L

FTM counter = C3VH:L

Figure 34-204. Match triggers

Note

Match trigger is available only in combine mode.

34.4.19 Initialization trigger
If INITTRIGEN = 1, the FTM generates a trigger when the FTM counter is updated with
the CNTINH:L registers value in the following cases:

• The FTM counter is automatically updated with the CNTINH:L registers value by
selected counting mode.

CPWMS = 0

0x0C 0x0D 0x0E 0x0F 0x00 0x01 0x02 0x03 0x04 0x05

initialization trigger

FTM counter

system clock

CNTINH:L = 0x0000
MODH:L = 0x000F

Figure 34-205. Initialization trigger is generated when the FTM counter achieves the
value of CNTINH:L
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• When there is a write to CNTH or CNTL register

CPWMS = 0

0x04 0x05 0x06 0x00 0x01 0x02 0x03 0x04 0x05 0x06

initialization trigger

write to CNTH

FTM counter

system clock

CNTINH:L = 0x0000
MODH:L = 0x000F

Figure 34-206. Initialization trigger is generated when there is a write to CNTH or CNTL
• When there is the FTM counter synchronization

CPWMS = 0

0x04 0x05 0x06 0x07 0x00 0x01 0x02 0x03 0x04 0x05

initialization trigger

FTM counter
synchronization

FTM counter

system clock

REINIT = 1

CNTINH:L = 0x0000
MODH:L = 0x000F

Figure 34-207. Initialization trigger is generated when there is the FTM counter
synchronization

• If (CNTH:L = CNTINH:L), (CLKS[1:0] = 0:0), and a value different from zero is
written to CLKS[1:0] bits

CPWMS = 0

0x00

00 01

0x01 0x02 0x03 0x04 0x05

initialization trigger

CLKS[1:0] bits

FTM counter

system clock

CNTINH:L = 0x0000
MODH:L = 0x000F

Figure 34-208. Initialization trigger is generated if (CNTH:L = CNTINH:L) and (CLKS[1:0]
= 0:0) and a value different from zero is written to CLKS[1:0] bits

The initialization trigger output provides a trigger signal that is used for on-chip modules.
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Note

Initialization trigger is available only in combine mode.

34.4.20 Capture test mode
The capture test mode allows the testing of the CnVH:L registers, the FTM counter, and
the interconnection logic between the FTM counter and CnVH:L registers.

In this test mode, all channels must be configured for input capture mode (see Input
capture mode) and FTM counter must be configured for up-counting (see Up counting).

When the capture test mode is enabled (CAPTEST = 1), the FTM counter is frozen and
any write to CNTH and CNTL updates directly the FTM counter; see the following
figure. After both bytes were written, independent of the order, all CnVH:L registers are
updated with the value that was written to CNTH:L registers and CHnF bits are set.
Therefore, the FTM counter is updated with its next value according to its configuration.
Its next value depends on CNTINH:L, MODH:L, and the value that was written to FTM
counter.

The next reads of CnVH:L registers return the value that was written to FTM counter and
the next reads of CNTH:L register return the next value of the FTM counter.

The read coherency mechanism of CNTH:L and CnVH:L registers remains enabled.
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Notes
- FTM counter configuration: (FTMEN = 1), (QUADEN = 0) if the quadrature decoder feature is supported, 
  (CAPTEST = 1), (CPWMS = 0), (CNTINH:L = 0x0000), and (MODH:L = 0xFFFF)

- FTM channel n configuration: input capture mode – (DECAPEN = 0), (COMBINE = 0), and (MSnB:MSnA = 0:0)

FTM counter

CAPTEST bit

FTM counter clock

set CAPTEST

write to CNTH

write to CNTL

C0VH:L

CH0F bit

clear CAPTEST
write to MODE

0x78AD0x1053 0x1054 0x1055 0x1056 0x7856 0x78AC 0x78AE 0x78AF 0x78B0

write 0x78

write 0xAC

0x78AC0x0300

Figure 34-209. Capture test mode

34.4.21 DMA
The channel generates a DMA transfer request according to DMA and CHnIE bits (see
the following table).

Table 34-190. Channel DMA Transfer Request

DMA CHnIE Channel DMA Transfer Request Channel Interrupt

0 0 The channel DMA transfer request is not generated. The channel interrupt is not generated.

0 1 The channel DMA transfer request is not generated. The channel interrupt is generated if (CHnF = 1).

1 0 The channel DMA transfer request is not generated. The channel interrupt is not generated.

1 1 The channel DMA transfer request is generated if
(CHnF = 1).

The channel interrupt is not generated.

If DMA = 1, the CHnF bit is cleared either by channel DMA transfer done or reading
CnSC while CHnF is set and then writing a logic 0 to CHnF bit according to CHnIE bit
(see the following table).
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Table 34-191. Clear CHnF Bit when DMA = 1

CHnIE How CHnF Bit Can Be Cleared

0 CHnF bit is cleared either by the channel DMA transfer done or reading CnSC while CHnF is set and then writing
a logic 0 to CHnF bit.

1 CHnF bit is cleared by the channel DMA transfer done.

34.4.22 Dual edge capture mode
The dual edge capture mode is selected if FTMEN = 1 and DECAPEN = 1. This mode
allows software to measure a pulse width or period of the signal on the input of channel
(n) of a channel pair. The channel (n) filter can be active in this mode when n is the
channels 0 or 2.

channel (n) input

system clock

synchronizer

Filter*

Dual edge capture
mode logic

is filter
 enabled?

FTM counter

* Filtering function for dual edge capture mode is only available in the channels 0 and 2

channel (n)
interrupt

channel (n+1)
interrupt

C(n+1)VH:L[15:0]

C(n)VH:L[15:0]

CH(n+1)IE
CH(n+1)F

CH(n)IE
CH(n)F

FTMEN
DECAPEN

DECAP
MS(n)A

ELS(n)B:ELS(n)A
ELS(n+1)B:ELS(n+1)A

CLK CLK

D Q D Q

0

1

Figure 34-210. Dual edge capture mode block diagram

The MS(n)A bit defines if the dual edge capture mode is one-shot or continuous
according to table "Mode, Edge, and Level Selection".

The ELS(n)B:ELS(n)A bits select the edge that is captured by channel (n), and ELS(n
+1)B:ELS(n+1)A bits select the edge that is captured by channel (n+1) as described in
table "Dual Edge Capture Mode — Edge Polarity Selection". If both ELS(n)B:ELS(n)A
and ELS(n+1)B:ELS(n+1)A bits select the same edge, then it is the period measurement.
If these bits select different edges, then it is a pulse width measurement.

In the dual edge capture mode, only channel (n) input is used and channel (n+1) input is
ignored.
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If the selected edge by channel (n) bits is detected at channel (n) input, then CH(n)F bit is
set and the channel (n) interrupt is generated (if CH(n)IE = 1). If the selected edge by
channel (n+1) bits is detected at channel (n) input and (CH(n)F = 1), then CH(n+1)F bit is
set and the channel (n+1) interrupt is generated (if CH(n+1)IE = 1).

The C(n)VH:L registers store the value of FTM counter when the selected edge by
channel (n) is detected at channel (n) input. The C(n+1)VH:L registers store the value of
FTM counter when the selected edge by channel (n+1) is detected at channel (n) input.

In this mode, the coherency mechanism of the pair of channels ensures that data is
coherent when the C(n)VH:L and C(n+1)VH:L registers are read. Note that the
C(n)VH:L registers must be read first before reading the C(n+1)VH:L registers.
C(n)VH:L registers must be read first than C(n+1)VH:L registers.

Note
• The CH(n)F, CH(n)IE, MS(n)A, ELS(n)B, and ELS(n)A

bits are channel (n) bits.

• The CH(n+1)F, CH(n+1)IE, MS(n+1)A, ELS(n+1)B, and
ELS(n+1)A bits are channel (n+1) bits.

• It is expected that the dual edge capture mode be used with
ELS(n)B:ELS(n)A = 0:1 or 1:0, ELS(n+1)B:ELS(n+1)A =
0:1 or 1:0 and the FTM counter in free running counter
mode. See Free running counter.

34.4.22.1 One-shot capture mode

The one-shot capture mode is selected when (FTMEN = 1), (DECAPEN = 1), and
(MS(n)A = 0). In this capture mode, only one pair of edges at the channel (n) input is
captured. The ELS(n)B:ELS(n)A bits select the first edge to be captured, and ELS(n
+1)B:ELS(n+1)A bits select the second edge to be captured.

The edge captures are enabled while DECAP bit is set. For each new measurement in
one-shot capture mode, first the CH(n)F and CH(n+1) bits must be cleared, and then the
DECAP bit must be set.

In this mode, the DECAP bit is automatically cleared by FTM when the edge selected by
channel (n+1) is captured. Therefore, while DECAP bit is set, the one-shot capture is in
process. When this bit is cleared, both edges were captured and the captured values are
ready for reading in the C(n)VH:L and C(n+1)VH:L registers.

Similarly, when the CH(n+1)F bit is set, both edges were captured and the captured
values are ready for reading in the C(n)VH:L and C(n+1)VH:L registers.
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34.4.22.2 Continuous capture mode

The continuous capture mode is selected when (FTMEN = 1), (DECAPEN = 1), and
(MS(n)A = 1). In this capture mode, the edges at the channel (n) input are captured
continuously. The ELS(n)B:ELS(n)A bits select the initial edge to be captured, and
ELS(n+1)B:ELS(n+1)A bits select the final edge to be captured.

The edge captures are enabled while DECAP bit is set. For the initial use, first the
CH(n)F and CH(n+1)F bits must be cleared, and then DECAP bit must be set to start the
continuous measurements.

When the CH(n+1)F bit is set, both edges are captured and the captured values are ready
for reading in the C(n)VH:L and C(n+1)VH:L registers. The latest captured values are
always available in these registers even after the DECAP bit is cleared.

In this mode, it is possible to clear only the CH(n+1)F bit. Therefore, when the CH(n+1)F
bit is set again, the latest captured values are available in C(n)VH:L and C(n+1)VH:L
registers.

For a new sequence of the measurements in the dual edge capture – continuous mode, it
is recommended to clear the CH(n)F and CH(n+1) bits to start new measurements.

34.4.22.3 Pulse width measurement

If the channel (n) is configured to capture rising edges (ELS(n)B:ELS(n)A = 0:1) and the
channel (n+1) to capture falling edges (ELS(n+1)B:ELS(n+1)A = 1:0), then the positive
polarity pulse width is measured. If the channel (n) is configured to capture falling edges
(ELS(n)B:ELS(n)A = 1:0) and the channel (n+1) to capture rising edges (ELS(n
+1)B:ELS(n+1)A = 0:1), then the negative polarity pulse width is measured.

The pulse width measurement can be made in one-shot capture mode (One-shot capture
mode) or continuous capture mode (Continuous capture mode).

The following figure shows an example of the dual edge capture – one-shot mode used to
measure the positive polarity pulse width. The DECAPEN bit selects the dual edge
capture mode. The DECAP bit is set to enable the measurement of next positive polarity
pulse width. The CH(n)F bit is set when the first edge of this pulse is detected, that is, the
edge selected by ELS(n)B:ELS(n)A bits. The CH(n+1)F bit is set and DECAP bit is
cleared when the second edge of this pulse is detected, that is, the edge selected by ELS(n
+1)B:ELS(n+1)A bits. Both DECAP and CH(n+1)F bits indicate when two edges of the
pulse were captured and the C(n)VH:L and C(n+1)VH:L registers are ready for reading.
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Figure 34-211. Dual edge capture – one-shot mode for positive polarity pulse width
measurement

The following figure shows an example of the dual edge capture – continuous mode used
to measure the positive polarity pulse width. The DECAPEN bit selects the dual edge
capture mode, so it keeps set in all operation mode. While the DECAP bit is set the
configured measurements are made. The CH(n)F bit is set when the first edge of the
positive polarity pulse is detected, that is, the edge selected by ELS(n)B:ELS(n)A bits.
The CH(n+1)F bit is set when the second edge of this pulse is detected, that is, the edge
selected by ELS(n+1)B:ELS(n+1)A bits. The CH(n+1)F bit indicates when two edges of
the pulse were captured and the C(n)VH:L and C(n+1)VH:L registers are ready for
reading.
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Figure 34-212. Dual edge capture – continuous mode for positive polarity pulse width
measurement

34.4.22.4 Period measurement

If the channels (n) and (n+1) are configured to capture consecutive edges of the same
polarity, then the period of the channel (n) input signal is measured. If both channels (n)
and (n+1) are configured to capture rising edges (ELS(n)B:ELS(n)A = 0:1 and ELS(n
+1)B:ELS(n+1)A = 0:1), then the period between two consecutive rising edges is
measured. If both channels (n) and (n+1) are configured to capture falling edges
(ELS(n)B:ELS(n)A = 1:0 and ELS(n+1)B:ELS(n+1)A = 1:0), then the period between
two consecutive rising edges is measured.

The period measurement can be made in one-shot capture mode (One-shot capture mode)
or continuous capture mode (Continuous capture mode).

The following figure shows an example of the dual edge capture – one-shot mode used to
measure the period between two consecutive rising edges. The DECAPEN bit selects the
dual edge capture mode, so it keeps set in all operation mode. The DECAP bit is set to
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enable the measurement of next period. The CH(n)F bit is set when the first rising edge is
detected, that is, the edge selected by ELS(n)B:ELS(n)A bits. The CH(n+1)F bit is set
and DECAP bit is cleared when the second rising edge is detected, that is, the edge
selected by ELS(n+1)B:ELS(n+1)A bits. Both DECAP and CH(n+1)F bits indicate when
two selected edges were captured and the C(n)VH:L and C(n+1)VH:L registers are ready
for reading.
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Figure 34-213. Dual edge capture – one-shot mode to measure of the period between
two consecutive rising edges

The following figure shows an example of the dual edge capture – continuous mode used
to measure the period between two consecutive rising edges. The DECAPEN bit selects
the dual edge capture mode, so it keeps set in all operation mode. While the DECAP bit
is set the configured measurements are made. The CH(n)F bit is set when the first rising
edge is detected, that is, the edge selected by ELS(n)B:ELS(n)A bits. The CH(n+1)F bit
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is set when the second rising edge is detected, that is, the edge selected by ELS(n
+1)B:ELS(n+1)A bits. The CH(n+1)F bit indicates when two edges of the period were
captured and the C(n)VH:L and C(n+1)VH:L registers are ready for reading.
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Figure 34-214. Dual edge capture – continuous mode to measure of the period between
two consecutive rising edges

34.4.22.5 Read coherency mechanism

The dual edge capture mode implements a read coherency mechanism between the FTM
counter value captured in C(n)VH:L and C(n+1)VH:L registers. The read coherency
mechanism is illustrated in the following figure. In this example, the channels (n) and (n
+1) are in dual edge capture – continuous mode for positive polarity pulse width
measurement. Thus, the channel (n) is configured to capture the FTM counter value when
there is a rising edge at channel (n) input signal, and channel (n+1) to capture the FTM
counter value when there is a falling edge at channel (n) input signal.
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When a rising edge occurs in the channel (n) input signal, the FTM counter value is
captured into channel (n) capture buffer. The channel (n) capture buffer value is
transferred to C(n)VH:L registers when a falling edge occurs in the channel (n) input
signal. C(n)VH:L registers have the FTM counter value when the previous rising edge
occurred, and the channel (n) capture buffer has the FTM counter value when the last
rising edge occurred.

When a negative edge occurs in the channel (n) input signal, the FTM counter value is
captured into channel (n+1) capture buffer. The channel (n+1) capture buffer value is
transferred to C(n+1)VH:L registers when the first byte of C(n)VH:L registers is read.

In the following figure, the read of C(n)VH returns the FTM counter high byte value
when the event 1 occurred, and the read of C(n+1)VL returns the FTM counter low byte
value when the event 1 occurred. The read of C(n+1)VL returns the FTM counter low
byte value when the event 2 occurred, and the read of C(n+1)VH returns the FTM
counter high byte value when the event 2 occurred.

channel (n) input
(after the filter 

C(n)VH:L

FTM counter

channel input)

1

C(n+1)VH:L

1

event 1 event 2 event 3 event 4 event 5 event 6 event 7 event 8 event 9

2 3 4 5 6 7 8 9

3 5 7 9

4

3 5 71

2 6 8

2

2

channel (n)
read buffer

1

channel (n+1)
read buffer

channel (n+1)
capture buffer

channel (n)
capture buffer

read C(n)VH read C(n)VL read C(n+1)VL read C(n+1)VH

Figure 34-215. Dual edge capture mode read coherency mechanism

C(n)VH:L registers must be read prior to C(n+1)VH:L registers in dual edge capture one-
shot and continuous modes for the read coherency mechanism works properly. Either the
high or low bytes of C(n)VH:L and C(n+1)VH:L registers can be accessed first; however,
the C(n)VH:L registers must be read prior to the C(n+1)VH:L registers in dual edge
capture oneshot and continuous modes for the read coherency mechanism to work
properly.
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34.4.23 Quadrature Decoder Mode
The quadrature decoder mode is selected if FTMEN = 1 and QUADEN = 1 (when the
quadrature decoder feature is supported). The quadrature decoder mode uses the input
signals phase A and B to control the FTM counter increment and decrement. The
following figure is the quadrature decoder block diagram.

Each one of input signals phase A and B has a filter that is equivalent to the filter used in
the channels input (Filter for input capture mode). The phase A input filter is enabled by
PHAFLTREN bit and this filter's value is defined by CH0FVAL[3:0] bits
(CH(n)FVAL[3:0] bits of FILTER0 register). The phase B input filter is enabled by
PHBFLTREN bit and this filter's value is defined by CH1FVAL[3:0] bits (CH(n
+1)FVAL[3:0] bits of FILTER0 register).

Except for CH0FVAL[3:0] and CH1FVAL[3:0] bits, no channel logic is used in
quadrature decoder mode.

phase A input

synchronizer

1

PHAFLTREN

Q

Q

Q

Q

CLK CLKsystem clock

phase B input

synchronizer

1

PHBFLTREN

CLK CLK

FTM counter
direction

up/down

FTM Counter
PHBPOL

CH1FVAL[3:0]

CNTINH:L

MODH:L

TOFDIR QUADIR

Filter

D

D

D

D

Filter

CH0FVAL[3:0]

filtered phase A signal

filtered phase B signal

PHAPOL

enable

0

0

Figure 34-216. Quadrature Decoder Block Diagram

Note

It is important to notice that the FTM counter is clocked by the
phase A and B input signals when quadrature decoder mode is
selected. Therefore it is expected that the quadrature decoder be
used only with the FTM channels in input capture or output
compare modes.

The PHAPOL bit selects the polarity of the phase A input, and the PHBPOL bit selects
the polarity of the phase B input.
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The QUADMODE selects the encoding mode used in the quadrature decoder mode. If
QUADMODE = 1, then the count and direction encoding mode (refer to the following
figure) is enabled. In this mode, the phase B input value indicates the counting direction
(FTM counter increment or decrement), and the phase A input defines the counting rate
(FTM counter is updated when there is a rising edge at phase A input signal).

FTM counter 1 1 1 1 1 1 1 1 1 1 1 1 1-----

phase A (counting rate)

CNTINH:L

Time

increment/decrement

0x0000

phase B (counting direction)

FTM counter

MODH:L

Figure 34-217. Quadrature Decoder – Count and Direction Encoding Mode

If QUADMODE = 0, then the phase A and phase B encoding mode (refer to the
following figure) is enabled. In this mode, the relationship between phase A and B
signals indicates the counting direction, and phase A and B signals define the counting
rate (FTM counter is updated when there is an edge either at the phase A or phase B
signals).

If PHAPOL = 0 and PHBPOL = 0, then the FTM counter increment happens when:

• there is a rising edge at phase A signal and phase B signal is at logic zero;

• there is a rising edge at phase B signal and phase A signal is at logic one;

• there is a falling edge at phase B signal and phase A signal is at logic zero;

• there is a falling edge at phase A signal and phase B signal is at logic one;

and the FTM counter decrement happens when:

• there is a falling edge at phase A signal and phase B signal is at logic zero;

• there is a falling edge at phase B signal and phase A signal is at logic one;

• there is a rising edge at phase B signal and phase A signal is at logic zero;

• there is a rising edge at phase A signal and phase B signal is at logic one.
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Figure 34-218. Quadrature Decoder – Phase A and Phase B Encoding Mode

The following figure shows the FTM counter overflow in up counting. In this case, when
the FTM counter changes from MODH:L to CNTINH:L, the TOF and TOFDIR bits are
set. The TOF bit indicates the FTM counter overflow occurred. TOFDIR indicates the
counting was up when the FTM counter overflow occurred.

FTM counter

phase B 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

CNTINH:L

Time

MODH:L

increment/decrement

set TOF
set TOFDIR

0x0000

phase A 

FTM counter

set TOF
set TOFDIR

Figure 34-219. FTM Counter Overflow in Up Counting for Quadrature Decoder Mode

The following figure shows the FTM counter overflow in down counting. In this case,
when the FTM counter changes from CNTINH:L to MODH:L, the TOF bit is set and the
TOFDIR bit is cleared. The TOF bit indicates the FTM counter overflow occurred.
TOFDIR indicates the counting was down when the FTM counter overflow occurred.
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Figure 34-220. FTM Counter Overflow in Down Counting for Quadrature Decoder Mode

34.4.23.1 Quadrature Decoder Boundary Conditions

The following two figures illustrate examples of motor jittering that cause FTM counter
transitions. Motor position control applications are expected to observe these behaviors.

phase B 

CNTINH:L

Time

MODH:L

0x0000

phase A 

FTM counter

Figure 34-221. Motor Position Jittering in a Mid Count Value

The following figure shows motor jittering produced by the phase B and A pulses,
respectively. The first highlighted transition causes a jitter on the FTM counter value near
the maximum count value (MODH:L). The second indicated transition occurs on phase A
and causes the FTM counter transition between the maximum and minimum count
values, which are defined by the MODH:L and CNTINH:L registers.
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Figure 34-222. Motor Position Jittering Near Maximum and Minimum Count Value

The appropriate settings of the phase A and phase B input filters are important to avoid
glitches that may cause oscillation on the FTM counter value. The two preceding figures
show examples of oscillations that can be caused by poor input filter setup. To avoid
these oscillations, guarantee a minimum pulse width.

34.4.24 TPM emulation
This section describe the FTM features that are selected according to the FTMEN bit.

34.4.24.1 MODH:L and CnVH:L synchronization

If (FTMEN = 0), then the MODH:L and CnVH:L registers are updated according to the
Update of the registers with write buffers and they are not updated by PWM
synchronization.

If (FTMEN = 1), then the MODH:L and CnVH:L registers are updated only by PWM
synchronization (PWM synchronization).

34.4.24.2 Free running counter

If (FTMEN = 0), then the FTM counter is a free running counter when (MODH:L =
0x0000) or (MODH:L = 0xFFFF).

If (FTMEN = 1), then the FTM counter is a free running counter when (CPWMS = 0),
(CNTINH:L = 0x0000), and (MODH:L = 0xFFFF).
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34.4.24.3 Write to SC

If (FTMEN = 0), then a write to the SC register resets the write coherency mechanism of 
MODH:L registers.

If (FTMEN = 1), then a write to the SC register does not reset the write coherency
mechanism of MODH:L registers.

34.4.24.4 Write to CnSC

If (FTMEN = 0), then a write to the CnSC register resets the write coherency mechanism
of CnVH:L registers.

If (FTMEN = 1), then a write to the CnSC register does not reset the write coherency
mechanism of CnVH:L registers.

34.4.25 BDM mode
When BDM mode is active, the FlexTimer counter and the channels output are frozen.

However, the value of FlexTimer counter or the channels output are modified in BDM
mode when:

• A write of any value to the CNTH or CNTL registers (Counter reset) resets the FTM
counter to the value of CNTINH:L and the channels output to their initial value,
except for channels in output compare mode.

• The PWM synchronization with REINIT = 1 (see FTM counter synchronization)
resets the FTM counter to the value of CNTINH:L registers and the channels output
to their initial value, except for channels in output compare mode.

• The initialization (Initialization) forces the value of the CHnOI bit to the channel (n)
output.

Note

Do not use the above cases together with fault control (Fault
control). If fault control is enabled and the fault condition is at
the enabled fault input, these cases reset the FTM counter to the
CNTINH:L value and the channels output to their initial value.
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34.5 Reset overview
The FTM is reset whenever any chip reset occurs.

When the FTM exits from reset:

• The FTM counter and the prescaler counter are zero and are stopped (CLKS[1:0] =
0b00)

• The timer overflow interrupt is zero (Timer overflow interrupt)
• The channels interrupts are zero (Channel (n) interrupt)
• The fault interrupt is zero (Fault interrupt)
• The channels are in input capture mode (Input capture mode)
• The channels outputs are zero
• The channels pins are not controlled by FTM (ELS(n)B:ELS(n)A = 0b00). See table

"Mode, Edge, and Level Selection"

The following figure shows the FTM behavior after the reset. At the reset (item 1), the
FTM counter is disabled (see table "FTM Clock Source Selection"), its value is updated
to zero and the pins are not controlled by FTM (table "Mode, Edge, and Level
Selection").

After the reset, the FTM should be configured (item 2). It is necessary to define the FTM
counter mode, the FTM counting limits (MODH:L and CNTINH:L registers value), the
channels mode and CnVH:L registers value according to the channels mode.

Because of this, you should write any value to CNTH or CNTL registers (item 3). This
write updates the FTM counter with the value of CNTINH:L and the channels output
with its initial value (except for channels in output compare mode) (Counter reset).

The next step is to select the FTM counter clock by the CLKS[1:0] bits (item 4). It is
important to highlight that the pins are controlled only by FTM when CLKS[1:0] bits are
different from zero (table "Mode, Edge, and Level Selection").
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FTM Interrupts

34.6.1 Timer overflow interrupt
The timer overflow interrupt is generated when (TOIE = 1) and (TOF = 1).

34.6.2 Channel (n) interrupt
The channel (n) interrupt is generated when (CHnIE = 1) and (CHnF = 1).

34.6.3 Fault interrupt
The fault interrupt is generated when (FAULTIE = 1) and (FAULTF = 1).

34.6
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Chapter 35
Serial Peripheral Interface (SPI)

35.1 Introduction
The serial peripheral interface (SPI) module provides for full-duplex, synchronous, serial
communication between the MCU and peripheral devices. These peripheral devices can
include other microcontrollers, analog-to-digital converters, shift registers, sensors, and
memories, among others.

The SPI runs at a baud rate up to the bus clock divided by two in master mode and up to
the bus clock divided by four in slave mode. Software can poll the status flags, or SPI
operation can be interrupt driven.

NOTE
For the actual maximum SPI baud rate, refer to the Chip
Configuration details and to the device’s Data Sheet.

The SPI also supports a data length of 8 or 16 bits and includes a hardware match feature
for the receive data buffer.

The SPI includes an internal DMA interface to support continuous SPI transmission
through an on-chip DMA controller instead of through the CPU. This feature decreases
CPU loading, allowing CPU time to be used for other work.

35.1.1 Features
The SPI includes these distinctive features:

• Master mode or slave mode operation

• Full-duplex or single-wire bidirectional mode

• Programmable transmit bit rate

• Double-buffered transmit and receive data register
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• Serial clock phase and polarity options

• Slave select output

• Mode fault error flag with CPU interrupt capability

• Control of SPI operation during wait mode

• Selectable MSB-first or LSB-first shifting

• Programmable 8- or 16-bit data transmission length

• Receive data buffer hardware match feature

• 64-bit FIFO mode for high speed/large amounts of data transfers

• Support transmission of both Transmit and Receive by DMA

35.1.2 Modes of Operation
The SPI functions in three modes, run, wait, and stop.

• Run Mode

This is the basic mode of operation.

• Wait Mode

SPI operation in wait mode is a configurable low power mode, controlled by the
SPISWAI bit located in the SPIx_C2 register. In wait mode, if the SPISWAI bit is
clear, the SPI operates like in Run Mode. If the SPISWAI bit is set, the SPI goes into
a power conservative state, with the SPI clock generation turned off. If the SPI is
configured as a master, any transmission in progress stops, but is resumed after CPU
enters run mode. If the SPI is configured as a slave, reception and transmission of a
byte continues, so that the slave stays synchronized to the master.

• Stop Mode

To reduce power consumption, the SPI is inactive in stop modes where the peripheral
bus clock is stopped but internal logic states are retained. If the SPI is configured as a
master, any transmission in progress stops, but is resumed after the CPU enters run
mode. If the SPI is configured as a slave, reception and transmission of a data
continues, so that the slave stays synchronized to the master.

Introduction
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The SPI is completely disabled in stop modes where the peripheral bus clock is
stopped and internal logic states are not retained. When the CPU wakes from these
stop modes, all SPI register content is reset.

Detailed descriptions of operating modes appear in Low Power Mode Options.

35.1.3 Block Diagrams
This section includes block diagrams showing SPI system connections, the internal
organization of the SPI module, and the SPI clock dividers that control the master mode
bit rate.

35.1.3.1 SPI System Block Diagram

The following figure shows the SPI modules of two MCUs connected in a master-slave
arrangement. The master device initiates all SPI data transfers. During a transfer, the
master shifts data out (on the MOSI pin) to the slave while simultaneously shifting data
in (on the MISO pin) from the slave. The transfer effectively exchanges the data that was
in the SPI shift registers of the two SPI systems. The SPSCK signal is a clock output
from the master and an input to the slave. The slave device must be selected by a low
level on the slave select input (SS pin). In this system, the master device has configured
its SS pin as an optional slave select output.

SPI SHIFTER

MASTER

8 OR 16 BITS

CLOCK
GENERATOR

MOSI

MISO MISO

MOSI

SPSCK SPSCK

SS SS

SLAVE

SPI SHIFTER

8 OR 16 BITS

Figure 35-1. SPI System Connections
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Figure 35-2. SPI Module Block Diagram without FIFO
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Figure 35-3. SPI Module Block Diagram with FIFO

35.2 External Signal Description
The SPI optionally shares four port pins. The function of these pins depends on the
settings of SPI control bits. When the SPI is disabled (SPE = 0), these four pins revert to
other functions that are not controlled by the SPI (based on chip configuration).

External Signal Description
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35.2.1 SPSCK — SPI Serial Clock
When the SPI is enabled as a slave, this pin is the serial clock input. When the SPI is
enabled as a master, this pin is the serial clock output.

35.2.2 MOSI — Master Data Out, Slave Data In
When the SPI is enabled as a master and SPI pin control zero (SPC0) is 0 (not
bidirectional mode), this pin is the serial data output. When the SPI is enabled as a slave
and SPC0 is 0, this pin is the serial data input. If SPC0 is 1 to select single-wire
bidirectional mode, and master mode is selected, this pin becomes the bidirectional data
I/O pin (MOMI). Also, the bidirectional mode output enable bit determines whether the
pin acts as an input (BIDIROE is 0) or an output (BIDIROE is 1). If SPC0 is 1 and slave
mode is selected, this pin is not used by the SPI and reverts to other functions (based on
chip configuration).

35.2.3 MISO — Master Data In, Slave Data Out
When the SPI is enabled as a master and SPI pin control zero (SPC0) is 0 (not
bidirectional mode), this pin is the serial data input. When the SPI is enabled as a slave
and SPC0 is 0, this pin is the serial data output. If SPC0 is 1 to select single-wire
bidirectional mode, and slave mode is selected, this pin becomes the bidirectional data I/
O pin (SISO), and the bidirectional mode output enable bit determines whether the pin
acts as an input (BIDIROE is 0) or an output (BIDIROE is 1). If SPC0 is 1 and master
mode is selected, this pin is not used by the SPI and reverts to other functions (based on
chip configuration).

35.2.4 SS — Slave Select
When the SPI is enabled as a slave, this pin is the low-true slave select input. When the
SPI is enabled as a master and mode fault enable is off (MODFEN is 0), this pin is not
used by the SPI and reverts to other functions (based on chip configuration). When the
SPI is enabled as a master and MODFEN is 1, the slave select output enable bit
determines whether this pin acts as the mode fault input (SSOE is 0) or as the slave select
output (SSOE is 1).
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Memory Map and Register Descriptions

The SPI has 8-bit registers to select SPI options, to control baud rate, to report SPI status,
to hold an SPI data match value, and for transmit/receive data.

SPI memory map

Address
offset (hex)

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

0 FFFF_8190 SPI control register 1 (SPI0_C1) 8 R/W 04h 35.3.1/735

1 FFFF_8191 SPI control register 2 (SPI0_C2) 8 R/W 00h 35.3.2/737

2 FFFF_8192 SPI baud rate register (SPI0_BR) 8 R/W 00h 35.3.3/738

3 FFFF_8193 SPI status register (SPI0_S) 8 R 20h 35.3.4/739

4 FFFF_8194 SPI data register high (SPI0_DH) 8 R/W 00h 35.3.5/743

5 FFFF_8195 SPI data register low (SPI0_DL) 8 R/W 00h 35.3.6/743

6 FFFF_8196 SPI match register high (SPI0_MH) 8 R/W 00h 35.3.7/744

7 FFFF_8197 SPI match register low (SPI0_ML) 8 R/W 00h 35.3.8/744

8 FFFF_8198 SPI control register 3 (SPI0_C3) 8 R/W 00h 35.3.9/745

9 FFFF_8199 SPI clear interrupt register (SPI0_CI) 8 R/W 00h 35.3.10/
747

0 FFFF_81A0 SPI control register 1 (SPI1_C1) 8 R/W 04h 35.3.1/735

1 FFFF_81A1 SPI control register 2 (SPI1_C2) 8 R/W 00h 35.3.2/737

2 FFFF_81A2 SPI baud rate register (SPI1_BR) 8 R/W 00h 35.3.3/738

3 FFFF_81A3 SPI status register (SPI1_S) 8 R 20h 35.3.4/739

4 FFFF_81A4 SPI data register high (SPI1_DH) 8 R/W 00h 35.3.5/743

5 FFFF_81A5 SPI data register low (SPI1_DL) 8 R/W 00h 35.3.6/743

6 FFFF_81A6 SPI match register high (SPI1_MH) 8 R/W 00h 35.3.7/744

7 FFFF_81A7 SPI match register low (SPI1_ML) 8 R/W 00h 35.3.8/744

8 FFFF_81A8 SPI control register 3 (SPI1_C3) 8 R/W 00h 35.3.9/745

9 FFFF_81A9 SPI clear interrupt register (SPI1_CI) 8 R/W 00h 35.3.10/
747

0 FFFF_81B0 SPI control register 1 (SPI2_C1) 8 R/W 04h 35.3.1/735

1 FFFF_81B1 SPI control register 2 (SPI2_C2) 8 R/W 00h 35.3.2/737

2 FFFF_81B2 SPI baud rate register (SPI2_BR) 8 R/W 00h 35.3.3/738

3 FFFF_81B3 SPI status register (SPI2_S) 8 R 20h 35.3.4/739

4 FFFF_81B4 SPI data register high (SPI2_DH) 8 R/W 00h 35.3.5/743

5 FFFF_81B5 SPI data register low (SPI2_DL) 8 R/W 00h 35.3.6/743

6 FFFF_81B6 SPI match register high (SPI2_MH) 8 R/W 00h 35.3.7/744

7 FFFF_81B7 SPI match register low (SPI2_ML) 8 R/W 00h 35.3.8/744

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

Address
offset (hex)

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

8 FFFF_81B8 SPI control register 3 (SPI2_C3) 8 R/W 00h 35.3.9/745

9 FFFF_81B9 SPI clear interrupt register (SPI2_CI) 8 R/W 00h 35.3.10/
747

35.3.1 SPI control register 1 (SPIx_C1)

This read/write register includes the SPI enable control, interrupt enables, and
configuration options.

Address: FFFF_8190h base + 0h offset = FFFF_8190h

Bit 7 6 5 4 3 2 1 0
Read SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFEWrite
Reset 0 0 0 0 0 1 0 0

SPI0_C1 field descriptions

Field Description

7
SPIE

SPI interrupt enable: for SPRF and MODF (when FIFO is not supported or not enabled) or for read FIFO
(when FIFO is supported and enabled)

When the FIFO is not supported or not enabled (FIFOMODE is not present or is 0): This bit enables the
interrupt for SPI receive buffer full (SPRF) and mode fault (MODF) events.

When the FIFO is supported and enabled (FIFOMODE is 1): This bit enables the SPI to interrupt the CPU
when the receive FIFO is full. An interrupt occurs when the SPRF bit is set or the MODF bit is set.

0 Interrupts from SPRF and MODF are inhibited—use polling (when FIFOMODE is not present or is 0)
or Read FIFO Full Interrupts are disabled (when FIFOMODE is 1)

1 Request a hardware interrupt when SPRF or MODF is 1 (when FIFOMODE is not present or is 0) or
Read FIFO Full Interrupts are enabled (when FIFOMODE is 1)

6
SPE

SPI system enable

This bit enables the SPI system and dedicates the SPI port pins to SPI system functions. If SPE is
cleared, the SPI is disabled and forced into an idle state, and all status bits in the S register are reset.

0 SPI system inactive
1 SPI system enabled

5
SPTIE

SPI transmit interrupt enable

When the FIFO is not supported or not enabled (FIFOMODE is not present or is 0): This is the interrupt
enable bit for SPI transmit buffer empty (SPTEF). An interrupt occurs when the SPI transmit buffer is
empty (SPTEF is set).

When the FIFO is supported and enabled (FIFOMODE is 1): This is the interrupt enable bit for SPI
transmit FIFO empty (SPTEF). An interrupt occurs when the SPI transmit FIFO is empty (SPTEF is set).

Table continues on the next page...
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35.3.2 SPI control register 2 (SPIx_C2)

This read/write register is used to control optional features of the SPI system.

Address: FFFF_8190h base + 1h offset = FFFF_8191h

Bit 7 6 5 4 3 2 1 0
Read SPMIE SPIMODE TXDMAE MODFEN BIDIROE RXDMAE SPISWAI SPC0Write
Reset 0 0 0 0 0 0 0 0

SPI0_C2 field descriptions

Field Description

7
SPMIE

SPI match interrupt enable

This is the interrupt enable bit for the SPI receive data buffer hardware match (SPMF) function.

0 Interrupts from SPMF inhibited (use polling)
1 When SPMF is 1, requests a hardware interrupt

6
SPIMODE

SPI 8-bit or 16-bit mode

This bit allows the user to select either an 8-bit or 16-bit SPI data transmission length. In master mode, a
change of this bit aborts a transmission in progress, forces the SPI system into an idle state, and resets all
status bits in the S register. Refer to the description of “Data Transmission Length” for details.

0 8-bit SPI shift register, match register, and buffers
1 16-bit SPI shift register, match register, and buffers

5
TXDMAE

Transmit DMA enable

This bit enables a transmit DMA request. When this bit is set to 1, a transmit DMA request is asserted
when both SPTEF and SPE are set, and the interrupt from SPTEF is disabled.

0 DMA request for transmit is disabled and interrupt from SPTEF is allowed
1 DMA request for transmit is enabled and interrupt from SPTEF is disabled

4
MODFEN

Master mode-fault function enable

When the SPI is configured for slave mode, this bit has no meaning or effect. (The SS pin is the slave
select input.) In master mode, this bit determines how the SS pin is used. For details, refer to the
description of the SSOE bit in the C1 register.

0 Mode fault function disabled, master SS pin reverts to general-purpose I/O not controlled by SPI
1 Mode fault function enabled, master SS pin acts as the mode fault input or the slave select output

3
BIDIROE

Bidirectional mode output enable

When bidirectional mode is enabled because SPI pin control 0 (SPC0) is set to 1, the BIDIROE bit
determines whether the SPI data output driver is enabled to the single bidirectional SPI I/O pin. Depending
on whether the SPI is configured as a master or a slave, it uses the MOSI (MOMI) or MISO (SISO) pin,
respectively, as the single SPI data I/O pin. When SPC0 is 0, BIDIROE has no meaning or effect.

0 Output driver disabled so SPI data I/O pin acts as an input
1 SPI I/O pin enabled as an output

Table continues on the next page...
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SPI0_C2 field descriptions (continued)

Field Description

2
RXDMAE

Receive DMA enable

This is the enable bit for a receive DMA request. When this bit is set to 1, a receive DMA request is
asserted when both SPRF and SPE are set, and the interrupt from SPRF is disabled.

0 DMA request for receive is disabled and interrupt from SPRF is allowed
1 DMA request for receive is enabled and interrupt from SPRF is disabled

1
SPISWAI

SPI stop in wait mode

This bit is used for power conservation while the device is in wait mode.

0 SPI clocks continue to operate in wait mode
1 SPI clocks stop when the MCU enters wait mode

0
SPC0

SPI pin control 0

This bit enables bidirectional pin configurations.

0 SPI uses separate pins for data input and data output (pin mode is normal).

In master mode of operation: MISO is master in and MOSI is master out.

In slave mode of operation: MISO is slave out and MOSI is slave in.
1 SPI configured for single-wire bidirectional operation (pin mode is bidirectional).

In master mode of operation: MISO is not used by SPI; MOSI is master in when BIDIROE is 0 or
master I/O when BIDIROE is 1.

In slave mode of operation: MISO is slave in when BIDIROE is 0 or slave I/O when BIDIROE is 1;
MOSI is not used by SPI.

35.3.3 SPI baud rate register (SPIx_BR)

Use this register to set the prescaler and bit rate divisor for an SPI master. This register
may be read or written at any time.

Address: FFFF_8190h base + 2h offset = FFFF_8192h

Bit 7 6 5 4 3 2 1 0

Read 0 SPPR[2:0] SPR[3:0]
Write
Reset 0 0 0 0 0 0 0 0

SPI0_BR field descriptions

Field Description

7
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

6–4
SPPR[2:0]

SPI baud rate prescale divisor

Table continues on the next page...
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• The RNFULLF and TNEAREF help improve the efficiency of FIFO operation when
transfering large amounts of data. These flags provide a "watermark" feature of the
FIFOs to allow continuous transmissions of data when running at high speed.

• The RNFULLF can generate an interrupt if the RNFULLIEN bit in the C3 register is
set, which allows the CPU to start emptying the receive FIFO without delaying the
reception of subsequent bytes. The user can also determine if all data in the receive
FIFO has been read by monitoring the RFIFOEF.

• The TNEAREF can generate an interrupt if the TNEARIEN bit in the C3 register is
set, which allows the CPU to start filling the transmit FIFO before it is empty and
thus to prevent breaks in SPI transmission.

NOTE
At an initial POR, the values of TNEAREF and RFIFOEF are
0. However, the status (S) register and both TX and RX FIFOs
are reset due to a change of SPIMODE, FIFOMODE or SPE. If
this type of reset occurs and FIFOMODE is 0, TNEAREF and
RFIFOEF continue to reset to 0. If this type of reset occurs and
FIFOMODE is 1, TNEAREF and RFIFOEF reset to 1.

Address: FFFF_8190h base + 3h offset = FFFF_8193h

Bit 7 6 5 4 3 2 1 0

Read SPRF SPMF SPTEF MODF RNFULLF TNEAREF TXFULLF RFIFOEF

Write

Reset 0 0 1 0 0 0 0 0

SPI0_S field descriptions

Field Description

7
SPRF

SPI read buffer full flag (when FIFO is not supported or not enabled) or SPI read FIFO FULL flag (when
FIFO is supported and enabled)

When the FIFO is not supported or not enabled (FIFOMODE is not present or is 0): SPRF is set at the
completion of an SPI transfer to indicate that received data may be read from the SPI data (DH:DL)
register. When the receive DMA request is disabled (RXDMAE is 0), SPRF is cleared by reading SPRF
while it is set and then reading the SPI data register. When the receive DMA request is enabled (RXDMAE
is 1), SPRF is automatically cleared when the DMA transfer for the receive DMA request is completed (RX
DMA Done is asserted).

When FIFOMODE is 1: This bit indicates the status of the read FIFO when FIFOMODE is enabled. The
SPRF is set when the read FIFO has received 64 bits (4 words or 8 bytes) of data from the shifter and
there have been no CPU reads of the SPI data (DH:DL) register. When the receive DMA request is
disabled (RXDMAE is 0), SPRF is cleared by reading the SPI data register, which empties the FIFO
assuming another SPI message is not received. When the receive DMA request is enabled (RXDMAE is
1), SPRF is automatically cleared when the DMA transfer for the receive DMA request is completed (RX
DMA Done is asserted).

Table continues on the next page...
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35.3.5 SPI data register high (SPIx_DH)

Refer to the description of the DL register.

Address: FFFF_8190h base + 4h offset = FFFF_8194h

Bit 7 6 5 4 3 2 1 0
Read Bits[15:8]Write
Reset 0 0 0 0 0 0 0 0

SPI0_DH field descriptions

Field Description

7–0
Bits[15:8]

Data (high byte)

35.3.6 SPI data register low (SPIx_DL)

This register, together with the DH register, is both the input and output register for SPI
data. A write to the registers writes to the transmit data buffer, allowing data to be queued
and transmitted.

When the SPI is configured as a master, data queued in the transmit data buffer is
transmitted immediately after the previous transmission has completed.

The SPTEF bit in the S register indicates when the transmit data buffer is ready to accept
new data. When the transmit DMA request is disabled (TXDMAE is 0): The S register
must be read when SPTEF is set before writing to the SPI data registers; otherwise, the
write is ignored. When the transmit DMA request is enabled (TXDMAE is 1) when
SPTEF is set, the SPI data registers can be written automatically by DMA without
reading the S register first.

Data may be read from the SPI data registers any time after SPRF is set and before
another transfer is finished. Failure to read the data out of the receive data buffer before a
new transfer ends causes a receive overrun condition, and the data from the new transfer
is lost. The new data is lost because the receive buffer still held the previous character
and was not ready to accept the new data. There is no indication for a receive overrun
condition, so the application system designer must ensure that previous data has been
read from the receive buffer before a new transfer is initiated.

In 8-bit mode, only the DL register is available. Reads of the DH register return all zeros.
Writes to the DH register are ignored.
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In 16-bit mode, reading either byte (the DH or DL register) latches the contents of both
bytes into a buffer where they remain latched until the other byte is read. Writing to
either byte (the DH or DL register) latches the value into a buffer. When both bytes have
been written, they are transferred as a coherent 16-bit value into the transmit data buffer.

Address: FFFF_8190h base + 5h offset = FFFF_8195h

Bit 7 6 5 4 3 2 1 0
Read Bits[7:0]Write
Reset 0 0 0 0 0 0 0 0

SPI0_DL field descriptions

Field Description

7–0
Bits[7:0]

Data (low byte)

35.3.7 SPI match register high (SPIx_MH)

Refer to the description of the ML register.

Address: FFFF_8190h base + 6h offset = FFFF_8196h

Bit 7 6 5 4 3 2 1 0
Read Bits[15:8]Write
Reset 0 0 0 0 0 0 0 0

SPI0_MH field descriptions

Field Description

7–0
Bits[15:8]

Hardware compare value (high byte)

35.3.8 SPI match register low (SPIx_ML)

This register, together with the MH register, contains the hardware compare value. When
the value received in the SPI receive data buffer equals this hardware compare value, the
SPI match flag (SPMF) sets.

In 8-bit mode, only the ML register is available. Reads of the MH register return all
zeros. Writes to the MH register are ignored.
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In 16-bit mode, reading either byte (the MH or ML register) latches the contents of both
bytes into a buffer where they remain latched until the other byte is read. Writing to
either byte (the MH or ML register) latches the value into a buffer. When both bytes have
been written, they are transferred as a coherent value into the SPI match registers.

Address: FFFF_8190h base + 7h offset = FFFF_8197h

Bit 7 6 5 4 3 2 1 0
Read Bits[7:0]Write
Reset 0 0 0 0 0 0 0 0

SPI0_ML field descriptions

Field Description

7–0
Bits[7:0]

Hardware compare value (low byte)

35.3.9 SPI control register 3 (SPIx_C3)

This register introduces a 64-bit FIFO function on both transmit and receive buffers. It
applies only for an instance of the SPI module that supports the FIFO feature.

FIFO mode is enabled by setting the FIFOMODE bit to 1. A write to this register occurs
only when it sets the FIFOMODE bit to 1.

Using this FIFO feature allows the SPI to provide high speed transfers of large amounts
of data without consuming large amounts of the CPU bandwidth.

Enabling this FIFO function affects the behavior of some of the read/write buffer flags in
the S register as follows:

• The SPRF of the S register is 1 when the receive FIFO is filled. As a result:
• If the RXDMAE bit in the C2 register is 1, SPRF generates a receive DMA

request.
• If the RXDMAE bit in the C2 register is 0 and the SPIE bit in the C1 register is

1, SPRF interrupts the CPU.
• The SPTEF of the S register is 1 when the transmit FIFO is empty. As a result:

• If the TXDMAE bit in the C2 register is 1, SPTEF generates a transmit DMA
request.

• If the TXDMAE bit in the C2 register is 0 and the SPTIE bit in the C1 register is
1, SPTEF interrupts the CPU.

Two interrupt enable bits, TNEARIEN and RNFULLIEN, provide CPU interrupts based
on the "watermark" feature of the TNEARF and RNFULLF flags of the S register.
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Address: FFFF_8190h base + 8h offset = FFFF_8198h

Bit 7 6 5 4 3 2 1 0

Read 0 TNEAREF_
MARK

RNFULLF_
MARK INTCLR TNEARIEN RNFULLIEN FIFOMODE

Write
Reset 0 0 0 0 0 0 0 0

SPI0_C3 field descriptions

Field Description

7–6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5
TNEAREF_

MARK

Transmit FIFO nearly empty watermark

This bit selects the mark after which the TNEAREF flag is asserted.

0 TNEAREF is set when the transmit FIFO has 16 bits or less
1 TNEAREF is set when the transmit FIFO has 32 bits or less

4
RNFULLF_

MARK

Receive FIFO nearly full watermark

This bit selects the mark after which the RNFULLF flag is asserted.

0 RNFULLF is set when the receive FIFO has 48 bits or more
1 RNFULLF is set when the receive FIFO has 32 bits or more

3
INTCLR

Interrupt clearing mechanism select

This bit selects the mechanism by which the SPRF, SPTEF, TNEAREF, and RNFULLF interrupts are
cleared.

0 These interrupts are cleared when the corresponding flags are cleared depending on the state of the
FIFOs

1 These interrupts are cleared by writing the corresponding bits in the CI register

2
TNEARIEN

Transmit FIFO nearly empty interrupt enable

Writing 1 to this bit enables the SPI to interrupt the CPU when the TNEAREF flag is set. This bit is ignored
and has no function if the FIFOMODE bit is 0.

0 No interrupt upon TNEAREF being set
1 Enable interrupts upon TNEAREF being set

1
RNFULLIEN

Receive FIFO nearly full interrupt enable

Writing 1 to this bit enables the SPI to interrupt the CPU when the RNFULLF flag is set. This bit is ignored
and has no function if the FIFOMODE bit is 0.

0 No interrupt upon RNFULLF being set
1 Enable interrupts upon RNFULLF being set

0
FIFOMODE

FIFO mode enable

This bit enables the SPI to use a 64-bit FIFO (8 bytes or four 16-bit words) for both transmit and receive
buffers.

0 Buffer mode disabled
1 Data available in the receive data buffer
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35.3.10 SPI clear interrupt register (SPIx_CI)

This register applies only for an instance of the SPI module that supports the FIFO
feature.

The register has four bits dedicated to clearing the interrupts. Writing 1 to these bits
clears the corresponding interrupts if the INTCLR bit in the C3 register is 1. Reading
these bits always returns 0.

This register also has two read-only bits to indicate the transmit FIFO and receive FIFO
overrun conditions. When the receive FIFO is full and data is received, RXFOF is set.
Similarily, when the transmit FIFO is full and a write to the data register occurs, TXFOF
is set. These flags are cleared when the CI register is read while the flags are set.

The register has two more read-only bits to indicate the error flags. These flags are set
when, due to some spurious reason, entries in the FIFO total more than 64 bits of data. At
this point, all the flags in the status register are reset, and entries in the FIFO are flushed
with the corresponding error flags set. These flags are cleared when the CI register is read
while the flags are set.

Address: FFFF_8190h base + 9h offset = FFFF_8199h

Bit 7 6 5 4 3 2 1 0

Read TXFERR RXFERR TXFOF RXFOF 0 0 0 0

Write TNEAREFCI RNFULLFCI SPTEFCI SPRFCI

Reset 0 0 0 0 0 0 0 0

SPI0_CI field descriptions

Field Description

7
TXFERR

Transmit FIFO error flag

This flag indicates that a transmit FIFO error occurred because entries in the FIFO total more than 64 bits
of data.

0 No transmit FIFO error occurred
1 A transmit FIFO error occurred

6
RXFERR

Receive FIFO error flag

This flag indicates that a receive FIFO error occurred because entries in the FIFO total more than 64 bits
of data.

0 No receive FIFO error occurred
1 A receive FIFO error occurred

5
TXFOF

Transmit FIFO overflow flag

This flag indicates that a transmit FIFO overflow condition has occurred.

Table continues on the next page...
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SPI0_CI field descriptions (continued)

Field Description
0 Transmit FIFO overflow condition has not occurred
1 Transmit FIFO overflow condition occurred

4
RXFOF

Receive FIFO overflow flag

This flag indicates that a receive FIFO overflow condition has occurred.

0 Receive FIFO overflow condition has not occurred
1 Receive FIFO overflow condition occurred

3
TNEAREFCI

Transmit FIFO nearly empty flag clear interrupt

Writing 1 to this bit clears the TNEAREF interrupt provided that C3[3] is set.

2
RNFULLFCI

Receive FIFO nearly full flag clear interrupt

Writing 1 to this bit clears the RNFULLF interrupt provided that C3[3] is set.

1
SPTEFCI

Transmit FIFO empty flag clear interrupt

Writing 1 to this bit clears the SPTEF interrupt provided that C3[3] is set.

0
SPRFCI

Receive FIFO full flag clear interrupt

Writing 1 to this bit clears the SPRF interrupt provided that C3[3] is set.

35.4 Functional Description
This section provides the functional description of the module.

35.4.1 General
The SPI system is enabled by setting the SPI enable (SPE) bit in SPI Control Register 1.
While the SPE bit is set, the four associated SPI port pins are dedicated to the SPI
function as:

• Slave select (SS)

• Serial clock (SPSCK)

• Master out/slave in (MOSI)

• Master in/slave out (MISO)

An SPI transfer is initiated in the master SPI device by reading the SPI status register
(SPIx_S) when SPTEF = 1 and then writing data to the transmit data buffer (write to
SPIx_DH:SPIx_DL). When a transfer is complete, received data is moved into the
receive data buffer. The SPIx_DH:SPIx_DL registers act as the SPI receive data buffer
for reads and as the SPI transmit data buffer for writes.
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MCF51JG256 Reference Manual, Rev. 1, 01/2013

748 Freescale Semiconductor, Inc.



The clock phase control bit (CPHA) and clock polarity control bit (CPOL) in the SPI
Control Register 1 (SPIx_C1) select one of four possible clock formats to be used by the
SPI system. The CPOL bit simply selects a non-inverted or inverted clock. The CPHA bit
is used to accommodate two fundamentally different protocols by sampling data on odd
numbered SPSCK edges or on even numbered SPSCK edges.

The SPI can be configured to operate as a master or as a slave. When the MSTR bit in
SPI Control Register 1 is set, master mode is selected; when the MSTR bit is clear, slave
mode is selected.

35.4.2 Master Mode
The SPI operates in master mode when the MSTR bit is set. Only a master SPI module
can initiate transmissions. A transmission begins by reading the SPIx_S register while
SPTEF = 1 and writing to the master SPI data registers. If the shift register is empty, the
byte immediately transfers to the shift register. The data begins shifting out on the MOSI
pin under the control of the serial clock.

• SPSCK

• The SPR3, SPR2, SPR1, and SPR0 baud rate selection bits in conjunction with
the SPPR2, SPPR1, and SPPR0 baud rate preselection bits in the SPI Baud Rate
register control the baud rate generator and determine the speed of the
transmission. The SPSCK pin is the SPI clock output. Through the SPSCK pin,
the baud rate generator of the master controls the shift register of the slave
peripheral.

• MOSI, MISO pin

• In master mode, the function of the serial data output pin (MOSI) and the serial
data input pin (MISO) is determined by the SPC0 and BIDIROE control bits.

• SS pin

• If MODFEN and SSOE bit are set, the SS pin is configured as slave select
output. The SS output becomes low during each transmission and is high when
the SPI is in idle state. If MODFEN is set and SSOE is cleared, the SS pin is
configured as input for detecting mode fault error. If the SS input becomes low
this indicates a mode fault error where another master tries to drive the MOSI
and SPSCK lines. In this case, the SPI immediately switches to slave mode by
clearing the MSTR bit and also disables the slave output buffer MISO (or SISO
in bidirectional mode). As a result, all outputs are disabled, and SPSCK, MOSI
and MISO are inputs. If a transmission is in progress when the mode fault
occurs, the transmission is aborted and the SPI is forced into idle state. This
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mode fault error also sets the mode fault (MODF) flag in the SPI Status Register
(SPIx_S). If the SPI interrupt enable bit (SPIE) is set when the MODF flag gets
set, then an SPI interrupt sequence is also requested. When a write to the SPI
Data Register in the master occurs, there is a half SPSCK-cycle delay. After the
delay, SPSCK is started within the master. The rest of the transfer operation
differs slightly, depending on the clock format specified by the SPI clock phase
bit, CPHA, in SPI Control Register 1 (see SPI Clock Formats).

Note

A change of the bits CPOL, CPHA, SSOE, LSBFE, MODFEN,
SPC0, BIDIROE with SPC0 set, SPIMODE, FIFOMODE,
SPPR2-SPPR0 and SPR3-SPR0 in master mode abort a
transmission in progress and force the SPI into idle state. The
remote slave cannot detect this, therefore the master has to
ensure that the remote slave is set back to idle state.

35.4.3 Slave Mode
The SPI operates in slave mode when the MSTR bit in SPI Control Register1 is clear.

• SPSCK

In slave mode, SPSCK is the SPI clock input from the master.

• MISO, MOSI pin

In slave mode, the function of the serial data output pin (MISO) and serial data input
pin (MOSI) is determined by the SPC0 bit and BIDIROE bit in SPI Control Register
2.

• SS pin

The SS pin is the slave select input. Before a data transmission occurs, the SS pin of
the slave SPI must be low. SS must remain low until the transmission is complete. If
SS goes high, the SPI is forced into an idle state.

The SS input also controls the serial data output pin. If SS is high (not selected), the
serial data output pin is high impedance. If SS is low, the first bit in the SPI Data
Register is driven out of the serial data output pin. Also, if the slave is not selected
(SS is high), then the SPSCK input is ignored and no internal shifting of the SPI shift
register occurs.
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Although the SPI is capable of duplex operation, some SPI peripherals are capable of
only receiving SPI data in a slave mode. For these simpler devices, there is no serial
data out pin.

Note

When peripherals with duplex capability are used, take care not
to simultaneously enable two receivers whose serial outputs
drive the same system slave's serial data output line.

As long as no more than one slave device drives the system slave's serial data output line,
it is possible for several slaves to receive the same transmission from a master, although
the master would not receive return information from all of the receiving slaves.

If the CPHA bit in SPI Control Register 1 is clear, odd numbered edges on the SPSCK
input cause the data at the serial data input pin to be latched. Even numbered edges cause
the value previously latched from the serial data input pin to shift into the LSB or MSB
of the SPI shift register, depending on the LSBFE bit.

If the CPHA bit is set, even numbered edges on the SPSCK input cause the data at the
serial data input pin to be latched. Odd numbered edges cause the value previously
latched from the serial data input pin to shift into the LSB or MSB of the SPI shift
register, depending on the LSBFE bit.

When CPHA is set, the first edge is used to get the first data bit onto the serial data output
pin. When CPHA is clear and the SS input is low (slave selected), the first bit of the SPI
data is driven out of the serial data output pin. After the eighth (SPIMODE = 0) or
sixteenth (SPIMODE = 1) shift, the transfer is considered complete and the received data
is transferred into the SPI Data register. To indicate transfer is complete, the SPRF flag in
the SPI Status Register is set.

Note

A change of the bits FIFOMODE,SPIMODE, BIDIROE with
SPC0 set, CPOL, CPHA, SSOE, LSBFE, MODFEN, and SPC0
in slave mode will corrupt a transmission in progress and must
be avoided.

35.4.4 SPI FIFO Mode
When the FIFO feature is supported: The SPI works in FIFO mode when the
C3[FIFOMODE] bit is set. When the module is in FIFO mode, the SPI RX buffer and
SPI TX buffer are replaced by an 8-byte-deep FIFO, as the following figures show.
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SPI Data Register

IPBus (ips_rdata[7:0])

Read Access

SPI_REG_BLOCK

FIFO Ctrlr

SPI_CORE_SHFR

FIFO depth = 8 bytes

Load
Control

RX- FIFO

shfr_rx_reg

spidh:l_rx_reg

Figure 35-44. SPIH:L read side structural overview in FIFO mode

IPBus (ips_rdata[7:0])
Read Access

SPI_CORE_SHFR

FIFO Ctrlr FIFO depth = 8 bytes

Read
Control

TX- FIFO

shfr_tx_reg

SPI_REG_BLOCK
SPI Data Register

spidh:l_tx_reg

Figure 35-45. SPIH:L write side structural overview in FIFO mode

35.4.5 SPI Transmission by DMA
SPI supports both Transmit and Receive by DMA. The basic flow of SPI transmission by
DMA is as below.
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Configure SPI before Transmission 

RESET

Configure DMA Controller
for SPI Transmission

Set TXDMAE/RXDMAE=1 to enable
Transmit/Receive by DMA

Set SPE=1 to start transmission in
master mode or enable SPI for

transmission in slave moe

Wait for interrupt(s) of DMA Controller
indicating end of SPI transmission

Figure 35-46. Basic Flow of SPI Transmission by DMA

35.4.5.1 Transmit by DMA

Transmit by DMA is supported only when TXDMAE is set. A transmit DMA request is
asserted when both SPE and SPTEF are set. Then the on-chip DMA controller detects
this request and transfers data from memory into the SPI data register. After that, TX
DMA DONE is asserted to clear SPTEF automatically. This process repeats until all data
for transmission (the number is decided by the configuration register[s] of the DMA
controller) is sent.

When the FIFO feature is supported: In FIFO mode (FIFOMODE=1) and when a data
length of 8 bits is selected (SPIMODE=0), the DMA transfer for one transmit DMA
request can write more than 1 byte (up to 8 bytes) to the DL register because the TX
FIFO can store 8 bytes of transmit data. In FIFO mode (FIFOMODE=1) and when a data
length of 16 bits is selected (SPIMODE=1), the DMA transfer for one transmit DMA
request can write more than 1 word (up to 4 words) to the DH:DL registers because the
TX FIFO can store 4 words of transmit data. A larger number of bytes or words
transferred from memory to the SPI data register for each transmit DMA request results
in a lower total number of transmit DMA requests.

When the FIFO feature is supported and FIFOMODE is 0: After DMA transfers the first
byte to the SPI data register, the SPI pushes this data into the shifter, thereby making
SPTEF high again. This generates another DMA request immediately, but the CPU lacks
enough time to service the first DMA interrupt service request (ISR). The subsequent
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DMA request is paced at the SPI transfer rate. Manage this behavior during the first byte
transfer through the DMA channel. Write the first byte to the SPI data register via the
CPU. The other bytes are transmitted by the DMA.

Configure SPI before Transmission 

RESET

Configure DMA Controller
for SPI transmission

Set SPE=1 to start transmission in
master mode or enable SPI for

transmission in slave mode

Wait for interrupt(s) of DMA Controller
indicating end of SPI transmission

Read SPI status register

Write the first byte to SPI data register
via CPU

Set TXDMAE to enable Transmit by
DMA

Figure 35-47. Recommended startup of SPI transmit by DMA

35.4.5.2 Receive by DMA

Receive by DMA is supported only when RXDMAE is set. A receive DMA request is
asserted when both SPE and SPRF are set. Then the on-chip DMA controller detects this
request and transfers data from the SPI data register into memory. After that, RX DMA
DONE is asserted to clear SPRF automatically. This process repeats until all data to be
received (the number is decided by configuration register[s] of the DMA controller) is
received or no receive DMA request is generated again because the SPI transmission is
finished.

When the FIFO feature is supported: In FIFO mode (FIFOMODE=1) and when a data
length of 8 bits is selected (SPIMODE=0), the DMA transfer for one receive DMA
request can read more than 1 byte (up to 8 bytes) from the SPI data register because the
RX FIFO is full with 8 bytes. In FIFO mode (FIFOMODE=1) and when a data length of
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16 bits is selected (SPIMODE=1), the DMA transfer for one receive DMA request can
read more than 1 word (up to 4 words) from the DH:DL registers because the RX FIFO is
full with 4 words. A larger number of bytes or words transferred from the SPI data
register to memory for one receive DMA request results in a lower total number of
receive DMA requests.

35.4.6 Data Transmission Length
The SPI can support data lengths of 8 or 16 bits. The length can be configured with the
SPIMODE bit in the SPIx_C2 register.

In 8-bit mode (SPIMODE = 0), the SPI Data Register is comprised of one byte:
SPIx_DL. The SPI Match Register is also comprised of only one byte: SPIx_ML. Reads
of SPIx_DH and SPIx_MH will return zero. Writes to SPIx_DH and SPIx_MH will be
ignored.

In 16-bit mode (SPIMODE = 1), the SPI Data Register is comprised of two bytes:
SPIx_DH and SPIx_DL. Reading either byte (SPIx_DH or SPIx_DL) latches the contents
of both bytes into a buffer where they remain latched until the other byte is read. Writing
to either byte (SPIx_DH or SPIx_DL) latches the value into a buffer. When both bytes
have been written, they are transferred as a coherent 16-bit value into the transmit data
buffer.

In 16-bit mode, the SPI Match Register is also comprised of two bytes: SPIx_MH and
SPIx_ML. There is no buffer mechanism for the reading of SPIxMH and SPIxML since
they can only be changed by writing at CPU side. Writing to either byte (SPIx_MH or
SPIx_ML) latches the value into a buffer. When both bytes have been written, they are
transferred as a coherent 16-bit value into the SPI Match Register.

Any switching between 8- and 16-bit data transmission length (controlled by SPIMODE
bit) in master mode will abort a transmission in progress, force the SPI system into idle
state, and reset all status bits in the SPIx_S register. To initiate a transfer after writing to
SPIMODE, the SPIx_S register must be read with SPTEF = 1, and data must be written
to SPIx_DH:SPIx_DL in 16-bit mode (SPIMODE = 1) or SPIx_DL in 8-bit mode
(SPIMODE = 0).

In slave mode, user software should write to SPIMODE only once to prevent corrupting a
transmission in progress.

Note

Data can be lost if the data length is not the same for both
master and slave devices.
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35.4.7 SPI Clock Formats
To accommodate a wide variety of synchronous serial peripherals from different
manufacturers, the SPI system has a clock polarity (CPOL) bit and a clock phase (CPHA)
control bit to select one of four clock formats for data transfers. CPOL selectively inserts
an inverter in series with the clock. CPHA chooses between two different clock phase
relationships between the clock and data.

The following figure shows the clock formats when SPIMODE = 0 (8-bit mode) and
CPHA = 1. At the top of the figure, the eight bit times are shown for reference with bit 1
starting at the first SPSCK edge and bit 8 ending one-half SPSCK cycle after the eighth
SPSCK edge. The MSB first and LSB first lines show the order of SPI data bits
depending on the setting in LSBFE. Both variations of SPSCK polarity are shown, but
only one of these waveforms applies for a specific transfer, depending on the value in
CPOL. The SAMPLE IN waveform applies to the MOSI input of a slave or the MISO
input of a master. The MOSI waveform applies to the MOSI output pin from a master
and the MISO waveform applies to the MISO output from a slave. The SS OUT
waveform applies to the slave select output from a master (provided MODFEN and
SSOE = 1). The master SS output goes to active low one-half SPSCK cycle before the
start of the transfer and goes back high at the end of the eighth bit time of the transfer.
The SS IN waveform applies to the slave select input of a slave.
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Figure 35-48. SPI Clock Formats (CPHA = 1)

When CPHA = 1, the slave begins to drive its MISO output when SS goes to active low,
but the data is not defined until the first SPSCK edge. The first SPSCK edge shifts the
first bit of data from the shifter onto the MOSI output of the master and the MISO output
of the slave. The next SPSCK edge causes both the master and the slave to sample the
data bit values on their MISO and MOSI inputs, respectively. At the third SPSCK edge,
the SPI shifter shifts one bit position which shifts in the bit value that was just sampled,
and shifts the second data bit value out the other end of the shifter to the MOSI and
MISO outputs of the master and slave, respectively.

When CPHA = 1, the slave's SS input is not required to go to its inactive high level
between transfers. In this clock format, a back-to-back transmission can occur, as
follows:

1. A transmission is in progress.
2. A new data byte is written to the transmit buffer before the in-progress transmission

is complete.
3. When the in-progress transmission is complete, the new, ready data byte is

transmitted immediately.
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Between these two successive transmissions, no pause is inserted; the SS pin remains
low.

The following figure shows the clock formats when SPIMODE = 0 and CPHA = 0. At
the top of the figure, the eight bit times are shown for reference with bit 1 starting as the
slave is selected (SS IN goes low), and bit 8 ends at the last SPSCK edge. The MSB first
and LSB first lines show the order of SPI data bits depending on the setting in LSBFE.
Both variations of SPSCK polarity are shown, but only one of these waveforms applies
for a specific transfer, depending on the value in CPOL. The SAMPLE IN waveform
applies to the MOSI input of a slave or the MISO input of a master. The MOSI waveform
applies to the MOSI output pin from a master and the MISO waveform applies to the
MISO output from a slave. The SS OUT waveform applies to the slave select output from
a master (provided MODFEN and SSOE = 1). The master SS output goes to active low at
the start of the first bit time of the transfer and goes back high one-half SPSCK cycle
after the end of the eighth bit time of the transfer. The SS IN waveform applies to the
slave select input of a slave.
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(SLAVE)
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(SLAVE OUT)
MISO

MSB FIRST
LSB FIRST

MOSI
(MASTER OUT)

(MISO OR MOSI)
SAMPLE IN
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SPSCK
(CPOL = 0)

BIT TIME #
(REFERENCE)

BIT 7
BIT 0

BIT 6
BIT 1

BIT 2
BIT 5

BIT 0
BIT 7

BIT 1
BIT 6

1 2 6 7 8...

...

...

Figure 35-49. SPI Clock Formats (CPHA = 0)
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When CPHA = 0, the slave begins to drive its MISO output with the first data bit value
(MSB or LSB depending on LSBFE) when SS goes to active low. The first SPSCK edge
causes both the master and the slave to sample the data bit values on their MISO and
MOSI inputs, respectively. At the second SPSCK edge, the SPI shifter shifts one bit
position which shifts in the bit value that was just sampled and shifts the second data bit
value out the other end of the shifter to the MOSI and MISO outputs of the master and
slave, respectively. When CPHA = 0, the slave's SS input must go to its inactive high
level between transfers.

35.4.8 SPI Baud Rate Generation
As shown in the following figure, the clock source for the SPI baud rate generator is the
bus clock. The three prescale bits (SPPR2:SPPR1:SPPR0) choose a prescale divisor of 1,
2, 3, 4, 5, 6, 7, or 8. The three rate select bits (SPR3:SPR2:SPR1:SPR0) divide the output
of the prescaler stage by 2, 4, 8, 16, 32, 64, 128, 256, or 512 to get the internal SPI master
mode bit-rate clock.

The baud rate generator is activated only when the SPI is in the master mode and a serial
transfer is taking place. In the other cases, the divider is disabled to decrease IDD current.

The baud rate divisor equation is as follows (except those reserved combinations in the
SPI Baud Rate Divisor table).
BaudRateDivisor = (SPPR + 1) × 2(SPR + 1)

The baud rate can be calculated with the following equation:
BaudRate = BusClock / BaudRateDivisor

MASTER
SPI
BIT RATE

BAUD RATE DIVIDERPRESCALER

BUS
CLOCK

SPPR2:SPPR1:SPPR0 SPR3:SPR2:SPR1:SPR0

DIVIDE BY
1, 2, 3, 4, 5, 6, 7, or 8

DIVIDE BY
2, 4, 8, 16, 32, 64, 128, 

256, or 512

Figure 35-50. SPI Baud Rate Generation

35.4.9 Special Features
The following section shows the module special features.
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35.4.9.1 SS Output

The SS output feature automatically drives the SS pin low during transmission to select
external devices and drives the SS pin high during idle to deselect external devices. When
the SS output is selected, the SS output pin is connected to the SS input pin of the
external device.

The SS output is available only in master mode during normal SPI operation by asserting
the SSOE and MODFEN bits as shown in the description of the C1[SSOE] bit.

The mode fault feature is disabled while SS output is enabled.

Note

Be careful when using the SS output feature in a multimaster
system because the mode fault feature is not available for
detecting system errors between masters.

35.4.9.2 Bidirectional Mode (MOMI or SISO)

The bidirectional mode is selected when the SPC0 bit is set in SPI Control Register 2 (see
the following table). In this mode, the SPI uses only one serial data pin for the interface
with one or more external devices. The MSTR bit decides which pin to use. The MOSI
pin becomes the serial data I/O (MOMI) pin for the master mode, and the MISO pin
becomes serial data I/O (SISO) pin for the slave mode. The MISO pin in master mode
and MOSI pin in slave mode are not used by the SPI.

Table 35-45. Normal Mode and Bidirectional Mode

When SPE = 1 Master Mode MSTR = 1 Slave Mode MSTR = 0

Normal Mode

SPC0 = 0

MOSI

MISO

Serial Out

SPI

Serial In

MOSI

MISOSerial Out

SPI

Serial In

Bidirectional Mode

SPC0 = 1

Serial Out

SPI

Serial In

MOMI

BIDIROE

Serial Out

SPI

Serial In

SISO

BIDIROE

The direction of each serial I/O pin depends on the BIDIROE bit. If the pin is configured
as an output, serial data from the shift register is driven out on the pin. The same pin is
also the serial input to the shift register.

The SPSCK is an output for the master mode and an input for the slave mode.

Functional Description
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SS is the input or output for the master mode, and it is always the input for the slave
mode.

The bidirectional mode does not affect SPSCK and SS functions.

Note

In bidirectional master mode, with the mode fault feature
enabled, both data pins MISO and MOSI can be occupied by
the SPI, though MOSI is normally used for transmissions in
bidirectional mode and MISO is not used by the SPI. If a mode
fault occurs, the SPI is automatically switched to slave mode. In
this case, MISO becomes occupied by the SPI and MOSI is not
used. Consider this scenario if the MISO pin is used for another
purpose.

35.4.10 Error Conditions
The SPI module has one error condition: the mode fault error.

35.4.10.1 Mode Fault Error

If the SS input becomes low while the SPI is configured as a master, it indicates a system
error where more than one master may be trying to drive the MOSI and SPSCK lines
simultaneously. This condition is not permitted in normal operation, and it sets the
MODF bit in the SPI status register automatically provided that the MODFEN bit is set.

In the special case where the SPI is in master mode and the MODFEN bit is cleared, the
SS pin is not used by the SPI. In this special case, the mode fault error function is
inhibited and MODF remains cleared. If the SPI system is configured as a slave, the SS
pin is a dedicated input pin. A mode fault error does not occur in slave mode.

If a mode fault error occurs, the SPI is switched to slave mode, with the exception that
the slave output buffer is disabled. So the SPSCK, MISO and MOSI pins are forced to be
high impedance inputs to avoid any possibility of conflict with another output driver. A
transmission in progress is aborted and the SPI is forced into idle state.

If the mode fault error occurs in the bidirectional mode for an SPI system configured in
master mode, the output enable of MOMI (MOSI in bidirectional mode) is cleared if it
was set. No mode fault error occurs in the bidirectional mode for the SPI system
configured in slave mode.

Chapter 35 Serial Peripheral Interface (SPI)

MCF51JG256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 761



The mode fault flag is cleared automatically by a read of the SPI Status Register (with
MODF set) followed by a write to SPI Control Register 1. If the mode fault flag is
cleared, the SPI becomes a normal master or slave again.

35.4.11 Low Power Mode Options
This section describes the low power mode options.

35.4.11.1 SPI in Run Mode

In run mode, with the SPI system enable (SPE) bit in the SPI control register clear, the
SPI system is in a low-power, disabled state. SPI registers can still be accessed, but
clocks to the core of this module are disabled.

35.4.11.2 SPI in Wait Mode

SPI operation in wait mode depends upon the state of the SPISWAI bit in SPI Control
Register 2.

• If SPISWAI is clear, the SPI operates normally when the CPU is in wait mode.

• If SPISWAI is set, SPI clock generation ceases and the SPI module enters a power
conservation state when the CPU is in wait mode.

• If SPISWAI is set and the SPI is configured for master, any transmission and
reception in progress stops at wait mode entry. The transmission and reception
resumes when the SPI exits wait mode.

• If SPISWAI is set and the SPI is configured as a slave, any transmission and
reception in progress continues if the SPSCK continues to be driven from the
master. This keeps the slave synchronized to the master and the SPSCK.

If the master transmits data while the slave is in wait mode, the slave continues
to send data consistent with the operation mode at the start of wait mode (that is,
if the slave is currently sending its SPIx_DH:SPIx_DL to the master, it continues
to send the same byte. Otherwise, if the slave is currently sending the last data
received byte from the master, it continues to send each previously received data
from the master byte).
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Note

Care must be taken when expecting data from a master while
the slave is in a wait mode or a stop mode where the peripheral
bus clock is stopped but internal logic states are retained. Even
though the shift register continues to operate, the rest of the SPI
is shut down (that is, an SPRF interrupt is not generated until an
exit from stop or wait mode). Also, the data from the shift
register is not copied into the SPIx_DH:SPIx_DL registers until
after the slave SPI has exited wait or stop mode. An SPRF flag
and SPIx_DH:SPIx_DL copy is only generated if wait mode is
entered or exited during a transmission. If the slave enters wait
mode in idle mode and exits wait mode in idle mode, neither an
SPRF nor a SPIx_DH:SPIx_DL copy occurs.

35.4.11.3 SPI in Stop Mode
Operation in a stop mode where the peripheral bus clock is stopped but internal logic
states are retained depends on the SPI system. The stop mode does not depend on the
SPISWAI bit. Upon entry to this type of stop mode, the SPI module clock is disabled
(held high or low).

• If the SPI is in master mode and exchanging data when the CPU enters the stop
mode, the transmission is frozen until the CPU exits stop mode. After the exit from
stop mode, data to and from the external SPI is exchanged correctly.

• In slave mode, the SPI remains synchronized with the master.

The SPI is completely disabled in a stop mode where the peripheral bus clock is stopped
and internal logic states are not retained. After an exit from this type of stop mode, all
registers are reset to their default values, and the SPI module must be re-initialized.

35.4.12 Reset
The reset values of registers and signals are described in the Memory Map and Register
Descriptions content, which details the registers and their bitfields.

• If a data transmission occurs in slave mode after a reset without a write to
SPIx_DH:SPIx_DL, the transmission consists of "garbage" or the data last received
from the master before the reset.

• Reading from SPIx_DH:SPIx_DL after reset always returns zeros.
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35.4.13 Interrupts
The SPI originates interrupt requests only when the SPI is enabled (the SPE bit in the
SPIx_C1 register is set). The following is a description of how the SPI makes a request
and how the MCU should acknowledge that request. The interrupt vector offset and
interrupt priority are chip dependent.

Four flag bits, three interrupt mask bits, and one interrupt vector are associated with the
SPI system. The SPI interrupt enable mask (SPIE) enables interrupts from the SPI
receiver full flag (SPRF) and mode fault flag (MODF). The SPI transmit interrupt enable
mask (SPTIE) enables interrupts from the SPI transmit buffer empty flag (SPTEF). The
SPI match interrupt enable mask bit (SPIMIE) enables interrupts from the SPI match flag
(SPMF). When one of the flag bits is set, and the associated interrupt mask bit is set, a
hardware interrupt request is sent to the CPU. If the interrupt mask bits are cleared,
software can poll the associated flag bits instead of using interrupts. The SPI interrupt
service routine (ISR) should check the flag bits to determine which event caused the
interrupt. The service routine should also clear the flag bit(s) before returning from the
ISR (usually near the beginning of the ISR).

35.4.13.1 MODF

MODF occurs when the master detects an error on the SS pin. The master SPI must be
configured for the MODF feature (see the description of the C1[SSOE] bit). Once MODF
is set, the current transfer is aborted and the master (MSTR) bit in the SPIx_C1 register
resets to 0.

The MODF interrupt is reflected in the status register's MODF flag. Clearing the flag also
clears the interrupt. This interrupt stays active while the MODF flag is set. MODF has an
automatic clearing process that is described in the SPI Status Register.

35.4.13.2 SPRF

SPRF occurs when new data has been received and copied to the SPI receive data buffer.
In 8-bit mode, SPRF is set only after all 8 bits have been shifted out of the shift register
and into SPIx_DL. In 16-bit mode, SPRF is set only after all 16 bits have been shifted out
of the shift register and into SPIx_DH:SPIx_DL.
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MCF51JG256 Reference Manual, Rev. 1, 01/2013

764 Freescale Semiconductor, Inc.



After SPRF is set, it does not clear until it is serviced. SPRF has an automatic clearing
process that is described in the SPI Status Register details. If the SPRF is not serviced
before the end of the next transfer (that is, SPRF remains active throughout another
transfer), the subsequent transfers are ignored and no new data is copied into the Data
register.

35.4.13.3 SPTEF

SPTEF occurs when the SPI transmit buffer is ready to accept new data. In 8-bit mode,
SPTEF is set only after all 8 bits have been moved from SPIx_DL into the shifter. In 16-
bit mode, SPTEF is set only after all 16 bits have been moved from SPIx_DH:SPIx_DL
into the shifter.

After SPTEF is set, it does not clear until it is serviced. SPTEF has an automatic clearing
process that is described in the SPI Status Register details.

35.4.13.4 SPMF

SPMF occurs when the data in the receive data buffer is equal to the data in the SPI
match register. In 8-bit mode, SPMF is set only after bits 7–0 in the receive data buffer
are determined to be equivalent to the value in SPIx_ML. In 16-bit mode, SPMF is set
after bits 15–0 in the receive data buffer are determined to be equivalent to the value in
SPIx_MH:SPIx_ML.

35.4.13.5 TNEAREF

The TNEAREF bit applies when the FIFO feature is supported.

The TNEAREF flag is set when only one 16-bit word or two 8-bit bytes of data remain in
the transmit FIFO provided C3[5] = 0 or when only two 16-bit words or four 8-bit bytes
of data remain in the transmit FIFO provided C3[5] =1. If FIFOMODE is not enabled,
ignore this bit.

Clearing this interrupt depends on the state of C3[3] and the status of TNEAREF. Refer
to the description of the SPI status (S) register.

35.4.13.6 RNFULLF

The RNFULLF bit applies when the FIFO feature is supported.
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Chapter 36
Universal Serial Bus (USB) Controller

36.1 Introduction
This section describes the USB. The OTG implementation in this module provides
limited host functionality and device solutions for implementing a USB 2.0 full-speed/
low-speed compliant peripheral. The OTG implementation supports the On-The-Go
(OTG) addendum to the USB 2.0 Specification. Only one protocol can be active at any
time. A negotiation protocol must be used to switch to a USB host functionality from a
USB device. This is known as the Master Negotiation Protocol (MNP).

36.1.1 USB
The USB is a cable bus that supports data exchange between a host computer and a wide
range of simultaneously accessible peripherals. The attached peripherals share USB
bandwidth through a host-scheduled, token-based protocol. The bus allows peripherals to
be attached, configured, used, and detached while the host and other peripherals are in
operation.

USB software provides a uniform view of the system for all application software, hiding
implementation details making application software more portable. It manages the
dynamic attach and detach of peripherals.

There is only one host in any USB system. The USB interface to the host computer
system is referred to as the Host Controller.

There may be multiple USB devices in any system such as joysticks, speakers, printers,
etc. USB devices present a standard USB interface in terms of comprehension, response,
and standard capability.
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Table 36-5. USB responses to DMA overrun errors (continued)

Errors due to Memory Latency Errors due to Oversized Packets

• For host mode, the TOKDNE interrupt is generated and
the TOK_PID field of the BDT is 1111 to indicate the
DMA latency error. Host mode software can decide to
retry or move to next scheduled item.

• In device mode, the BDT is not written back nor is the
TOKDNE interrupt triggered because it is assumed that
a second attempt is queued and will succeed in the
future.

The packet length field written back to the BDT is the
MaxPacket value that represents the length of the clipped
data actually written to memory.

From here, the software can decide an appropriate course of action for future transactions such as stalling the endpoint,
canceling the transfer, disabling the endpoint, etc.

36.4 Memory map/Register definitions
This section provides the memory map and detailed descriptions of all USB interface
registers.

USB memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_8400 Peripheral ID register (USB0_PERID) 8 R 04h 36.4.1/783

FFFF_8404 Peripheral ID Complement register (USB0_IDCOMP) 8 R FBh 36.4.2/784

FFFF_8408 Peripheral Revision register (USB0_REV) 8 R 33h 36.4.3/784

FFFF_840C Peripheral Additional Info register (USB0_ADDINFO) 8 R 01h 36.4.4/785

FFFF_8410 OTG Interrupt Status register (USB0_OTGISTAT) 8 R/W 00h 36.4.5/785

FFFF_8414 OTG Interrupt Control Register (USB0_OTGICR) 8 R/W 00h 36.4.6/786

FFFF_8418 OTG Status register (USB0_OTGSTAT) 8 R/W 00h 36.4.7/787

FFFF_841C OTG Control register (USB0_OTGCTL) 8 R/W 00h 36.4.8/788

FFFF_8480 Interrupt Status register (USB0_ISTAT) 8 R/W 00h 36.4.9/789

FFFF_8484 Interrupt Enable register (USB0_INTEN) 8 R/W 00h 36.4.10/
790

FFFF_8488 Error Interrupt Status register (USB0_ERRSTAT) 8 R/W 00h 36.4.11/
791

FFFF_848C Error Interrupt Enable register (USB0_ERREN) 8 R/W 00h 36.4.12/
792

FFFF_8490 Status register (USB0_STAT) 8 R 00h 36.4.13/
793

FFFF_8494 Control register (USB0_CTL) 8 R/W 00h 36.4.14/
794

FFFF_8498 Address register (USB0_ADDR) 8 R/W 00h 36.4.15/
795

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

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_84FC Endpoint Control register (USB0_ENDPT15) 8 R/W 00h 36.4.23/
799

FFFF_8500 USB Control register (USB0_USBCTRL) 8 R/W C0h 36.4.24/
800

FFFF_8504 USB OTG Observe register (USB0_OBSERVE) 8 R 50h 36.4.25/
801

FFFF_8508 USB OTG Control register (USB0_CONTROL) 8 R/W 00h 36.4.26/
802

FFFF_850C USB Transceiver Control Register 0 (USB0_USBTRC0) 8 R/W 00h 36.4.27/
802

FFFF_8514 Frame Adjust Register (USB0_USBFRMADJUST) 8 R/W 00h 36.4.28/
803

36.4.1 Peripheral ID register (USBx_PERID)

Reads back the value of 0x04. This value is defined for the USB peripheral.

Address: FFFF_8400h base + 0h offset = FFFF_8400h

Bit 7 6 5 4 3 2 1 0

Read 0 ID

Write

Reset 0 0 0 0 0 1 0 0

USBx_PERID field descriptions

Field Description

7–6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5–0
ID

Peripheral Identification

This field always reads 0x4h.
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36.4.2 Peripheral ID Complement register (USBx_IDCOMP)

Reads back the complement of the Peripheral ID register. For the USB peripheral, the
value is 0xFB.

Address: FFFF_8400h base + 4h offset = FFFF_8404h

Bit 7 6 5 4 3 2 1 0

Read 1 NID

Write

Reset 1 1 1 1 1 0 1 1

USBx_IDCOMP field descriptions

Field Description

7–6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 1.

5–0
NID

Ones complement of peripheral identification bits.

36.4.3 Peripheral Revision register (USBx_REV)

Contains the revision number of the USB module.

Address: FFFF_8400h base + 8h offset = FFFF_8408h

Bit 7 6 5 4 3 2 1 0

Read REV

Write

Reset 0 0 1 1 0 0 1 1

USBx_REV field descriptions

Field Description

7–0
REV

Revision

Indicate the revision number of the USB Core.

Memory map/Register definitions
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36.4.4 Peripheral Additional Info register (USBx_ADDINFO)

Reads back the value of the fixed Interrupt Request Level (IRQNUM) along with the
Host Enable bit.

Address: FFFF_8400h base + Ch offset = FFFF_840Ch

Bit 7 6 5 4 3 2 1 0

Read IRQNUM 0 IEHOST

Write

Reset 0 0 0 0 0 0 0 1

USBx_ADDINFO field descriptions

Field Description

7–3
IRQNUM

Assigned Interrupt Request Number

2–1
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

0
IEHOST

When this bit is set, the USB peripheral is operating in host mode.

36.4.5 OTG Interrupt Status register (USBx_OTGISTAT)

Records changes of the ID sense and VBUS signals. Software can read this register to
determine the event that triggers interrupt. Only bits that have changed since the last
software read are set. Writing a one to a bit clears the associated interrupt.

Address: FFFF_8400h base + 10h offset = FFFF_8410h

Bit 7 6 5 4 3 2 1 0

Read
IDCHG ONEMSEC

LINE_
STATE_

CHG

0 SESSVLDC
HG

B_SESS_
CHG

0
AVBUSCHG

Write

Reset 0 0 0 0 0 0 0 0

USBx_OTGISTAT field descriptions

Field Description

7
IDCHG

This bit is set when a change in the ID Signal from the USB connector is sensed.

6
ONEMSEC

This bit is set when the 1 millisecond timer expires. This bit stays asserted until cleared by software. The
interrupt must be serviced every millisecond to avoid losing 1msec counts.

5
LINE_STATE_

CHG

This bit is set when the USB line state changes. The interrupt associated with this bit can be used to
detect Reset, Resume, Connect, and Data Line Pulse signaling

Table continues on the next page...
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USBx_OTGISTAT field descriptions (continued)

Field Description

4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

3
SESSVLDCHG

This bit is set when a change in VBUS is detected indicating a session valid or a session no longer valid.

2
B_SESS_CHG

This bit is set when a change in VBUS is detected on a B device.

1
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

0
AVBUSCHG

This bit is set when a change in VBUS is detected on an A device.

36.4.6 OTG Interrupt Control Register (USBx_OTGICR)

Enables the corresponding interrupt status bits defined in the OTG Interrupt Status
Register.

Address: FFFF_8400h base + 14h offset = FFFF_8414h

Bit 7 6 5 4 3 2 1 0

Read IDEN ONEMSEC
EN

LINESTATE
EN

0 SESSVLDE
N BSESSEN 0 AVBUSEN

Write
Reset 0 0 0 0 0 0 0 0

USBx_OTGICR field descriptions

Field Description

7
IDEN

ID Interrupt Enable

0 The ID interrupt is disabled
1 The ID interrupt is enabled

6
ONEMSECEN

One Millisecond Interrupt Enable

0 Diables the 1ms timer interrupt.
1 Enables the 1ms timer interrupt.

5
LINESTATEEN

Line State Change Interrupt Enable

0 Disables the LINE_STAT_CHG interrupt.
1 Enables the LINE_STAT_CHG interrupt.

4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

3
SESSVLDEN

Session Valid Interrupt Enable

0 Disables the SESSVLDCHG interrupt.
1 Enables the SESSVLDCHG interrupt.

2
BSESSEN

B Session END Interrupt Enable

Table continues on the next page...
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USBx_OTGICR field descriptions (continued)

Field Description
0 Disables the B_SESS_CHG interrupt.
1 Enables the B_SESS_CHG interrupt.

1
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

0
AVBUSEN

A VBUS Valid Interrupt Enable

0 Disables the AVBUSCHG interrupt.
1 Enables the AVBUSCHG interrupt.

36.4.7 OTG Status register (USBx_OTGSTAT)

Displays the actual value from the external comparator outputs of the ID pin and VBUS.

Address: FFFF_8400h base + 18h offset = FFFF_8418h

Bit 7 6 5 4

Read ID ONEMSECEN LINESTATESTABLE 0
Write
Reset 0 0 0 0

Bit 3 2 1 0

Read SESS_VLD BSESSEND 0 AVBUSVLD
Write
Reset 0 0 0 0

USBx_OTGSTAT field descriptions

Field Description

7
ID

Indicates the current state of the ID pin on the USB connector

0 Indicates a Type A cable is plugged into the USB connector.
1 Indicates no cable is attached or a Type B cable is plugged into the USB connector.

6
ONEMSECEN

This bit is reserved for the 1ms count, but it is not useful to software.

5
LINESTATESTABLE

Indicates that the internal signals that control the LINE_STATE_CHG field of OTGISTAT are stable for
at least 1 millisecond. First read LINE_STATE_CHG field and then read this field. If this field reads as
1, then the value of LINE_STATE_CHG can be considered stable.

0 The LINE_STAT_CHG bit is not yet stable.
1 The LINE_STAT_CHG bit has been debounced and is stable.

4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

3
SESS_VLD

Session Valid

0 The VBUS voltage is below the B session valid threshold
1 The VBUS voltage is above the B session valid threshold.

Table continues on the next page...
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USBx_OTGSTAT field descriptions (continued)

Field Description

2
BSESSEND

B Session End

0 The VBUS voltage is above the B session end threshold.
1 The VBUS voltage is below the B session end threshold.

1
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

0
AVBUSVLD

A VBUS Valid

0 The VBUS voltage is below the A VBUS Valid threshold.
1 The VBUS voltage is above the A VBUS Valid threshold.

36.4.8 OTG Control register (USBx_OTGCTL)

Controls the operation of VBUS and Data Line termination resistors.

Address: FFFF_8400h base + 1Ch offset = FFFF_841Ch

Bit 7 6 5 4 3 2 1 0

Read DPHIGH 0 DPLOW DMLOW 0 OTGEN 0
Write
Reset 0 0 0 0 0 0 0 0

USBx_OTGCTL field descriptions

Field Description

7
DPHIGH

D+ Data Line pullup resistor enable

0 D+ pullup resistor is not enabled
1 D+ pullup resistor is enabled

6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5
DPLOW

D+ Data Line pull-down resistor enable

This bit should always be enabled together with bit 4 (DMLOW)

0 D+ pulldown resistor is not enabled.
1 D+ pulldown resistor is enabled.

4
DMLOW

D– Data Line pull-down resistor enable

0 D- pulldown resistor is not enabled.
1 D- pulldown resistor is enabled.

3
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

2
OTGEN

On-The-Go pullup/pulldown resistor enable

Table continues on the next page...

Memory map/Register definitions

MCF51JG256 Reference Manual, Rev. 1, 01/2013

788 Freescale Semiconductor, Inc.



USBx_OTGCTL field descriptions (continued)

Field Description
0 If USB_EN is 1 and HOST_MODE is 0 in the Control Register (CTL), then the D+ Data Line pull-up

resistors are enabled. If HOST_MODE is 1 the D+ and D– Data Line pull-down resistors are engaged.
1 The pull-up and pull-down controls in this register are used.

1–0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

36.4.9 Interrupt Status register (USBx_ISTAT)

Contains fields for each of the interrupt sources within the USB Module. Each of these
fields are qualified with their respective interrupt enable bits. All fields of this register are
logically OR'd together along with the OTG Interrupt Status Register (OTGSTAT) to
form a single interrupt source for the processor's interrupt controller. After an interrupt
bit has been set it may only be cleared by writing a one to the respective interrupt bit.
This register contains the value of 0x00 after a reset.

Address: FFFF_8400h base + 80h offset = FFFF_8480h

Bit 7 6 5 4 3 2 1 0

Read STALL ATTACH RESUME SLEEP TOKDNE SOFTOK ERROR USBRST

Write w1c w1c w1c w1c w1c w1c w1c w1c

Reset 0 0 0 0 0 0 0 0

USBx_ISTAT field descriptions

Field Description

7
STALL

Stall Interrupt

In Target mode this bit is asserted when a STALL handshake is sent by the SIE.

In Host mode this bit is set when the USB Module detects a STALL acknowledge during the handshake
phase of a USB transaction.This interrupt can be used to determine whether the last USB transaction was
completed successfully or stalled.

6
ATTACH

Attach Interrupt

This bit is set when the USB Module detects an attach of a USB device. This signal is only valid if
HOSTMODEEN is true. This interrupt signifies that a peripheral is now present and must be configured.

5
RESUME

This bit is set depending upon the DP/DM signals, and can be used to signal remote wake-up signaling on
the USB bus. When not in suspend mode this interrupt must be disabled.

4
SLEEP

This bit is set when the USB Module detects a constant idle on the USB bus for 3 ms. The sleep timer is
reset by activity on the USB bus.

3
TOKDNE

This bit is set when the current token being processed has completed. The processor must immediately
read the STATUS (STAT) register to determine the EndPoint and BD used for this token. Clearing this bit
(by writing a one) causes STAT to be cleared or the STAT holding register to be loaded into the STAT
register.

2
SOFTOK

This bit is set when the USB Module receives a Start Of Frame (SOF) token.

Table continues on the next page...
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USBx_ISTAT field descriptions (continued)

Field Description
In Host mode this field is set when the SOF threshold is reached, so that software can prepare for the next
SOF.

1
ERROR

This bit is set when any of the error conditions within Error Interrupt Status (ERRSTAT) register occur. The
processor must then read the ERRSTAT register to determine the source of the error.

0
USBRST

This bit is set when the USB Module has decoded a valid USB reset. This informs the processor that it
should write 0x00 into the address register and enable endpoint 0. USBRST is set after a USB reset has
been detected for 2.5 microseconds. It is not asserted again until the USB reset condition has been
removed and then reasserted.

36.4.10 Interrupt Enable register (USBx_INTEN)

Contains enable fields for each of the interrupt sources within the USB Module. Setting
any of these bits enables the respective interrupt source in the ISTAT register. This
register contains the value of 0x00 after a reset.

Address: FFFF_8400h base + 84h offset = FFFF_8484h

Bit 7 6 5 4 3 2 1 0
Read STALLEN ATTACHEN RESUMEEN SLEEPEN TOKDNEEN SOFTOKEN ERROREN USBRSTENWrite
Reset 0 0 0 0 0 0 0 0

USBx_INTEN field descriptions

Field Description

7
STALLEN

STALL Interrupt Enable

0 Diasbles the STALL interrupt.
1 Enables the STALL interrupt.

6
ATTACHEN

ATTACH Interrupt Enable

0 Disables the ATTACH interrupt.
1 Enables the ATTACH interrupt.

5
RESUMEEN

RESUME Interrupt Enable

0 Disables the RESUME interrupt.
1 Enables the RESUME interrupt.

4
SLEEPEN

SLEEP Interrupt Enable

0 Disables the SLEEP interrupt.
1 Enables the SLEEP interrupt.

3
TOKDNEEN

TOKDNE Interrupt Enable

0 Disables the TOKDNE interrupt.
1 Enables the TOKDNE interrupt.

2
SOFTOKEN

SOFTOK Interrupt Enable

Table continues on the next page...
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USBx_INTEN field descriptions (continued)

Field Description
0 Disbles the SOFTOK interrupt.
1 Enables the SOFTOK interrupt.

1
ERROREN

ERROR Interrupt Enable

0 Disables the ERROR interrupt.
1 Enables the ERROR interrupt.

0
USBRSTEN

USBRST Interrupt Enable

0 Disables the USBRST interrupt.
1 Enables the USBRST interrupt.

36.4.11 Error Interrupt Status register (USBx_ERRSTAT)

Contains enable bits for each of the error sources within the USB Module. Each of these
bits are qualified with their respective error enable bits. All bits of this register are
logically OR'd together and the result placed in the ERROR bit of the ISTAT register.
After an interrupt bit has been set it may only be cleared by writing a one to the
respective interrupt bit. Each bit is set as soon as the error conditions is detected.
Therefore, the interrupt does not typically correspond with the end of a token being
processed. This register contains the value of 0x00 after a reset.

Address: FFFF_8400h base + 88h offset = FFFF_8488h

Bit 7 6 5 4 3 2 1 0

Read BTSERR 0 DMAERR BTOERR DFN8 CRC16 CRC5EOF PIDERR

Write w1c w1c w1c w1c w1c w1c w1c

Reset 0 0 0 0 0 0 0 0

USBx_ERRSTAT field descriptions

Field Description

7
BTSERR

This bit is set when a bit stuff error is detected. If set, the corresponding packet is rejected due to the error.

6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5
DMAERR

This bit is set if the USB Module has requested a DMA access to read a new BDT but has not been given
the bus before it needs to receive or transmit data. If processing a TX transfer this would cause a transmit
data underflow condition. If processing a RX transfer this would cause a receive data overflow condition.
This interrupt is useful when developing device arbitration hardware for the microprocessor and the USB
module to minimize bus request and bus grant latency. This bit is also set if a data packet to or from the
host is larger than the buffer size allocated in the BDT. In this case the data packet is truncated as it is put
in buffer memory.

4
BTOERR

This bit is set when a bus turnaround timeout error occurs. The USB module contains a bus turnaround
timer that keeps track of the amount of time elapsed between the token and data phases of a SETUP or

Table continues on the next page...
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USBx_ERRSTAT field descriptions (continued)

Field Description
OUT TOKEN or the data and handshake phases of a IN TOKEN. If more than 16 bit times are counted
from the previous EOP before a transition from IDLE, a bus turnaround timeout error occurs.

3
DFN8

This bit is set if the data field received was not 8 bits in length. USB Specification 1.0 requires that data
fields be an integral number of bytes. If the data field was not an integral number of bytes, this bit is set.

2
CRC16

This bit is set when a data packet is rejected due to a CRC16 error.

1
CRC5EOF

This error interrupt has two functions. When the USB Module is operating in peripheral mode
(HOSTMODEEN=0), this interrupt detects CRC5 errors in the token packets generated by the host. If set
the token packet was rejected due to a CRC5 error.

When the USB Module is operating in host mode (HOSTMODEEN=1), this interrupt detects End Of Frame
(EOF) error conditions. This occurs when the USB Module is transmitting or receiving data and the SOF
counter reaches zero. This interrupt is useful when developing USB packet scheduling software to ensure
that no USB transactions cross the start of the next frame.

0
PIDERR

This bit is set when the PID check field fails.

36.4.12 Error Interrupt Enable register (USBx_ERREN)

Contains enable bits for each of the error interrupt sources within the USB module.
Setting any of these bits enables the respective interrupt source in ERRSTAT. Each bit is
set as soon as the error conditions is detected. Therefore, the interrupt does not typically
correspond with the end of a token being processed. This register contains the value of
0x00 after a reset.

Address: FFFF_8400h base + 8Ch offset = FFFF_848Ch

Bit 7 6 5 4 3 2 1 0

Read BTSERREN 0 DMAERREN BTOERREN DFN8EN CRC16EN CRC5EOFE
N PIDERREN

Write
Reset 0 0 0 0 0 0 0 0

USBx_ERREN field descriptions

Field Description

7
BTSERREN

BTSERR Interrupt Enable

0 Disables the BTSERR interrupt.
1 Enables the BTSERR interrupt.

6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5
DMAERREN

DMAERR Interrupt Enable

0 Disables the DMAERR interrupt.
1 Enables the DMAERR interrupt.

Table continues on the next page...
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USBx_ERREN field descriptions (continued)

Field Description

4
BTOERREN

BTOERR Interrupt Enable

0 Disables the BTOERR interrupt.
1 Enables the BTOERR interrupt.

3
DFN8EN

DFN8 Interrupt Enable

0 Disables the DFN8 interrupt.
1 Enables the DFN8 interrupt.

2
CRC16EN

CRC16 Interrupt Enable

0 Disables the CRC16 interrupt.
1 Enables the CRC16 interrupt.

1
CRC5EOFEN

CRC5/EOF Interrupt Enable

0 Disables the CRC5/EOF interrupt.
1 Enables the CRC5/EOF interrupt.

0
PIDERREN

PIDERR Interrupt Enable

0 Disables the PIDERR interrupt.
1 Enters the PIDERR interrupt.

36.4.13 Status register (USBx_STAT)

Reports the transaction status within the USB module. When the processor's interrupt
controller has received a TOKDNE, interrupt the Status Register must be read to
determine the status of the previous endpoint communication. The data in the status
register is valid when TOKDNE interrupt is asserted. The Status register is actually a
read window into a status FIFO maintained by the USB module. When the USB module
uses a BD, it updates the Status register. If another USB transaction is performed before
the TOKDNE interrupt is serviced, the USB module stores the status of the next
transaction in the STAT FIFO. Thus STAT is actually a four byte FIFO that allows the
processor core to process one transaction while the SIE is processing the next transaction.
Clearing the TOKDNE bit in the ISTAT register causes the SIE to update STAT with the
contents of the next STAT value. If the data in the STAT holding register is valid, the
SIE immediately reasserts to TOKDNE interrupt.

Address: FFFF_8400h base + 90h offset = FFFF_8490h

Bit 7 6 5 4 3 2 1 0

Read ENDP TX ODD 0

Write

Reset 0 0 0 0 0 0 0 0
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USBx_STAT field descriptions

Field Description

7–4
ENDP

This four-bit field encodes the endpoint address that received or transmitted the previous token. This
allows the processor core to determine the BDT entry that was updated by the last USB transaction.

3
TX

Transmit Indicator

0 The most recent transaction was a receive operation.
1 The most recent transaction was a transmit operation.

2
ODD

This bit is set if the last buffer descriptor updated was in the odd bank of the BDT.

1–0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

36.4.14 Control register (USBx_CTL)

Provides various control and configuration information for the USB module.

Address: FFFF_8400h base + 94h offset = FFFF_8494h

Bit 7 6 5 4
Read

JSTATE SE0 TXSUSPENDTOKENB
USY RESETWrite

Reset 0 0 0 0

Bit 3 2 1 0
Read HOSTMODEEN RESUME ODDRST USBENSOFENWrite
Reset 0 0 0 0

USBx_CTL field descriptions

Field Description

7
JSTATE

Live USB differential receiver JSTATE signal

The polarity of this signal is affected by the current state of LSEN .

6
SE0

Live USB Single Ended Zero signal

5
TXSUSPENDTOKENBUSY

In Host mode, TOKEN_BUSY is set when the USB module is busy executing a USB token.
Software must not write more token commands to the Token Register when TOKEN_BUSY is
set.. Software should check this field before writing any tokens to the Token Register to ensure
that token commands are not lost.

In Target mode, TXD_SUSPEND is set when the SIE has disabled packet transmission and
reception. Clearing this bit allows the SIE to continue token processing. This bit is set by the
SIE when a SETUP Token is received allowing software to dequeue any pending packet
transactions in the BDT before resuming token processing.

4
RESET

Setting this bit enables the USB Module to generate USB reset signaling. This allows the USB
Module to reset USB peripherals. This control signal is only valid in Host mode
(HOSTMODEEN=1). Software must set RESET to 1 for the required amount of time and then
clear it to 0 to end reset signaling. For more information on reset signaling see Section 7.1.4.3
of the USB specification version 1.0.

Table continues on the next page...
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USBx_CTL field descriptions (continued)

Field Description

3
HOSTMODEEN

When set to 1, this bit enables the USB Module to operate in Host mode. In host mode, the
USB module performs USB transactions under the programmed control of the host processor.

2
RESUME

When set to 1 this bit enables the USB Module to execute resume signaling. This allows the
USB Module to perform remote wake-up. Software must set RESUME to 1 for the required
amount of time and then clear it to 0. If the HOSTMODEEN bit is set, the USB module appends
a Low Speed End of Packet to the Resume signaling when the RESUME bit is cleared. For
more information on RESUME signaling see Section 7.1.4.5 of the USB specification version
1.0.

1
ODDRST

Setting this bit to 1 resets all the BDT ODD ping/pong fields to 0, which then specifies the
EVEN BDT bank.

0
USBENSOFEN

USB Enable

Setting this bit causes the SIE to reset all of its ODD bits to the BDTs. Therefore, setting this bit
resets much of the logic in the SIE. When host mode is enabled, clearing this bit causes the
SIE to stop sending SOF tokens.

0 Disables the USB Module.
1 Enables the USB Module.

36.4.15 Address register (USBx_ADDR)

Holds the unique USB address that the USB module decodes when in Peripheral mode
(HOSTMODEEN=0). When operating in Host mode (HOSTMODEEN=1) the USB
module transmits this address with a TOKEN packet. This enables the USB module to
uniquely address an USB peripheral. In either mode, USB_EN within the control register
must be 1. The Address register is reset to 0x00 after the reset input becomes active or the
USB module decodes a USB reset signal. This action initializes the Address register to
decode address 0x00 as required by the USB specification.

Address: FFFF_8400h base + 98h offset = FFFF_8498h

Bit 7 6 5 4 3 2 1 0
Read LSEN ADDRWrite
Reset 0 0 0 0 0 0 0 0

USBx_ADDR field descriptions

Field Description

7
LSEN

Low Speed Enable bit

Informs the USB module that the next token command written to the token register must be performed at
low speed. This enables the USB module to perform the necessary preamble required for low-speed data
transmissions.

6–0
ADDR

USB Address

Defines the USB address that the USB module decodes in peripheral mode, or transmits when in host
mode.
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36.4.16 BDT Page Register 1 (USBx_BDTPAGE1)

Provides address bits 15 through 9 of the base address where the current Buffer
Descriptor Table (BDT) resides in system memory. The 32-bit BDT Base Address is
always aligned on 512-byte boundaries, so bits 8 through 0 of the base address are always
zero.

Address: FFFF_8400h base + 9Ch offset = FFFF_849Ch

Bit 7 6 5 4 3 2 1 0

Read BDTBA 0
Write
Reset 0 0 0 0 0 0 0 0

USBx_BDTPAGE1 field descriptions

Field Description

7–1
BDTBA

Provides address bits 15 through 9 of the BDT base address.

0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

36.4.17 Frame Number Register Low (USBx_FRMNUML)

Contains an 11-bit value used to compute the address where the current Buffer Descriptor
Table (BDT) resides in system memory.

Address: FFFF_8400h base + A0h offset = FFFF_84A0h

Bit 7 6 5 4 3 2 1 0
Read FRM[7:0]Write
Reset 0 0 0 0 0 0 0 0

USBx_FRMNUML field descriptions

Field Description

7–0
FRM[7:0]

This 8-bit field and the 3-bit field in the Frame Number Register High are used to compute the address
where the current Buffer Descriptor Table (BDT) resides in system memory.
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36.4.18 Frame Number Register High (USBx_FRMNUMH)

Contains an 11-bit value used to compute the address where the current Buffer Descriptor
Table (BDT) resides in system memory.

Address: FFFF_8400h base + A4h offset = FFFF_84A4h

Bit 7 6 5 4 3 2 1 0

Read 0 FRM[10:8]
Write
Reset 0 0 0 0 0 0 0 0

USBx_FRMNUMH field descriptions

Field Description

7–3
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

2–0
FRM[10:8]

This 3-bit field and the 8-bit field in the Frame Number Register Low are used to compute the address
where the current Buffer Descriptor Table (BDT) resides in system memory.

36.4.19 Token register (USBx_TOKEN)

Used to initiate USB transactions when in host mode (HOSTMODEEN=1). When the
software needs to execute a USB transaction to a peripheral, it writes the TOKEN type
and endpoint to this register. After this register has been written, the USB module begins
the specified USB transaction to the address contained in the address register. The
processor core must always check that the TOKEN_BUSY bit in the control register is
not 1 before writing to the Token Register. This ensures that the token commands are not
overwritten before they can be executed. The address register and endpoint control
register 0 are also used when performing a token command and therefore must also be
written before the Token Register. The address register is used to select the USB
peripheral address transmitted by the token command. The endpoint control register
determines the handshake and retry policies used during the transfer.

Address: FFFF_8400h base + A8h offset = FFFF_84A8h

Bit 7 6 5 4 3 2 1 0
Read TOKENPID TOKENENDPTWrite
Reset 0 0 0 0 0 0 0 0

USBx_TOKEN field descriptions

Field Description

7–4
TOKENPID

Contains the token type executed by the USB module.

Table continues on the next page...
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USBx_TOKEN field descriptions (continued)

Field Description
0001 OUT Token. USB Module performs an OUT (TX) transaction.
1001 IN Token. USB Module performs an In (RX) transaction.
1101 SETUP Token. USB Module performs a SETUP (TX) transaction

3–0
TOKENENDPT

Holds the Endpoint address for the token command. The four bit value written must be a valid endpoint.

36.4.20 SOF Threshold Register (USBx_SOFTHLD)
The SOF Threshold Register is used only in Host mode (HOSTMODEEN=1). When in
Host mode, the 14-bit SOF counter counts the interval between SOF frames. The SOF
must be transmitted every 1ms so therefore the SOF counter is loaded with a value of
12000. When the SOF counter reaches zero, a Start Of Frame (SOF) token is transmitted.

The SOF threshold register is used to program the number of USB byte times before the
SOF to stop initiating token packet transactions. This register must be set to a value that
ensures that other packets are not actively being transmitted when the SOF time counts to
zero. When the SOF counter reaches the threshold value, no more tokens are transmitted
until after the SOF has been transmitted.

The value programmed into the threshold register must reserve enough time to ensure the
worst case transaction completes. In general the worst case transaction is an IN token
followed by a data packet from the target followed by the response from the host. The
actual time required is a function of the maximum packet size on the bus.

Typical values for the SOF threshold are:

• 64-byte packets=74;
• 32-byte packets=42;
• 16-byte packets=26;
• 8-byte packets=18.

Address: FFFF_8400h base + ACh offset = FFFF_84ACh

Bit 7 6 5 4 3 2 1 0
Read CNTWrite
Reset 0 0 0 0 0 0 0 0

USBx_SOFTHLD field descriptions

Field Description

7–0
CNT

Represents the SOF count threshold in byte times.
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36.4.21 BDT Page Register 2 (USBx_BDTPAGE2)

Contains an 8-bit value used to compute the address where the current Buffer Descriptor
Table (BDT) resides in system memory.

Address: FFFF_8400h base + B0h offset = FFFF_84B0h

Bit 7 6 5 4 3 2 1 0
Read BDTBAWrite
Reset 0 0 0 0 0 0 0 0

USBx_BDTPAGE2 field descriptions

Field Description

7–0
BDTBA

Provides address bits 23 through 16 of the BDT base address that defines the location of Buffer Descriptor
Table resides in system memory.

36.4.22 BDT Page Register 3 (USBx_BDTPAGE3)

Contains an 8-bit value used to compute the address where the current Buffer Descriptor
Table (BDT) resides in system memory.

Address: FFFF_8400h base + B4h offset = FFFF_84B4h

Bit 7 6 5 4 3 2 1 0
Read BDTBAWrite
Reset 0 0 0 0 0 0 0 0

USBx_BDTPAGE3 field descriptions

Field Description

7–0
BDTBA

Provides address bits 31 through 24 of the BDT base address that defines the location of Buffer Descriptor
Table resides in system memory.

36.4.23 Endpoint Control register (USBx_ENDPTn)
Contains the endpoint control bits for each of the 16 endpoints available within the USB
module for a decoded address. The format for these registers is shown in the following
figure. Endpoint 0 (ENDPT0) is associated with control pipe 0, which is required for all
USB functions. Therefore, after a USBRST interrupt occurs the processor core should set
ENDPT0 to contain 0x0D.
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In Host mode ENDPT0 is used to determine the handshake, retry and low speed
characteristics of the host transfer. For Control, Bulk and Interrupt transfers, the
EPHSHK bit should be 1. For Isochronous transfers it should be 0. Common values to
use for ENDPT0 in host mode are 0x4D for Control, Bulk, and Interrupt transfers, and
0x4C for Isochronous transfers.

Address: FFFF_8400h base + C0h offset + (4d × i), where i=0d to 15d

Bit 7 6 5 4 3 2 1 0

Read HOSTWOH
UB RETRYDIS 0 EPCTLDIS EPRXEN EPTXEN EPSTALL EPHSHK

Write
Reset 0 0 0 0 0 0 0 0

USBx_ENDPTn field descriptions

Field Description

7
HOSTWOHUB

This is a Host mode only field and is present in the control register for endpoint 0 (ENDPT0) only. When
set this bit allows the host to communicate to a directly connected low speed device. When cleared, the
host produces the PRE_PID. It then switches to low-speed signaling when sends a token to a low speed
device as required to communicate with a low speed device through a hub.

6
RETRYDIS

This is a Host mode only bit and is present in the control register for endpoint 0 (ENDPT0) only. When set
this bit causes the host to not retry NAK'ed (Negative Acknowledgement) transactions. When a transaction
is NAKed, the BDT PID field is updated with the NAK PID, and the TOKEN_DNE interrupt is set. When
this bit is cleared NAKed transactions is retried in hardware. This bit must be set when the host is
attempting to poll an interrupt endpoint.

5
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

4
EPCTLDIS

This bit, when set, disables control (SETUP) transfers. When cleared, control transfers are enabled. This
applies if and only if the EPRXEN and EPTXEN bits are also set.

3
EPRXEN

This bit, when set, enables the endpoint for RX transfers.

2
EPTXEN

This bit, when set, enables the endpoint for TX transfers.

1
EPSTALL

When set this bit indicates that the endpoint is called. This bit has priority over all other control bits in the
EndPoint Enable Register, but it is only valid if EPTXEN=1 or EPRXEN=1. Any access to this endpoint
causes the USB Module to return a STALL handshake. After an endpoint is stalled it requires intervention
from the Host Controller.

0
EPHSHK

When set this bit enables an endpoint to perform handshaking during a transaction to this endpoint. This
bit is generally 1 unless the endpoint is Isochronous.

36.4.24 USB Control register (USBx_USBCTRL)
Address: FFFF_8400h base + 100h offset = FFFF_8500h

Bit 7 6 5 4 3 2 1 0

Read SUSP PDE 0
Write
Reset 1 1 0 0 0 0 0 0
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36.4.26 USB OTG Control register (USBx_CONTROL)
Address: FFFF_8400h base + 108h offset = FFFF_8508h

Bit 7 6 5 4

Read 0 DPPULLUPNONOTG
Write
Reset 0 0 0 0

Bit 3 2 1 0

Read 0
Write
Reset 0 0 0 0

USBx_CONTROL field descriptions

Field Description

7–5
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

4
DPPULLUPNONOTG

Provides control of the DP Pullup in the USB OTG module, if USB is configured in non-OTG device
mode.

0 DP Pullup in non-OTG device mode is not enabled.
1 DP Pullup in non-OTG device mode is enabled.

3–0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

36.4.27 USB Transceiver Control Register 0 (USBx_USBTRC0)
Address: FFFF_8400h base + 10Ch offset = FFFF_850Ch

Bit 7 6 5 4

Read 0
USBRESMEN

0

Write USBRESET

Reset 0 0 0 0

Bit 3 2 1 0

Read 0 SYNC_DET USB_RESUME_INT

Write

Reset 0 0 0 0

USBx_USBTRC0 field descriptions

Field Description

7
USBRESET

USB Reset

Generates a hard reset to the USB_OTG module. After this bit is set and the reset occurs, this bit is
automatically cleared.

Table continues on the next page...
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USBx_USBTRC0 field descriptions (continued)

Field Description
NOTE: This bit is always read as zero. Wait two USB clock cycles after setting this bit.

0 Normal USB module operation.
1 Returns the USB module to its reset state.

6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5
USBRESMEN

Asynchronous Resume Interrupt Enable

This bit, when set, allows the USB module to send an asynchronous wakeup event to the MCU upon
detection of resume signaling on the USB bus. The MCU then re-enables clocks to the USB module. It is
used for low-power suspend mode when USB module clocks are stopped or the USB transceiver is in
Suspend mode. Async wakeup only works in device mode.

0 USB asynchronous wakeup from suspend mode disabled.
1 USB asynchronous wakeup from suspend mode enabled. The asynchronous resume interrupt differs

from the synchronous resume interrupt in that it asynchronously detects K-state using the unfiltered
state of the D+ and D– pins. This interupt should only be enabled when the Transceiver is suspended.

4–2
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

1
SYNC_DET

Synchronous USB Interrupt Detect

0 Synchronous interrupt has not been detected.
1 Synchronous interrupt has been detected.

0
USB_RESUME_

INT

USB Asynchronous Interrupt

0 No interrupt was generated.
1 Interrupt was generated because of the USB asynchronous interrupt.

36.4.28 Frame Adjust Register (USBx_USBFRMADJUST)
Address: FFFF_8400h base + 114h offset = FFFF_8514h

Bit 7 6 5 4 3 2 1 0
Read ADJWrite
Reset 0 0 0 0 0 0 0 0

USBx_USBFRMADJUST field descriptions

Field Description

7–0
ADJ

Frame Adjustment

In Host mode, the frame adjustment is a twos complement number that adjusts the period of each USB
frame in 12-MHz clock periods. A SOF is normally generated every 12,000 12-MHz clock cycles. The
Frame Adjust Register can adjust this by -128 to +127 to compensate for inaccuracies in the USB 48-MHz
clock. Changes to the ADJ bit take effect at the next start of the next frame.
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Chapter 37
USB Device Charger Detection Module (USBDCD)

37.1 Preface

37.1.1 References
The following publications are referenced in this document. For updates to these
specifications, see http://www.usb.org.

• USB Battery Charging Specification Revision 1.1, USB Implementers Forum

• Universal Serial Bus Specification Revision 2.0, USB Implementers Forum

37.1.2 Acronyms and abbreviations
The following table contains acronyms and abbreviations used in this document.

Table 37-1. Acronyms and abbreviated terms
Term Meaning

FS Full speed (12 Mbit/s)

HS High speed (480 Mbit/s)

IDEV_DCHG Current drawn when the USB device is connected to a dedicated charging port

IDEV_HCHG_LFS Current drawn when the USB device is connected to an FS charging host port

IDM_SINK Current sink for the D– line

IDP_SRC Current source for the D+ line

ISUSP Current drawn when the USB device is suspended

LDO Low dropout

LS Low Speed (1.5 Mbit/s)

N/A Not applicable

OTG On-The-Go

Table continues on the next page...
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Table 37-5. Signal descriptions

Signal Description I/O

usb_dm USB D– analog data signal. The analog block interfaces directly to the D–
signal on the USB bus.

I/O

usb_dp USB D+ analog data signal. The analog block interfaces directly to the D+
signal on the USB bus.

I/O

avdd331 3.3 V regulated analog supply I

avss Analog ground I

dvss Digital ground I

dvdd 1.2 V digital supply I

1. Voltage must be 3.3 V +/- 10% for full functionality of the module. That is, the charger detection function does not work
when this voltage is below 3.0 V, and the CONTROL[START] bit should not be set.

NOTE
The transceiver module also interfaces to the usb_dm and
usb_dp signals. Both modules and the USB host/hub use these
signals as bidirectional, tristate signals.

Information about the signal integrity aspects of the lines including shielding, isolated
return paths, input or output impedance, packaging, suggested external components,
ESD, and other protections can be found in the USB 2.0 specification and in Application
information.

37.4 Memory map/Register definition
This section describes the memory map and registers for the USBDCD module.

USBDCD memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_8600 Control register (USBDCD_CONTROL) 32 R/W 0001_0000h 37.4.1/816

FFFF_8604 Clock register (USBDCD_CLOCK) 32 R/W 0000_00C1h 37.4.2/817

FFFF_8608 Status register (USBDCD_STATUS) 32 R 0000_0000h 37.4.3/819

FFFF_8610 TIMER0 register (USBDCD_TIMER0) 32 R/W 0010_0000h 37.4.4/820

FFFF_8614 TIMER1 register (USBDCD_TIMER1) 32 R/W 000A_0028h 37.4.5/821

FFFF_8618 TIMER2 register (USBDCD_TIMER2) 32 R/W 0028_0001h 37.4.6/822
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37.4.1 Control register (USBDCD_CONTROL)

Contains the control and interrupt bit fields.

Address: FFFF_8600h base + 0h offset = FFFF_8600h

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

R 0 0 0 0

IE

W SR

S
TA

R
T

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

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

R

Reserved

IF 0 0

W

IA
C

K

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

USBDCD_CONTROL field descriptions

Field Description

31–26
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

25
SR

Software Reset

Determines whether a software reset is performed.

0 Do not perform a software reset.
1 Perform a software reset.

24
START

Start Change Detection Sequence

Determines whether the charger detection sequence is initiated.

0 Do not start the sequence. Writes of this value have no effect.
1 Initiate the charger detection sequence. If the sequence is already running, writes of this value have

no effect.

23–17
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

16
IE

Interrupt Enable

Enables/disables interrupts to the system.

Table continues on the next page...
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USBDCD_CONTROL field descriptions (continued)

Field Description
0 Disable interrupts to the system.
1 Enable interrupts to the system.

15–9
Reserved

This field is reserved.

8
IF

Interrupt Flag

Determines whether an interrupt is pending.

0 No interrupt is pending.
1 An interrupt is pending.

7–1
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

0
IACK

Interrupt Acknowledge

Determines whether the interrupt is cleared.

0 Do not clear the interrupt.
1 Clear the IF bit (interrupt flag).

37.4.2 Clock register (USBDCD_CLOCK)
Address: FFFF_8600h base + 4h offset = FFFF_8604h

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

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R 0

CLOCK_SPEED

0

C
LO

C
K

_U
N

IT

W

Reset 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1

USBDCD_CLOCK field descriptions

Field Description

31–12
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

11–2
CLOCK_SPEED

Numerical Value of Clock Speed in Binary

Table continues on the next page...
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37.4.3 Status register (USBDCD_STATUS)

Provides the current state of the module for system software monitoring.

Address: FFFF_8600h base + 8h offset = FFFF_8608h

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

R 0

A
C

TI
V

E

TO ERR SEQ_STAT SEQ_RES

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R

Reserved

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

USBDCD_STATUS field descriptions

Field Description

31–23
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

22
ACTIVE

Active Status Indicator

Indicates whether the sequence is running.

0 The sequence is not running.
1 The sequence is running.

21
TO

Timeout Flag

Indicates whether the detection sequence has passed the timeout threshhold.

Table continues on the next page...
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Address: FFFF_8600h base + 10h offset = FFFF_8610h

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

R 0
TSEQ_INIT

0 TUNITCON

W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

USBDCD_TIMER0 field descriptions

Field Description

31–26
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

25–16
TSEQ_INIT

Sequence Initiation Time

TSEQ_INIT represents the system latency (in ms) measured from the time VBUS goes active to the time
system software initiates the charger detection sequence in the USBDCD module. When software sets the
CONTROL[START] bit, the Unit Connection Timer (TUNITCON) is initialized with the value of TSEQ_INIT.
Valid values are 0-1023, but the USB Battery Charging Specification requires the entire sequence,
including TSEQ_INIT, to be completed in 1s or less.

15–12
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

11–0
TUNITCON

Unit Connection Timer Elapse (in ms)

Displays the amount of elapsed time since the event of setting the START bit plus the value of
TSEQ_INIT. The timer is automatically initialized with the value of TSEQ_INIT

This timer enables compliance with the maximum time allowed to connect T UNIT_CON under the USB
Battery Charging Specification, v1.1.If the timer reaches the one second limit, the module triggers an
interrupt and sets the error flag STATUS[ERR].

The timer continues counting throughout the charger detection sequence, even when control has been
passed to software. As long as the module is active, the timer continues to count until it reaches the
maximum value of 0xFFF (4095 ms). The timer does not rollover to zero. A software reset clears the timer.

37.4.5 TIMER1 register (USBDCD_TIMER1)

TIMER1 contains timing parameters. Note that register values can be written that are not
compliant with the USB Battery Charging Specification v1.1, so care should be taken
when overwriting the default values.

Address: FFFF_8600h base + 14h offset = FFFF_8614h

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

R 0 TDCD_DBNC 0 TVDPSRC_ON
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0

USBDCD_TIMER1 field descriptions

Field Description

31–26
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

Table continues on the next page...
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Chapter 38
Inter-Integrated Circuit (I2C)

38.1 Introduction
The inter-integrated circuit (I2C, I2C, or IIC) module provides a method of
communication between a number of devices. The interface is designed to operate up to
100 kbit/s with maximum bus loading and timing. The I2C device is capable of operating
at higher baud rates, up to a maximum of clock/20, with reduced bus loading. The
maximum communication length and the number of devices that can be connected are
limited by a maximum bus capacitance of 400 pF. The I2C module also complies with
the System Management Bus (SMBus) Specification, version 2.

38.1.1 Features
The I2C module has the following features:

• Compatible with The I2C-Bus Specification
• Multimaster operation
• Software programmable for one of 64 different serial clock frequencies
• Software-selectable acknowledge bit
• Interrupt-driven byte-by-byte data transfer
• Arbitration-lost interrupt with automatic mode switching from master to slave
• Calling address identification interrupt
• START and STOP signal generation and detection
• Repeated START signal generation and detection
• Acknowledge bit generation and detection
• Bus busy detection
• General call recognition
• 10-bit address extension
• Support for System Management Bus (SMBus) Specification, version 2
• Programmable glitch input filter
• Low power mode wakeup on slave address match
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CTRL_REG

DATA_MUXADDR_DECODE
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Shift 
Register

Address 
Compare

Figure 38-1. I2C Functional block diagram

38.2 I2C signal descriptions
The signal properties of I2C are shown in the following table.

Table 38-1. I2C signal descriptions

Signal Description I/O

SCL Bidirectional serial clock line of the I2C system. I/O

SDA Bidirectional serial data line of the I2C system. I/O

Memory map and register descriptions

This section describes in detail all I2C registers accessible to the end user.

38.3
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I2C memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_81C0 I2C Address Register 1 (I2C0_A1) 8 R/W 00h 38.3.1/842

FFFF_81C1 I2C Frequency Divider register (I2C0_F) 8 R/W 00h 38.3.2/843

FFFF_81C2 I2C Control Register 1 (I2C0_C1) 8 R/W 00h 38.3.3/844

FFFF_81C3 I2C Status register (I2C0_S) 8 R/W 80h 38.3.4/846

FFFF_81C4 I2C Data I/O register (I2C0_D) 8 R/W 00h 38.3.5/847

FFFF_81C5 I2C Control Register 2 (I2C0_C2) 8 R/W 00h 38.3.6/848

FFFF_81C6 I2C Programmable Input Glitch Filter register (I2C0_FLT) 8 R/W 00h 38.3.7/849

FFFF_81C7 I2C Range Address register (I2C0_RA) 8 R/W 00h 38.3.8/850

FFFF_81C8 I2C SMBus Control and Status register (I2C0_SMB) 8 R/W 00h 38.3.9/850

FFFF_81C9 I2C Address Register 2 (I2C0_A2) 8 R/W C2h 38.3.10/
852

FFFF_81CA I2C SCL Low Timeout Register High (I2C0_SLTH) 8 R/W 00h 38.3.11/
852

FFFF_81CB I2C SCL Low Timeout Register Low (I2C0_SLTL) 8 R/W 00h 38.3.12/
853

FFFF_81D0 I2C Address Register 1 (I2C1_A1) 8 R/W 00h 38.3.1/842

FFFF_81D1 I2C Frequency Divider register (I2C1_F) 8 R/W 00h 38.3.2/843

FFFF_81D2 I2C Control Register 1 (I2C1_C1) 8 R/W 00h 38.3.3/844

FFFF_81D3 I2C Status register (I2C1_S) 8 R/W 80h 38.3.4/846

FFFF_81D4 I2C Data I/O register (I2C1_D) 8 R/W 00h 38.3.5/847

FFFF_81D5 I2C Control Register 2 (I2C1_C2) 8 R/W 00h 38.3.6/848

FFFF_81D6 I2C Programmable Input Glitch Filter register (I2C1_FLT) 8 R/W 00h 38.3.7/849

FFFF_81D7 I2C Range Address register (I2C1_RA) 8 R/W 00h 38.3.8/850

FFFF_81D8 I2C SMBus Control and Status register (I2C1_SMB) 8 R/W 00h 38.3.9/850

FFFF_81D9 I2C Address Register 2 (I2C1_A2) 8 R/W C2h 38.3.10/
852

FFFF_81DA I2C SCL Low Timeout Register High (I2C1_SLTH) 8 R/W 00h 38.3.11/
852

FFFF_81DB I2C SCL Low Timeout Register Low (I2C1_SLTL) 8 R/W 00h 38.3.12/
853

38.3.1 I2C Address Register 1 (I2Cx_A1)

This register contains the slave address to be used by the I2C module.

Address: Base address + 0h offset

Bit 7 6 5 4 3 2 1 0

Read AD[7:1] 0
Write
Reset 0 0 0 0 0 0 0 0

Memory map and register descriptions
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I2Cx_A1 field descriptions

Field Description

7–1
AD[7:1]

Address

Contains the primary slave address used by the I2C module when it is addressed as a slave. This field is
used in the 7-bit address scheme and the lower seven bits in the 10-bit address scheme.

0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

38.3.2 I2C Frequency Divider register (I2Cx_F)
Address: Base address + 1h offset

Bit 7 6 5 4 3 2 1 0
Read MULT ICRWrite
Reset 0 0 0 0 0 0 0 0

I2Cx_F field descriptions

Field Description

7–6
MULT

The MULT bits define the multiplier factor mul. This factor is used along with the SCL divider to generate
the I2C baud rate.

00 mul = 1
01 mul = 2
10 mul = 4
11 Reserved

5–0
ICR

ClockRate

Prescales the bus clock for bit rate selection. This field and the MULT field determine the I2C baud rate,
the SDA hold time, the SCL start hold time, and the SCL stop hold time. For a list of values corresponding
to each ICR setting, see I2C divider and hold values.

The SCL divider multiplied by multiplier factor (mul) determines the I2C baud rate.

I2C baud rate = bus speed (Hz)/(mul × SCL divider)

The SDA hold time is the delay from the falling edge of SCL (I2C clock) to the changing of SDA (I2C data).

SDA hold time = bus period (s) × mul × SDA hold value

The SCL start hold time is the delay from the falling edge of SDA (I2C data) while SCL is high (start
condition) to the falling edge of SCL (I2C clock).

SCL start hold time = bus period (s) × mul × SCL start hold value

The SCL stop hold time is the delay from the rising edge of SCL (I2C clock) to the rising edge of SDA (I2C
data) while SCL is high (stop condition).

SCL stop hold time = bus period (s) × mul × SCL stop hold value

For example, if the bus speed is 8 MHz, the following table shows the possible hold time values with
different ICR and MULT selections to achieve an I2C baud rate of 100 kbit/s.

Table continues on the next page...
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I2Cx_F field descriptions (continued)

Field Description

MULT ICR
Hold times (μs)

SDA SCL Start SCL Stop

2h 00h 3.500 3.000 5.500

1h 07h 2.500 4.000 5.250

1h 0Bh 2.250 4.000 5.250

0h 14h 2.125 4.250 5.125

0h 18h 1.125 4.750 5.125

38.3.3 I2C Control Register 1 (I2Cx_C1)
Address: Base address + 2h offset

Bit 7 6 5 4 3 2 1 0

Read
IICEN IICIE MST TX TXAK

0
WUEN DMAEN

Write RSTA

Reset 0 0 0 0 0 0 0 0

I2Cx_C1 field descriptions

Field Description

7
IICEN

I2C Enable

Enables I2C module operation.

0 Disabled
1 Enabled

6
IICIE

I2C Interrupt Enable

Enables I2C interrupt requests.

0 Disabled
1 Enabled

5
MST

Master Mode Select

When the MST bit is changed from a 0 to a 1, a START signal is generated on the bus and master mode
is selected. When this bit changes from a 1 to a 0, a STOP signal is generated and the mode of operation
changes from master to slave.

0 Slave mode
1 Master mode

4
TX

Transmit Mode Select

Table continues on the next page...
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38.3.4 I2C Status register (I2Cx_S)
Address: Base address + 3h offset

Bit 7 6 5 4 3 2 1 0

Read TCF
IAAS

BUSY ARBL
RAM

SRW IICIF RXAK

Write w1c w1c

Reset 1 0 0 0 0 0 0 0

I2Cx_S field descriptions

Field Description

7
TCF

Transfer Complete Flag

This bit sets on the completion of a byte and acknowledge bit transfer. This bit is valid only during or
immediately following a transfer to or from the I2C module. The TCF bit is cleared by reading the I2C data
register in receive mode or by writing to the I2C data register in transmit mode.

0 Transfer in progress
1 Transfer complete

6
IAAS

Addressed As A Slave

This bit is set by one of the following conditions:
• The calling address matches the programmed slave primary address in the A1 register or range

address in the RA register (which must be set to a nonzero value).
• GCAEN is set and a general call is received.
• SIICAEN is set and the calling address matches the second programmed slave address.
• ALERTEN is set and an SMBus alert response address is received
• RMEN is set and an address is received that is within the range between the values of the A1 and

RA registers.

This bit sets before the ACK bit. The CPU must check the SRW bit and set TX/RX accordingly. Writing the
C1 register with any value clears this bit.

0 Not addressed
1 Addressed as a slave

5
BUSY

Bus Busy

Indicates the status of the bus regardless of slave or master mode. This bit is set when a START signal is
detected and cleared when a STOP signal is detected.

0 Bus is idle
1 Bus is busy

4
ARBL

Arbitration Lost

This bit is set by hardware when the arbitration procedure is lost. The ARBL bit must be cleared by
software, by writing a one to it.

0 Standard bus operation.
1 Loss of arbitration.

3
RAM

Range Address Match

This bit is set to 1 by any of the following conditions:

Table continues on the next page...
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I2Cx_S field descriptions (continued)

Field Description
• Any nonzero calling address is received that matches the address in the RA register.
• The RMEN bit is set and the calling address is within the range of values of the A1 and RA registers.

NOTE: For the RAM bit to be set to 1 correctly, C1[IICIE] must be set to 1.

Writing the C1 register with any value clears this bit to 0.

0 Not addressed
1 Addressed as a slave

2
SRW

Slave Read/Write

When addressed as a slave, SRW indicates the value of the R/W command bit of the calling address sent
to the master.

0 Slave receive, master writing to slave
1 Slave transmit, master reading from slave

1
IICIF

Interrupt Flag

This bit sets when an interrupt is pending. This bit must be cleared by software by writing a 1 to it, such as
in the interrupt routine. One of the following events can set this bit:

• One byte transfer, including ACK/NACK bit, completes if FACK is 0. An ACK or NACK is sent on the
bus by writing 0 or 1 to TXAK after this bit is set in receive mode.

• One byte transfer, excluding ACK/NACK bit, completes if FACK is 1.
• Match of slave address to calling address including primary slave address, range slave address,

alert response address, second slave address, or general call address.
• Arbitration lost
• In SMBus mode, any timeouts except SCL and SDA high timeouts

0 No interrupt pending
1 Interrupt pending

0
RXAK

Receive Acknowledge

0 Acknowledge signal was received after the completion of one byte of data transmission on the bus
1 No acknowledge signal detected

38.3.5 I2C Data I/O register (I2Cx_D)
Address: Base address + 4h offset

Bit 7 6 5 4 3 2 1 0
Read DATAWrite
Reset 0 0 0 0 0 0 0 0
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I2Cx_D field descriptions

Field Description

7–0
DATA

Data

In master transmit mode, when data is written to this register, a data transfer is initiated. The most
significant bit is sent first. In master receive mode, reading this register initiates receiving of the next byte
of data.

NOTE: When making the transition out of master receive mode, switch the I2C mode before reading the
Data register to prevent an inadvertent initiation of a master receive data transfer.

In slave mode, the same functions are available after an address match occurs.

The C1[TX] bit must correctly reflect the desired direction of transfer in master and slave modes for the
transmission to begin. For example, if the I2C module is configured for master transmit but a master
receive is desired, reading the Data register does not initiate the receive.

Reading the Data register returns the last byte received while the I2C module is configured in master
receive or slave receive mode. The Data register does not reflect every byte that is transmitted on the I2C
bus, and neither can software verify that a byte has been written to the Data register correctly by reading it
back.

In master transmit mode, the first byte of data written to the Data register following assertion of MST (start
bit) or assertion of RSTA (repeated start bit) is used for the address transfer and must consist of the
calling address (in bits 7-1) concatenated with the required R/W bit (in position bit 0).

38.3.6 I2C Control Register 2 (I2Cx_C2)
Address: Base address + 5h offset

Bit 7 6 5 4 3 2 1 0
Read GCAEN ADEXT HDRS SBRC RMEN AD[10:8]Write
Reset 0 0 0 0 0 0 0 0

I2Cx_C2 field descriptions

Field Description

7
GCAEN

General Call Address Enable

Enables general call address.

0 Disabled
1 Enabled

6
ADEXT

Address Extension

Controls the number of bits used for the slave address.

0 7-bit address scheme
1 10-bit address scheme

5
HDRS

High Drive Select

Controls the drive capability of the I2C pads.

Table continues on the next page...
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I2Cx_C2 field descriptions (continued)

Field Description
0 Normal drive mode
1 High drive mode

4
SBRC

Slave Baud Rate Control

Enables independent slave mode baud rate at maximum frequency, which forces clock stretching on SCL
in very fast I2C modes. To a slave, an example of a "very fast" mode is when the master transfers at 40
kbit/s but the slave can capture the master's data at only 10 kbit/s.

0 The slave baud rate follows the master baud rate and clock stretching may occur
1 Slave baud rate is independent of the master baud rate

3
RMEN

Range Address Matching Enable

This bit controls slave address matching for addresses between the values of the A1 and RA registers.
When this bit is set, a slave address match occurs for any address greater than the value of the A1
register and less than or equal to the value of the RA register.

0 Range mode disabled. No address match occurs for an address within the range of values of the A1
and RA registers.

1 Range mode enabled. Address matching occurs when a slave receives an address within the range of
values of the A1 and RA registers.

2–0
AD[10:8]

Slave Address

Contains the upper three bits of the slave address in the 10-bit address scheme. This field is valid only
while the ADEXT bit is set.

38.3.7 I2C Programmable Input Glitch Filter register (I2Cx_FLT)
Address: Base address + 6h offset

Bit 7 6 5 4 3 2 1 0

Read Reserved 0 0 FLT
Write
Reset 0 0 0 0 0 0 0 0

I2Cx_FLT field descriptions

Field Description

7
Reserved

This field is reserved.
Writing this bit has no effect.

6–5
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

3–0
FLT

I2C Programmable Filter Factor

Controls the width of the glitch, in terms of bus clock cycles, that the filter must absorb. For any glitch
whose size is less than or equal to this width setting, the filter does not allow the glitch to pass.

0h No filter/bypass
1-Fh Filter glitches up to width of n bus clock cycles, where n=1-15d
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38.3.8 I2C Range Address register (I2Cx_RA)
Address: Base address + 7h offset

Bit 7 6 5 4 3 2 1 0

Read RAD 0
Write
Reset 0 0 0 0 0 0 0 0

I2Cx_RA field descriptions

Field Description

7–1
RAD

Range Slave Address

This field contains the slave address to be used by the I2C module. The field is used in the 7-bit address
scheme. Any nonzero write enables this register. This register's use is similar to that of the A1 register, but
in addition this register can be considered a maximum boundary in range matching mode.

0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

38.3.9 I2C SMBus Control and Status register (I2Cx_SMB)

NOTE
When the SCL and SDA signals are held high for a length of
time greater than the high timeout period, the SHTF1 flag sets.
Before reaching this threshold, while the system is detecting
how long these signals are being held high, a master assumes
that the bus is free. However, the SHTF1 bit rises in the bus
transmission process with the idle bus state.

NOTE
When the TCKSEL bit is set, there is no need to monitor the
SHTF1 bit because the bus speed is too high to match the
protocol of SMBus.

Address: Base address + 8h offset

Bit 7 6 5 4 3 2 1 0

Read
FACK ALERTEN SIICAEN TCKSEL

SLTF SHTF1 SHTF2
SHTF2IE

Write w1c w1c

Reset 0 0 0 0 0 0 0 0
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I2Cx_SMB field descriptions (continued)

Field Description

0
SHTF2IE

SHTF2 Interrupt Enable

Enables SCL high and SDA low timeout interrupt.

0 SHTF2 interrupt is disabled
1 SHTF2 interrupt is enabled

38.3.10 I2C Address Register 2 (I2Cx_A2)
Address: Base address + 9h offset

Bit 7 6 5 4 3 2 1 0

Read SAD 0
Write
Reset 1 1 0 0 0 0 1 0

I2Cx_A2 field descriptions

Field Description

7–1
SAD

SMBus Address

Contains the slave address used by the SMBus. This field is used on the device default address or other
related addresses.

0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

38.3.11 I2C SCL Low Timeout Register High (I2Cx_SLTH)
Address: Base address + Ah offset

Bit 7 6 5 4 3 2 1 0
Read SSLT[15:8]Write
Reset 0 0 0 0 0 0 0 0

I2Cx_SLTH field descriptions

Field Description

7–0
SSLT[15:8]

Most significant byte of SCL low timeout value that determines the timeout period of SCL low.

Memory map and register descriptions
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38.3.12 I2C SCL Low Timeout Register Low (I2Cx_SLTL)
Address: Base address + Bh offset

Bit 7 6 5 4 3 2 1 0
Read SSLT[7:0]Write
Reset 0 0 0 0 0 0 0 0

I2Cx_SLTL field descriptions

Field Description

7–0
SSLT[7:0]

Least significant byte of SCL low timeout value that determines the timeout period of SCL low.

38.4 Functional description
This section provides a comprehensive functional description of the I2C module.

38.4.1 I2C protocol
The I2C bus system uses a serial data line (SDA) and a serial clock line (SCL) for data
transfers. All devices connected to it must have open drain or open collector outputs. A
logic AND function is exercised on both lines with external pull-up resistors. The value
of these resistors depends on the system.

Normally, a standard instance of communication is composed of four parts:

1. START signal
2. Slave address transmission
3. Data transfer
4. STOP signal

The STOP signal should not be confused with the CPU STOP instruction. The following
figure illustrates I2C bus system communication.

Chapter 38 Inter-Integrated Circuit (I2C)
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Chapter 39
Serial Communication Interface (SCI) / Universal
Asynchronous Receiver/Transmitter (UART)

39.1 Introduction
The UART allows asynchronous serial communication with peripheral devices and
CPUs.

39.1.1 Features
The UART includes the following features:

• Full-duplex operation

• Standard mark/space non-return-to-zero (NRZ) format

• 13-bit baud rate selection with /32 fractional divide, based on the module clock
frequency

• Programmable 8-bit or 9-bit data format

• Separately enabled transmitter and receiver

• Programmable transmitter output polarity

• Programmable receive input polarity

• 13-bit break character option

• 11-bit break character detection option

• Independent FIFO structure for transmit and receive

• Two receiver wakeup methods:
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UART memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_8120 UART Baud Rate Registers: High (UART0_BDH) 8 R/W 00h 39.3.1/879

FFFF_8121 UART Baud Rate Registers: Low (UART0_BDL) 8 R/W 04h 39.3.2/880

FFFF_8122 UART Control Register 1 (UART0_C1) 8 R/W 00h 39.3.3/881

FFFF_8123 UART Control Register 2 (UART0_C2) 8 R/W 00h 39.3.4/882

FFFF_8124 UART Status Register 1 (UART0_S1) 8 R C0h 39.3.5/884

FFFF_8125 UART Status Register 2 (UART0_S2) 8 R/W 00h 39.3.6/887

FFFF_8126 UART Control Register 3 (UART0_C3) 8 R/W 00h 39.3.7/889

FFFF_8127 UART Data Register (UART0_D) 8 R/W 00h 39.3.8/890

FFFF_8128 UART Match Address Registers 1 (UART0_MA1) 8 R/W 00h 39.3.9/892

FFFF_8129 UART Match Address Registers 2 (UART0_MA2) 8 R/W 00h 39.3.10/
892

FFFF_812A UART Control Register 4 (UART0_C4) 8 R/W 00h 39.3.11/
892

FFFF_812B UART Control Register 5 (UART0_C5) 8 R/W 00h 39.3.12/
893

FFFF_812C UART Extended Data Register (UART0_ED) 8 R 00h 39.3.13/
894

FFFF_812D UART Modem Register (UART0_MODEM) 8 R/W 00h 39.3.14/
895

FFFF_8130 UART FIFO Parameters (UART0_PFIFO) 8 R/W See section 39.3.15/
897

FFFF_8131 UART FIFO Control Register (UART0_CFIFO) 8 R/W 00h 39.3.16/
898

FFFF_8132 UART FIFO Status Register (UART0_SFIFO) 8 R/W C0h 39.3.17/
899

FFFF_8133 UART FIFO Transmit Watermark (UART0_TWFIFO) 8 R/W 00h 39.3.18/
900

FFFF_8134 UART FIFO Transmit Count (UART0_TCFIFO) 8 R 00h 39.3.19/
901

FFFF_8135 UART FIFO Receive Watermark (UART0_RWFIFO) 8 R/W 01h 39.3.20/
901

FFFF_8136 UART FIFO Receive Count (UART0_RCFIFO) 8 R 00h 39.3.21/
902

FFFF_8138 UART 7816 Control Register (UART0_C7816) 8 R/W 00h 39.3.22/
902

FFFF_8139 UART 7816 Interrupt Enable Register (UART0_IE7816) 8 R/W 00h 39.3.23/
904

FFFF_813A UART 7816 Interrupt Status Register (UART0_IS7816) 8 R/W 00h 39.3.24/
905

FFFF_813B UART 7816 Wait Parameter Register (UART0_WP7816T0) 8 R/W 0Ah 39.3.25/
906

FFFF_813B UART 7816 Wait Parameter Register (UART0_WP7816T1) 8 R/W 0Ah 39.3.26/
907

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

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_8174 UART FIFO Transmit Count (UART2_TCFIFO) 8 R 00h 39.3.19/
901

FFFF_8175 UART FIFO Receive Watermark (UART2_RWFIFO) 8 R/W 01h 39.3.20/
901

FFFF_8176 UART FIFO Receive Count (UART2_RCFIFO) 8 R 00h 39.3.21/
902

FFFF_8178 UART 7816 Control Register (UART2_C7816) 8 R/W 00h 39.3.22/
902

FFFF_8179 UART 7816 Interrupt Enable Register (UART2_IE7816) 8 R/W 00h 39.3.23/
904

FFFF_817A UART 7816 Interrupt Status Register (UART2_IS7816) 8 R/W 00h 39.3.24/
905

FFFF_817B UART 7816 Wait Parameter Register (UART2_WP7816T0) 8 R/W 0Ah 39.3.25/
906

FFFF_817B UART 7816 Wait Parameter Register (UART2_WP7816T1) 8 R/W 0Ah 39.3.26/
907

FFFF_817C UART 7816 Wait N Register (UART2_WN7816) 8 R/W 00h 39.3.27/
907

FFFF_817D UART 7816 Wait FD Register (UART2_WF7816) 8 R/W 01h 39.3.28/
908

FFFF_817E UART 7816 Error Threshold Register (UART2_ET7816) 8 R/W 00h 39.3.29/
908

FFFF_817F UART 7816 Transmit Length Register (UART2_TL7816) 8 R/W 00h 39.3.30/
909

39.3.1 UART Baud Rate Registers: High (UARTx_BDH)
This register, along with the BDL register, controls the prescale divisor for UART baud
rate generation. To update the 13-bit baud rate setting (SBR[12:0]), first write to BDH to
buffer the high half of the new value and then write to BDL. The working value in BDH
does not change until BDL is written.

BDL is reset to a nonzero value, but after reset, the baud rate generator remains disabled
until the first time the receiver or transmitter is enabled, that is, when C2[RE] or C2[TE]
is set.

Address: Base address + 0h offset

Bit 7 6 5 4 3 2 1 0

Read LBKDIE RXEDGIE 0 SBR
Write
Reset 0 0 0 0 0 0 0 0
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UARTx_BDH field descriptions

Field Description

7
LBKDIE

LIN Break Detect Interrupt Enable

Enables the LIN break detect flag, LBKDIF, to generate interrupt requests based on the state of
LBKDDMAS.

0 LBKDIF interrupt requests disabled.
1 LBKDIF interrupt requests enabled.

6
RXEDGIE

RxD Input Active Edge Interrupt Enable

Enables the receive input active edge, RXEDGIF, to generate interrupt requests.

0 Hardware interrupts from RXEDGIF disabled using polling.
1 RXEDGIF interrupt request enabled.

5
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

4–0
SBR

UART Baud Rate Bits

The baud rate for the UART is determined by the 13 SBR fields. See Baud rate generation for details.

NOTE: • The baud rate generator is disabled until C2[TE] or C2[RE] is set for the first time after
reset.The baud rate generator is disabled when SBR = 0.

• Writing to BDH has no effect without writing to BDL, because writing to BDH puts the data
in a temporary location until BDL is written.

39.3.2 UART Baud Rate Registers: Low (UARTx_BDL)

This register, along with the BDH register, controls the prescale divisor for UART baud
rate generation. To update the 13-bit baud rate setting, SBR[12:0], first write to BDH to
buffer the high half of the new value and then write to BDL. The working value in BDH
does not change until BDL is written. BDL is reset to a nonzero value, but after reset, the
baud rate generator remains disabled until the first time the receiver or transmitter is
enabled, that is, when C2[RE] or C2[TE] is set.

Address: Base address + 1h offset

Bit 7 6 5 4 3 2 1 0
Read SBRWrite
Reset 0 0 0 0 0 1 0 0

UARTx_BDL field descriptions

Field Description

7–0
SBR

UART Baud Rate Bits

The baud rate for the UART is determined by the 13 SBR fields. See Baud rate generation for details.

Memory map and registers
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UARTx_BDL field descriptions (continued)

Field Description
NOTE: • The baud rate generator is disabled until C2[TE] or C2[RE] is set for the first time after

reset.The baud rate generator is disabled when SBR = 0.
• Writing to BDH has no effect without writing to BDL, because writing to BDH puts the data

in a temporary location until BDL is written.

39.3.3 UART Control Register 1 (UARTx_C1)

This read/write register controls various optional features of the UART system.

Address: Base address + 2h offset

Bit 7 6 5 4 3 2 1 0
Read LOOPS UARTSWAI RSRC M WAKE ILT PE PTWrite
Reset 0 0 0 0 0 0 0 0

UARTx_C1 field descriptions

Field Description

7
LOOPS

Loop Mode Select

When LOOPS is set, the RxD pin is disconnected from the UART and the transmitter output is internally
connected to the receiver input. The transmitter and the receiver must be enabled to use the loop function.

0 Normal operation.
1 Loop mode where transmitter output is internally connected to receiver input. The receiver input is

determined by RSRC.

6
UARTSWAI

UART Stops in Wait Mode

0 UART clock continues to run in Wait mode.
1 UART clock freezes while CPU is in Wait mode.

5
RSRC

Receiver Source Select

This field has no meaning or effect unless the LOOPS field is set. When LOOPS is set, the RSRC field
determines the source for the receiver shift register input.

0 Selects internal loop back mode. The receiver input is internally connected to transmitter output.
1 Single wire UART mode where the receiver input is connected to the transmit pin input signal.

4
M

9-bit or 8-bit Mode Select

This field must be set when C7816[ISO_7816E] is set/enabled.

0 Normal—start + 8 data bits (MSB/LSB first as determined by MSBF) + stop.
1 Use—start + 9 data bits (MSB/LSB first as determined by MSBF) + stop.

3
WAKE

Receiver Wakeup Method Select

Determines which condition wakes the UART:
• Address mark in the most significant bit position of a received data character, or
• An idle condition on the receive pin input signal.

Table continues on the next page...
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UARTx_C1 field descriptions (continued)

Field Description
0 Idle line wakeup.
1 Address mark wakeup.

2
ILT

Idle Line Type Select

Determines when the receiver starts counting logic 1s as idle character bits. The count begins either after
a valid start bit or after the stop bit. If the count begins after the start bit, then a string of logic 1s preceding
the stop bit can cause false recognition of an idle character. Beginning the count after the stop bit avoids
false idle character recognition, but requires properly synchronized transmissions.

NOTE: • In case the UART is programmed with ILT = 1, a logic of 1'b0 is automatically shifted after a
received stop bit, therefore resetting the idle count.

• In case the UART is programmed for IDLE line wakeup (RWU = 1 and WAKE = 0), ILT has
no effect on when the receiver starts counting logic 1s as idle character bits. In idle line
wakeup, an idle character is recognized at anytime the receiver sees 10, 11, or 12 1s
depending on the M, PE, and C4[M10] fields.

0 Idle character bit count starts after start bit.
1 Idle character bit count starts after stop bit.

1
PE

Parity Enable

Enables the parity function. When parity is enabled, parity function inserts a parity bit in the bit position
immediately preceding the stop bit. This field must be set when C7816[ISO_7816E] is set/enabled.

0 Parity function disabled.
1 Parity function enabled.

0
PT

Parity Type

Determines whether the UART generates and checks for even parity or odd parity. With even parity, an
even number of 1s clears the parity bit and an odd number of 1s sets the parity bit. With odd parity, an odd
number of 1s clears the parity bit and an even number of 1s sets the parity bit. This field must be cleared
when C7816[ISO_7816E] is set/enabled.

0 Even parity.
1 Odd parity.

39.3.4 UART Control Register 2 (UARTx_C2)

This register can be read or written at any time.

Address: Base address + 3h offset

Bit 7 6 5 4 3 2 1 0
Read TIE TCIE RIE ILIE TE RE RWU SBKWrite
Reset 0 0 0 0 0 0 0 0

UARTx_C2 field descriptions

Field Description

7
TIE

Transmitter Interrupt or DMA Transfer Enable.

Table continues on the next page...
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byte in FIFO and this byte will be read eventually in
clearing the flag bit.

Address: Base address + 4h offset

Bit 7 6 5 4 3 2 1 0

Read TDRE TC RDRF IDLE OR NF FE PF

Write

Reset 1 1 0 0 0 0 0 0

UARTx_S1 field descriptions

Field Description

7
TDRE

Transmit Data Register Empty Flag

TDRE will set when the number of datawords in the transmit buffer (D and C3[T8])is equal to or less than
the number indicated by TWFIFO[TXWATER]. A character that is in the process of being transmitted is not
included in the count. To clear TDRE, read S1 when TDRE is set and then write to the UART data register
(D). For more efficient interrupt servicing, all data except the final value to be written to the buffer must be
written to D/C3[T8]. Then S1 can be read before writing the final data value, resulting in the clearing of the
TRDE flag. This is more efficient because the TDRE reasserts until the watermark has been exceeded.
So, attempting to clear the TDRE with every write will be ineffective until sufficient data has been written.

0 The amount of data in the transmit buffer is greater than the value indicated by TWFIFO[TXWATER].
1 The amount of data in the transmit buffer is less than or equal to the value indicated by

TWFIFO[TXWATER] at some point in time since the flag has been cleared.

6
TC

Transmit Complete Flag

TC is cleared when there is a transmission in progress or when a preamble or break character is loaded.
TC is set when the transmit buffer is empty and no data, preamble, or break character is being
transmitted. When TC is set, the transmit data output signal becomes idle (logic 1). TC is cleared by
reading S1 with TC set and then doing one of the following: When C7816[ISO_7816E] is set/enabled, this
field is set after any NACK signal has been received, but prior to any corresponding guard times expiring.

• Writing to D to transmit new data.
• Queuing a preamble by clearing and then setting C2[TE].
• Queuing a break character by writing 1 to SBK in C2.

0 Transmitter active (sending data, a preamble, or a break).
1 Transmitter idle (transmission activity complete).

5
RDRF

Receive Data Register Full Flag

RDRF is set when the number of datawords in the receive buffer is equal to or more than the number
indicated by RWFIFO[RXWATER]. A dataword that is in the process of being received is not included in
the count. To clear RDRF, read S1 when RDRF is set and then read D. For more efficient interrupt and
DMA operation, read all data except the final value from the buffer, using D/C3[T8]/ED. Then read S1 and
the final data value, resulting in the clearing of the RDRF flag. Even if RDRF is set, data will continue to be
received until an overrun condition occurs.RDRF is prevented from setting while S2[LBKDE] is set.
Additionally, when S2[LBKDE] is set, the received datawords are stored in the receive buffer but over-write
each other.

0 The number of datawords in the receive buffer is less than the number indicated by RXWATER.
1 The number of datawords in the receive buffer is equal to or greater than the number indicated by

RXWATER at some point in time since this flag was last cleared.

4
IDLE

Idle Line Flag

Table continues on the next page...
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UARTx_S1 field descriptions (continued)

Field Description
PF is set when PE is set and the parity of the received data does not match its parity bit. The PF is not set
in the case of an overrun condition. When PF is set, it indicates only that a dataword was received with
parity error since the last time it was cleared. There is no guarantee that the first dataword read from the
receive buffer has a parity error or that there is only one dataword in the buffer that was received with a
parity error, unless the receive buffer has a depth of one. To clear PF, read S1 and then read D.,
S2[LBKDE] is disabled,Within the receive buffer structure the received dataword is tagged if it is received
with a parity error. This information is available by reading the ED register prior to reading the D register.

0 No parity error detected since the last time this flag was cleared. If the receive buffer has a depth
greater than 1, then there may be data in the receive buffer what was received with a parity error.

1 At least one dataword was received with a parity error since the last time this flag was cleared.

39.3.6 UART Status Register 2 (UARTx_S2)

The S2 register provides inputs to the MCU for generation of UART interrupts or DMA
requests. Also, this register can be polled by the MCU to check the status of these bits.
This register can be read or written at any time, with the exception of the MSBF and
RXINV bits, which should be changed by the user only between transmit and receive
packets.

Address: Base address + 5h offset

Bit 7 6 5 4 3 2 1 0

Read
LBKDIF RXEDGIF MSBF RXINV RWUID BRK13 LBKDE

RAF

Write

Reset 0 0 0 0 0 0 0 0

UARTx_S2 field descriptions

Field Description

7
LBKDIF

LIN Break Detect Interrupt Flag

LBKDIF is set when LBKDE is set and a LIN break character is detected on the receiver input. The LIN
break characters are 11 consecutive logic 0s if C1[M] = 0 or 12 consecutive logic 0s if C1[M] = 1. LBKDIF
is set after receiving the last LIN break character. LBKDIF is cleared by writing a 1 to it.

0 No LIN break character detected.
1 LIN break character detected.

6
RXEDGIF

RxD Pin Active Edge Interrupt Flag

RXEDGIF is set when an active edge occurs on the RxD pin. The active edge is falling if RXINV = 0, and
rising if RXINV=1. RXEDGIF is cleared by writing a 1 to it. See for additional details. RXEDGIF description

NOTE: The active edge is detected only in two wire mode and on receiving data coming from the RxD
pin.

0 No active edge on the receive pin has occurred.
1 An active edge on the receive pin has occurred.

Table continues on the next page...
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UARTx_S2 field descriptions (continued)

Field Description
RAF is set when the UART receiver detects a logic 0 during the RT1 time period of the start bit search.
RAF is cleared when the receiver detects an idle character when C7816[ISO7816E] is cleared/disabled.
When C7816[ISO7816E] is enabled, the RAF is cleared if the C7816[TTYPE] = 0 expires or the
C7816[TTYPE] = 1 expires.

NOTE: In case C7816[ISO7816E] is set and C7816[TTYPE] = 0, it is possible to configure the guard time
to 12. However, if a NACK is required to be transmitted, the data transfer actually takes 13 ETU
with the 13th ETU slot being a inactive buffer. Therefore, in this situation, the RAF may deassert
one ETU prior to actually being inactive.

0 UART receiver idle/inactive waiting for a start bit.
1 UART receiver active, RxD input not idle.

39.3.7 UART Control Register 3 (UARTx_C3)

Writing R8 does not have any effect. TXDIR and TXINV can be changed only between
transmit and receive packets.

Address: Base address + 6h offset

Bit 7 6 5 4 3 2 1 0

Read R8
T8 TXDIR TXINV ORIE NEIE FEIE PEIE

Write

Reset 0 0 0 0 0 0 0 0

UARTx_C3 field descriptions

Field Description

7
R8

Received Bit 8

R8 is the ninth data bit received when the UART is configured for 9-bit data format, that is, if C1[M] = 1 or
C4[M10] = 1. The R8 value corresponds to the current data value in the UARTx_D register. To read the
9th bit, read the value of UARTx_C3[R8], then read the UARTx_D register.

6
T8

Transmit Bit 8

T8 is the ninth data bit transmitted when the UART is configured for 9-bit data format, that is, if C1[M] = 1
or C4[M10] = 1.

NOTE: If the value of T8 is the same as in the previous transmission, T8 does not have to be rewritten.
The same value is transmitted until T8 is rewritten.

To correctly transmit the 9th bit, write UARTx_C3[T8] to the desired value, then write the
UARTx_D register with the remaining data.

5
TXDIR

Transmitter Pin Data Direction in Single-Wire mode

Determines whether the TXD pin is used as an input or output in the single-wire mode of operation. This
field is relevant only to the single wire mode. When C7816[ISO7816E] is set/enabled and C7816[TTYPE]
= 1, this field is automatically cleared after the requested block is transmitted. This condition is detected
when TL7816[TLEN] = 0 and 4 additional characters are transmitted. Additionally, if C7816[ISO7816E] is
set/enabled and C7816[TTYPE] = 0 and a NACK is being transmitted, the hardware automatically

Table continues on the next page...
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NOTE
• In 8-bit or 9-bit data format, only UART data register (D)

needs to be accessed to clear the S1[RDRF] bit (assuming
receiver buffer level is less than RWFIFO[RXWATER]).
The C3 register needs to be read, prior to the D register,
only if the ninth bit of data needs to be captured. Similarly,
the ED register needs to be read, prior to the D register,
only if the additional flag data for the dataword needs to be
captured.

• In the normal 8-bit mode (M bit cleared) if the parity is
enabled, you get seven data bits and one parity bit. That
one parity bit is loaded into the D register. So, for the data
bits, mask off the parity bit from the value you read out of
this register.

• When transmitting in 9-bit data format and using 8-bit
write instructions, write first to transmit bit 8 in UART
control register 3 (C3[T8]), then D. A write to C3[T8]
stores the data in a temporary register. If D register is
written first, and then the new data on data bus is stored in
D, the temporary value written by the last write to C3[T8]
gets stored in the C3[T8] register.

Address: Base address + 7h offset

Bit 7 6 5 4 3 2 1 0
Read RTWrite
Reset 0 0 0 0 0 0 0 0

UARTx_D field descriptions

Field Description

7–0
RT

Reads return the contents of the read-only receive data register and writes go to the write-only transmit
data register.
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39.3.9 UART Match Address Registers 1 (UARTx_MA1)

The MA1 and MA2 registers are compared to input data addresses when the most
significant bit is set and the associated C4[MAEN] field is set. If a match occurs, the
following data is transferred to the data register. If a match fails, the following data is
discarded. These registers can be read and written at anytime.

Address: Base address + 8h offset

Bit 7 6 5 4 3 2 1 0
Read MAWrite
Reset 0 0 0 0 0 0 0 0

UARTx_MA1 field descriptions

Field Description

7–0
MA

Match Address

39.3.10 UART Match Address Registers 2 (UARTx_MA2)

These registers can be read and written at anytime. The MA1 and MA2 registers are
compared to input data addresses when the most significant bit is set and the associated
C4[MAEN] field is set. If a match occurs, the following data is transferred to the data
register. If a match fails, the following data is discarded.

Address: Base address + 9h offset

Bit 7 6 5 4 3 2 1 0
Read MAWrite
Reset 0 0 0 0 0 0 0 0

UARTx_MA2 field descriptions

Field Description

7–0
MA

Match Address

39.3.11 UART Control Register 4 (UARTx_C4)
Address: Base address + Ah offset

Bit 7 6 5 4 3 2 1 0
Read MAEN1 MAEN2 M10 BRFAWrite
Reset 0 0 0 0 0 0 0 0
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UARTx_C4 field descriptions

Field Description

7
MAEN1

Match Address Mode Enable 1

See Match address operation for more information.

0 All data received is transferred to the data buffer if MAEN2 is cleared.
1 All data received with the most significant bit cleared, is discarded. All data received with the most

significant bit set, is compared with contents of MA1 register. If no match occurs, the data is
discarded. If match occurs, data is transferred to the data buffer. This field must be cleared when
C7816[ISO7816E] is set/enabled.

6
MAEN2

Match Address Mode Enable 2

See Match address operation for more information.

0 All data received is transferred to the data buffer if MAEN1 is cleared.
1 All data received with the most significant bit cleared, is discarded. All data received with the most

significant bit set, is compared with contents of MA2 register. If no match occurs, the data is
discarded. If a match occurs, data is transferred to the data buffer. This field must be cleared when
C7816[ISO7816E] is set/enabled.

5
M10

10-bit Mode select

Causes a tenth, non-memory mapped bit to be part of the serial transmission. This tenth bit is generated
and interpreted as a parity bit. The M10 field does not affect the LIN send or detect break behavior. If M10
is set, then both C1[M] and C1[PE] must also be set. This field must be cleared when C7816[ISO7816E] is
set/enabled.

See Data format (non ISO-7816) for more information.

0 The parity bit is the ninth bit in the serial transmission.
1 The parity bit is the tenth bit in the serial transmission.

4–0
BRFA

Baud Rate Fine Adjust

This bit field is used to add more timing resolution to the average baud frequency, in increments of 1/32.
See Baud rate generation for more information.

39.3.12 UART Control Register 5 (UARTx_C5)
Address: Base address + Bh offset

Bit 7 6 5 4 3 2 1 0

Read TDMAS TCDMAS RDMAS 0
Write
Reset 0 0 0 0 0 0 0 0

UARTx_C5 field descriptions

Field Description

7
TDMAS

Transmitter DMA Select

Configures the transmit data register empty flag, S1[TDRE], to generate interrupt or DMA requests if
C2[TIE] is set.

Table continues on the next page...
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These fields automatically update to reflect the conditions
of the next dataword whenever D is read.

• If S1[NF] and S1[PF] have not been set since the last time
the receive buffer was empty, the NOISY and PARITYE
fields will be zero.

Address: Base address + Ch offset

Bit 7 6 5 4 3 2 1 0

Read NOISY PARITYE 0

Write

Reset 0 0 0 0 0 0 0 0

UARTx_ED field descriptions

Field Description

7
NOISY

The current received dataword contained in D and C3[R8] was received with noise.

0 The dataword was received without noise.
1 The data was received with noise.

6
PARITYE

The current received dataword contained in D and C3[R8] was received with a parity error.

0 The dataword was received without a parity error.
1 The dataword was received with a parity error.

5–0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

39.3.14 UART Modem Register (UARTx_MODEM)
The MODEM register controls options for setting the modem configuration.

NOTE
RXRTSE, TXRTSPOL, TXRTSE, and TXCTSE must all be
cleared when C7816[ISO7816EN] is enabled. This will cause
the RTS to deassert during ISO-7816 wait times. The ISO-7816
protocol does not use the RTS and CTS signals.

Address: Base address + Dh offset

Bit 7 6 5 4 3 2 1 0

Read 0 RXRTSE TXRTSPOL TXRTSE TXCTSE
Write
Reset 0 0 0 0 0 0 0 0
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39.3.15 UART FIFO Parameters (UARTx_PFIFO)

This register provides the ability for the programmer to turn on and off FIFO
functionality. It also provides the size of the FIFO that has been implemented. This
register may be read at any time. This register must be written only when C2[RE] and
C2[TE] are cleared/not set and when the data buffer/FIFO is empty.

Address: Base address + 10h offset

Bit 7 6 5 4 3 2 1 0

Read
TXFE

TXFIFOSIZE
RXFE

RXFIFOSIZE

Write

Reset 0 * * * 0 * * *

* Notes:
TXFIFOSIZE field: The reset value depends on whether the specific UART instance supports the FIFO and on the size of

that FIFO. See the Chip Configuration details for more information on the FIFO size supported for each
UART instance.

•

RXFIFOSIZE field: The reset value depends on whether the specific UART instance supports the FIFO and on the size of
that FIFO. See the Chip Configuration details for more information on the FIFO size supported for each
UART instance.

•

UARTx_PFIFO field descriptions

Field Description

7
TXFE

Transmit FIFO Enable

When this field is set, the built in FIFO structure for the transmit buffer is enabled. The size of the FIFO
structure is indicated by TXFIFOSIZE. If this field is not set, the transmit buffer operates as a FIFO of
depth one dataword regardless of the value in TXFIFOSIZE. Both C2[TE] and C2[RE] must be cleared
prior to changing this field. Additionally, TXFLUSH and RXFLUSH commands must be issued immediately
after changing this field.

0 Transmit FIFO is not enabled. Buffer is depth 1. (Legacy support).
1 Transmit FIFO is enabled. Buffer is depth indicated by TXFIFOSIZE.

6–4
TXFIFOSIZE

Transmit FIFO. Buffer Depth

The maximum number of transmit datawords that can be stored in the transmit buffer. This field is read
only.

000 Transmit FIFO/Buffer depth = 1 dataword.
001 Transmit FIFO/Buffer depth = 4 datawords.
010 Transmit FIFO/Buffer depth = 8 datawords.
011 Transmit FIFO/Buffer depth = 16 datawords.
100 Transmit FIFO/Buffer depth = 32 datawords.
101 Transmit FIFO/Buffer depth = 64 datawords.
110 Transmit FIFO/Buffer depth = 128 datawords.
111 Reserved.

3
RXFE

Receive FIFO Enable

Table continues on the next page...
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UARTx_PFIFO field descriptions (continued)

Field Description
When this field is set, the built in FIFO structure for the receive buffer is enabled. The size of the FIFO
structure is indicated by the RXFIFOSIZE field. If this field is not set, the receive buffer operates as a FIFO
of depth one dataword regardless of the value in RXFIFOSIZE. Both C2[TE] and C2[RE] must be cleared
prior to changing this field. Additionally, TXFLUSH and RXFLUSH commands must be issued immediately
after changing this field.

0 Receive FIFO is not enabled. Buffer is depth 1. (Legacy support)
1 Receive FIFO is enabled. Buffer is depth indicted by RXFIFOSIZE.

2–0
RXFIFOSIZE

Receive FIFO. Buffer Depth

The maximum number of receive datawords that can be stored in the receive buffer before an overrun
occurs. This field is read only.

000 Receive FIFO/Buffer depth = 1 dataword.
001 Receive FIFO/Buffer depth = 4 datawords.
010 Receive FIFO/Buffer depth = 8 datawords.
011 Receive FIFO/Buffer depth = 16 datawords.
100 Receive FIFO/Buffer depth = 32 datawords.
101 Receive FIFO/Buffer depth = 64 datawords.
110 Receive FIFO/Buffer depth = 128 datawords.
111 Reserved.

39.3.16 UART FIFO Control Register (UARTx_CFIFO)

This register provides the ability to program various control fields for FIFO operation.
This register may be read or written at any time. Note that writing to TXFLUSH and
RXFLUSH may result in data loss and requires careful action to prevent unintended/
unpredictable behavior. Therefore, it is recommended that TE and RE be cleared prior to
flushing the corresponding FIFO.

Address: Base address + 11h offset

Bit 7 6 5 4 3 2 1 0

Read 0 0 0
RXOFE TXOFE RXUFE

Write TXFLUSH RXFLUSH

Reset 0 0 0 0 0 0 0 0

UARTx_CFIFO field descriptions

Field Description

7
TXFLUSH

Transmit FIFO/Buffer Flush

Writing to this field causes all data that is stored in the transmit FIFO/buffer to be flushed. This does not
affect data that is in the transmit shift register.

0 No flush operation occurs.
1 All data in the transmit FIFO/Buffer is cleared out.

Table continues on the next page...
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UARTx_CFIFO field descriptions (continued)

Field Description

6
RXFLUSH

Receive FIFO/Buffer Flush

Writing to this field causes all data that is stored in the receive FIFO/buffer to be flushed. This does not
affect data that is in the receive shift register.

0 No flush operation occurs.
1 All data in the receive FIFO/buffer is cleared out.

5–3
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

2
RXOFE

Receive FIFO Overflow Interrupt Enable

When this field is set, the RXOF flag generates an interrupt to the host.

0 RXOF flag does not generate an interrupt to the host.
1 RXOF flag generates an interrupt to the host.

1
TXOFE

Transmit FIFO Overflow Interrupt Enable

When this field is set, the TXOF flag generates an interrupt to the host.

0 TXOF flag does not generate an interrupt to the host.
1 TXOF flag generates an interrupt to the host.

0
RXUFE

Receive FIFO Underflow Interrupt Enable

When this field is set, the RXUF flag generates an interrupt to the host.

0 RXUF flag does not generate an interrupt to the host.
1 RXUF flag generates an interrupt to the host.

39.3.17 UART FIFO Status Register (UARTx_SFIFO)

This register provides status information regarding the transmit and receiver buffers/
FIFOs, including interrupt information. This register may be written to or read at any
time.

Address: Base address + 12h offset

Bit 7 6 5 4 3 2 1 0

Read TXEMPT RXEMPT 0
RXOF TXOF RXUF

Write

Reset 1 1 0 0 0 0 0 0

UARTx_SFIFO field descriptions

Field Description

7
TXEMPT

Transmit Buffer/FIFO Empty

Asserts when there is no data in the Transmit FIFO/buffer. This field does not take into account data that
is in the transmit shift register.
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UARTx_SFIFO field descriptions (continued)

Field Description
0 Transmit buffer is not empty.
1 Transmit buffer is empty.

6
RXEMPT

Receive Buffer/FIFO Empty

Asserts when there is no data in the receive FIFO/Buffer. This field does not take into account data that is
in the receive shift register.

0 Receive buffer is not empty.
1 Receive buffer is empty.

5–3
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

2
RXOF

Receiver Buffer Overflow Flag

Indicates that more data has been written to the receive buffer than it can hold. This field will assert
regardless of the value of CFIFO[RXOFE]. However, an interrupt will be issued to the host only if
CFIFO[RXOFE] is set. This flag is cleared by writing a 1.

0 No receive buffer overflow has occurred since the last time the flag was cleared.
1 At least one receive buffer overflow has occurred since the last time the flag was cleared.

1
TXOF

Transmitter Buffer Overflow Flag

Indicates that more data has been written to the transmit buffer than it can hold. This field will assert
regardless of the value of CFIFO[TXOFE]. However, an interrupt will be issued to the host only if
CFIFO[TXOFE] is set. This flag is cleared by writing a 1.

0 No transmit buffer overflow has occurred since the last time the flag was cleared.
1 At least one transmit buffer overflow has occurred since the last time the flag was cleared.

0
RXUF

Receiver Buffer Underflow Flag

Indicates that more data has been read from the receive buffer than was present. This field will assert
regardless of the value of CFIFO[RXUFE]. However, an interrupt will be issued to the host only if
CFIFO[RXUFE] is set. This flag is cleared by writing a 1.

0 No receive buffer underflow has occurred since the last time the flag was cleared.
1 At least one receive buffer underflow has occurred since the last time the flag was cleared.

39.3.18 UART FIFO Transmit Watermark (UARTx_TWFIFO)

This register provides the ability to set a programmable threshold for notification of
needing additional transmit data. This register may be read at any time but must be
written only when C2[TE] is not set. Changing the value of the watermark will not clear
the S1[TDRE] flag.

Address: Base address + 13h offset

Bit 7 6 5 4 3 2 1 0
Read TXWATERWrite
Reset 0 0 0 0 0 0 0 0
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UARTx_TWFIFO field descriptions

Field Description

7–0
TXWATER

Transmit Watermark

When the number of datawords in the transmit FIFO/buffer is equal to or less than the value in this register
field, an interrupt via S1[TDRE] or a DMA request via C5[TDMAS] is generated as determined by
C5[TDMAS] and C2[TIE]. For proper operation, the value in TXWATER must be set to be less than the
size of the transmit buffer/FIFO size as indicated by PFIFO[TXFIFOSIZE] and PFIFO[TXFE].

39.3.19 UART FIFO Transmit Count (UARTx_TCFIFO)

This is a read only register that indicates how many datawords are currently in the
transmit buffer/FIFO. It may be read at any time.

Address: Base address + 14h offset

Bit 7 6 5 4 3 2 1 0

Read TXCOUNT

Write

Reset 0 0 0 0 0 0 0 0

UARTx_TCFIFO field descriptions

Field Description

7–0
TXCOUNT

Transmit Counter

The value in this register indicates the number of datawords that are in the transmit FIFO/buffer. If a
dataword is being transmitted, that is, in the transmit shift register, it is not included in the count. This
value may be used in conjunction with PFIFO[TXFIFOSIZE] to calculate how much room is left in the
transmit FIFO/buffer.

39.3.20 UART FIFO Receive Watermark (UARTx_RWFIFO)

This register provides the ability to set a programmable threshold for notification of the
need to remove data from the receiver FIFO/buffer. This register may be read at any time
but must be written only when C2[RE] is not asserted. Changing the value in this register
will not clear S1[RDRF].

Address: Base address + 15h offset

Bit 7 6 5 4 3 2 1 0
Read RXWATERWrite
Reset 0 0 0 0 0 0 0 1
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UARTx_RWFIFO field descriptions

Field Description

7–0
RXWATER

Receive Watermark

When the number of datawords in the receive FIFO/buffer is equal to or greater than the value in this
register field, an interrupt via S1[RDRF] or a DMA request via C5[RDMAS] is generated as determined by
C5[RDMAS] and C2[RIE]. For proper operation, the value in RXWATER must be set to be less than the
receive FIFO/buffer size as indicated by PFIFO[RXFIFOSIZE] and PFIFO[RXFE] and must be greater
than 0.

39.3.21 UART FIFO Receive Count (UARTx_RCFIFO)

This is a read only register that indicates how many datawords are currently in the receive
FIFO/buffer. It may be read at any time.

Address: Base address + 16h offset

Bit 7 6 5 4 3 2 1 0

Read RXCOUNT

Write

Reset 0 0 0 0 0 0 0 0

UARTx_RCFIFO field descriptions

Field Description

7–0
RXCOUNT

Receive Counter

The value in this register indicates the number of datawords that are in the receive FIFO/buffer. If a
dataword is being received, that is, in the receive shift register, it is not included in the count. This value
may be used in conjunction with PFIFO[RXFIFOSIZE] to calculate how much room is left in the receive
FIFO/buffer.

39.3.22 UART 7816 Control Register (UARTx_C7816)

The C7816 register is the primary control register for ISO-7816 specific functionality.
This register is specific to 7816 functionality and the values in this register have no effect
on UART operation and should be ignored if ISO_7816E is not set/enabled. This register
may be read at any time but values must be changed only when ISO_7816E is not set.

Address: Base address + 18h offset

Bit 7 6 5 4 3 2 1 0

Read 0 ONACK ANACK INIT TTYPE ISO_7816E
Write
Reset 0 0 0 0 0 0 0 0
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39.3.23 UART 7816 Interrupt Enable Register (UARTx_IE7816)

The IE7816 register controls which flags result in an interrupt being issued. This register
is specific to 7816 functionality, the corresponding flags that drive the interrupts are not
asserted when 7816E is not set/enabled. However, these flags may remain set if they are
asserted while 7816E was set and not subsequently cleared. This register may be read or
written to at any time.

Address: Base address + 19h offset

Bit 7 6 5 4 3 2 1 0

Read WTE CWTE BWTE INITDE 0 GTVE TXTE RXTE
Write
Reset 0 0 0 0 0 0 0 0

UARTx_IE7816 field descriptions

Field Description

7
WTE

Wait Timer Interrupt Enable

0 The assertion of IS7816[WT] does not result in the generation of an interrupt.
1 The assertion of IS7816[WT] results in the generation of an interrupt.

6
CWTE

Character Wait Timer Interrupt Enable

0 The assertion of IS7816[CWT] does not result in the generation of an interrupt.
1 The assertion of IS7816[CWT] results in the generation of an interrupt.

5
BWTE

Block Wait Timer Interrupt Enable

0 The assertion of IS7816[BWT] does not result in the generation of an interrupt.
1 The assertion of IS7816[BWT] results in the generation of an interrupt.

4
INITDE

Initial Character Detected Interrupt Enable

0 The assertion of IS7816[INITD] does not result in the generation of an interrupt.
1 The assertion of IS7816[INITD] results in the generation of an interrupt.

3
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

2
GTVE

Guard Timer Violated Interrupt Enable

0 The assertion of IS7816[GTV] does not result in the generation of an interrupt.
1 The assertion of IS7816[GTV] results in the generation of an interrupt.

1
TXTE

Transmit Threshold Exceeded Interrupt Enable

0 The assertion of IS7816[TXT] does not result in the generation of an interrupt.
1 The assertion of IS7816[TXT] results in the generation of an interrupt.

0
RXTE

Receive Threshold Exceeded Interrupt Enable

0 The assertion of IS7816[RXT] does not result in the generation of an interrupt.
1 The assertion of IS7816[RXT] results in the generation of an interrupt.
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39.3.24 UART 7816 Interrupt Status Register (UARTx_IS7816)

The IS7816 register provides a mechanism to read and clear the interrupt flags. All flags/
interrupts are cleared by writing a 1 to the field location. Writing a 0 has no effect. All
bits are "sticky", meaning they indicate that only the flag condition that occurred since
the last time the bit was cleared, not that the condition currently exists. The status flags
are set regardless of whether the corresponding field in the IC7816 is set or cleared. The
IC7816 controls only if an interrupt is issued to the host processor. This register is
specific to 7816 functionality and the values in this register have no affect on UART
operation and should be ignored if 7816E is not set/enabled. This register may be read or
written at anytime.

Address: Base address + 1Ah offset

Bit 7 6 5 4 3 2 1 0

Read WT CWT BWT INITD 0 GTV TXT RXT
Write
Reset 0 0 0 0 0 0 0 0

UARTx_IS7816 field descriptions

Field Description

7
WT

Wait Timer Interrupt

Indicates that the wait time, the time between the leading edge of a character being transmitted and the
leading edge of the next response character, has exceeded the programmed value. This flag asserts only
when C7816[TTYPE] = 0. This interrupt is cleared by writing 1.

0 Wait time (WT) has not been violated.
1 Wait time (WT) has been violated.

6
CWT

Character Wait Timer Interrupt

Indicates that the character wait time, the time between the leading edges of two consecutive characters
in a block, has exceeded the programmed value. This flag asserts only when C7816[TTYPE] = 1. This
interrupt is cleared by writing 1.

0 Character wait time (CWT) has not been violated.
1 Character wait time (CWT) has been violated.

5
BWT

Block Wait Timer Interrupt

Indicates that the block wait time, the time between the leading edge of first received character of a block
and the leading edge of the last character the previously transmitted block, has exceeded the programmed
value. This flag asserts only when C7816[TTYPE] = 1.This interrupt is cleared by writing 1.

0 Block wait time (BWT) has not been violated.
1 Block wait time (BWT) has been violated.

4
INITD

Initial Character Detected Interrupt

Indicates that a valid initial character is received. This interrupt is cleared by writing 1.

Table continues on the next page...
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UARTx_IS7816 field descriptions (continued)

Field Description
0 A valid initial character has not been received.
1 A valid initial character has been received.

3
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

2
GTV

Guard Timer Violated Interrupt

Indicates that one or more of the character guard time, block guard time, or guard time are violated. This
interrupt is cleared by writing 1.

0 A guard time (GT, CGT, or BGT) has not been violated.
1 A guard time (GT, CGT, or BGT) has been violated.

1
TXT

Transmit Threshold Exceeded Interrupt

Indicates that the transmit NACK threshold has been exceeded as indicated by ET7816[TXTHRESHOLD].
Regardless of whether this flag is set, the UART continues to retransmit indefinitely. This flag asserts only
when C7816[TTYPE] = 0. If 7816E is cleared/disabled, ANACK is cleared/disabled, C2[TE] is cleared/
disabled, C7816[TTYPE] = 1, or packet is transferred without receiving a NACK, the internal NACK
detection counter is cleared and the count restarts from zero on the next received NACK. This interrupt is
cleared by writing 1.

0 The number of retries and corresponding NACKS does not exceed the value in
ET7816[TXTHRESHOLD].

1 The number of retries and corresponding NACKS exceeds the value in ET7816[TXTHRESHOLD].

0
RXT

Receive Threshold Exceeded Interrupt

Indicates that there are more than ET7816[RXTHRESHOLD] consecutive NACKS generated in response
to parity errors on received data. This flag requires ANACK to be set. Additionally, this flag asserts only
when C7816[TTYPE] = 0. Clearing this field also resets the counter keeping track of consecutive NACKS.
The UART will continue to attempt to receive data regardless of whether this flag is set. If 7816E is
cleared/disabled, RE is cleared/disabled, C7816[TTYPE] = 1, or packet is received without needing to
issue a NACK, the internal NACK detection counter is cleared and the count restarts from zero on the next
transmitted NACK. This interrupt is cleared by writing 1.

0 The number of consecutive NACKS generated as a result of parity errors and buffer overruns is less
than or equal to the value in ET7816[RXTHRESHOLD].

1 The number of consecutive NACKS generated as a result of parity errors and buffer overruns is
greater than the value in ET7816[RXTHRESHOLD].

39.3.25 UART 7816 Wait Parameter Register (UARTx_WP7816T0)

The WP7816 register contains constants used in the generation of various wait timer
counters. To save register space, this register is used differently when C7816[TTYPE] =
0 and C7816[TTYPE] = 1. This register may be read at any time. This register must be
written to only when C7816[ISO_7816E] is not set.

Address: Base address + 1Bh offset

Bit 7 6 5 4 3 2 1 0
Read WIWrite
Reset 0 0 0 0 1 0 1 0
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UARTx_WP7816T0 field descriptions

Field Description

7–0
WI

Wait Timer Interrupt (C7816[TTYPE] = 0)

Used to calculate the value used for the WT counter. It represents a value between 1 and 255. The value
of zero is not valid. This value is used only when C7816[TTYPE] = 0. See Wait time and guard time
parameters.

39.3.26 UART 7816 Wait Parameter Register (UARTx_WP7816T1)

The WP7816 register contains constants used in the generation of various wait timer
counters. To save register space, this register is used differently when C7816[TTYPE] =
0 and C7816[TTYPE] = 1. This register may be read at any time. This register must be
written to only when C7816[ISO_7816E] is not set.

Address: Base address + 1Bh offset

Bit 7 6 5 4 3 2 1 0
Read CWI BWIWrite
Reset 0 0 0 0 1 0 1 0

UARTx_WP7816T1 field descriptions

Field Description

7–4
CWI

Character Wait Time Integer (C7816[TTYPE] = 1)

Used to calculate the value used for the CWT counter. It represents a value between 0 and 15. This value
is used only when C7816[TTYPE] = 1. See Wait time and guard time parameters .

3–0
BWI

Block Wait Time Integer(C7816[TTYPE] = 1)

Used to calculate the value used for the BWT counter. It represent a value between 0 and 15. This value
is used only when C7816[TTYPE] = 1. See Wait time and guard time parameters .

39.3.27 UART 7816 Wait N Register (UARTx_WN7816)

The WN7816 register contains a parameter that is used in the calculation of the guard
time counter. This register may be read at any time. This register must be written to only
when C7816[ISO_7816E] is not set.

Address: Base address + 1Ch offset

Bit 7 6 5 4 3 2 1 0
Read GTNWrite
Reset 0 0 0 0 0 0 0 0
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UARTx_WN7816 field descriptions

Field Description

7–0
GTN

Guard Band N

Defines a parameter used in the calculation of GT, CGT, and BGT counters. The value represents an
integer number between 0 and 255. See Wait time and guard time parameters .

39.3.28 UART 7816 Wait FD Register (UARTx_WF7816)

The WF7816 contains parameters that are used in the generation of various counters
including GT, CGT, BGT, WT, and BWT. This register may be read at any time. This
register must be written to only when C7816[ISO_7816E] is not set.

Address: Base address + 1Dh offset

Bit 7 6 5 4 3 2 1 0
Read GTFDWrite
Reset 0 0 0 0 0 0 0 1

UARTx_WF7816 field descriptions

Field Description

7–0
GTFD

FD Multiplier

Used as another multiplier in the calculation of WT and BWT. This value represents a number between 1
and 255. The value of 0 is invalid. This value is not used in baud rate generation. See Wait time and guard
time parameters and Baud rate generation .

39.3.29 UART 7816 Error Threshold Register (UARTx_ET7816)

The ET7816 register contains fields that determine the number of NACKs that must be
received or transmitted before the host processor is notified. This register may be read at
anytime. This register must be written to only when C7816[ISO_7816E] is not set.

Address: Base address + 1Eh offset

Bit 7 6 5 4 3 2 1 0
Read TXTHRESHOLD RXTHRESHOLDWrite
Reset 0 0 0 0 0 0 0 0

UARTx_ET7816 field descriptions

Field Description

7–4
TXTHRESHOLD

Transmit NACK Threshold

The value written to this field indicates the maximum number of failed attempts (NACKs) a transmitted
character can have before the host processor is notified. This field is meaningful only when

Table continues on the next page...
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UARTx_ET7816 field descriptions (continued)

Field Description
C7816[TTYPE] = 0 and C7816[ANACK] = 1. The value read from this field represents the number of
consecutive NACKs that have been received since the last successful transmission. This counter
saturates at 4'hF and does not wrap around. Regardless of how many NACKs that are received, the
UART continues to retransmit indefinitely. This flag only asserts when C7816[TTYPE] = 0. For additional
information see the IS7816[TXT] field description.

0 TXT asserts on the first NACK that is received.
1 TXT asserts on the second NACK that is received.

3–0
RXTHRESHOLD

Receive NACK Threshold

The value written to this field indicates the maximum number of consecutive NACKs generated as a result
of a parity error or receiver buffer overruns before the host processor is notified. After the counter exceeds
that value in the field, the IS7816[RXT] is asserted. This field is meaningful only when C7816[TTYPE] = 0.
The value read from this field represents the number of consecutive NACKs that have been transmitted
since the last successful reception. This counter saturates at 4'hF and does not wrap around. Regardless
of the number of NACKs sent, the UART continues to receive valid packets indefinitely. For additional
information, see IS7816[RXT] field description.

39.3.30 UART 7816 Transmit Length Register (UARTx_TL7816)

The TL7816 register is used to indicate the number of characters contained in the block
being transmitted. This register is used only when C7816[TTYPE] = 1. This register may
be read at anytime. This register must be written only when C2[TE] is not enabled.

Address: Base address + 1Fh offset

Bit 7 6 5 4 3 2 1 0
Read TLENWrite
Reset 0 0 0 0 0 0 0 0

UARTx_TL7816 field descriptions

Field Description

7–0
TLEN

Transmit Length

This value plus four indicates the number of characters contained in the block being transmitted. This
register is automatically decremented by 1 for each character in the information field portion of the block.
Additionally, this register is automatically decremented by 1 for the first character of a CRC in the epilogue
field. Therefore, this register must be programmed with the number of bytes in the data packet if an LRC is
being transmitted, and the number of bytes + 1 if a CRC is being transmitted. This register is not
decremented for characters that are assumed to be part of the Prologue field, that is, the first three
characters transmitted in a block, or the LRC or last CRC character in the Epilogue field, that is, the last
character transmitted. This field must be programed or adjusted only when C2[TE] is cleared.
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Chapter 40
Integrated Interchip Sound (I2S) / Synchronous
Audio Interface (SAI)

40.1 Introduction
The I2S (or I2S) module provides a synchronous audio interface (SAI) that supports full-
duplex serial interfaces with frame synchronization such as I2S, AC97, TDM, and codec/
DSP interfaces.

40.1.1 Features
• Transmitter with independent bit clock and frame sync supporting 1 data channel
• Receiver with independent bit clock and frame sync supporting 1 data channel
• Maximum Frame Size of 16 words
• Word size of between 8-bits and 32-bits
• Word size configured separately for first word and remaining words in frame
• Supports graceful restart after FIFO error

40.1.2 Block diagram
The following block diagram also shows the module clocks.

MCF51JG256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 951





40.1.3.3 Debug mode

In Debug mode, the SAI transmitter and/or receiver can continue operating provided the
Debug Enable bit is set. When TCSR[DBGE] or RCSR[DBGE] bit is clear and Debug
mode is entered, the SAI is disabled after completing the current transmit or receive
frame. The transmitter and receiver bit clocks are not affected by Debug mode.

40.2 External signals
Name Function I/O Reset Pull

SAI_TX_BCLK Transmit Bit Clock I/O 0 —

SAI_TX_SYNC Transmit Frame Sync I/O 0 —

SAI_TX_DATA Transmit Data O 0 —

SAI_RX_BCLK Receive Bit Clock I/O 0 —

SAI_RX_SYNC Receive Frame Sync I/O 0 —

SAI_RX_DATA Receive Data I 0 —

SAI_MCLK Audio Master Clock I/O 0 —

40.3 Memory map and register definition
A read or write access to an address after the last register will result in a bus error.

I2S memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_8A00 SAI Transmit Control Register (I2S0_TCSR) 32 R/W 0000_0000h 40.3.1/955

FFFF_8A04 SAI Transmit Configuration 1 Register (I2S0_TCR1) 32 R/W 0000_0000h 40.3.2/958

FFFF_8A08 SAI Transmit Configuration 2 Register (I2S0_TCR2) 32 R/W 0000_0000h 40.3.3/958

FFFF_8A0C SAI Transmit Configuration 3 Register (I2S0_TCR3) 32 R/W 0000_0000h 40.3.4/959

FFFF_8A10 SAI Transmit Configuration 4 Register (I2S0_TCR4) 32 R/W 0000_0000h 40.3.5/960

FFFF_8A14 SAI Transmit Configuration 5 Register (I2S0_TCR5) 32 R/W 0000_0000h 40.3.6/962

FFFF_8A20 SAI Transmit Data Register (I2S0_TDR0) 32
W

(always
reads 0)

0000_0000h 40.3.7/962

FFFF_8A40 SAI Transmit FIFO Register (I2S0_TFR0) 32 R 0000_0000h 40.3.8/963

FFFF_8A60 SAI Transmit Mask Register (I2S0_TMR) 32 R/W 0000_0000h 40.3.9/963

Table continues on the next page...
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40.3.1 SAI Transmit Control Register (I2Sx_TCSR)
Address: FFFF_8A00h base + 0h offset = FFFF_8A00h

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

R

TE

S
TO

P
E

D
B

G
E

BCE

0 0

SR

0

W
S

F

SEF FEF

FW
F

FRF

W FR w1c w1c w1c

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R 0

WSIE SEIE FEIE FWIE FRIE

0 0

FW
D

E

FRDE

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

I2Sx_TCSR field descriptions

Field Description

31
TE

Transmitter Enable

Enables/disables the transmitter. When software clears this field, the transmitter remains enabled, and this
bit remains set, until the end of the current frame.

0 Transmitter is disabled.
1 Transmitter is enabled, or transmitter has been disabled and has not yet reached end of frame.

30
STOPE

Stop Enable

Configures transmitter operation in Stop mode. This field is ignored and the transmitter is disabled in all
stop modes.

0 Transmitter disabled in Stop mode.
1 Transmitter enabled in Stop mode.

29
DBGE

Debug Enable

Table continues on the next page...
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I2Sx_TCSR field descriptions (continued)

Field Description
Enables/disables DMA requests.

0 Disables the DMA request.
1 Enables the DMA request.

0
FRDE

FIFO Request DMA Enable

Enables/disables DMA requests.

0 Disables the DMA request.
1 Enables the DMA request.

40.3.2 SAI Transmit Configuration 1 Register (I2Sx_TCR1)
Address: FFFF_8A00h base + 4h offset = FFFF_8A04h

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

R 0 TFW
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

I2Sx_TCR1 field descriptions

Field Description

31–2
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

1–0
TFW

Transmit FIFO Watermark

Configures the watermark level for all enabled transmit channels.

40.3.3 SAI Transmit Configuration 2 Register (I2Sx_TCR2)

This register must not be altered when TCSR[TE] is set.

Address: FFFF_8A00h base + 8h offset = FFFF_8A08h

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

R 0 CLKMODE BCP BCD 0
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R 0 DIV
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Memory map and register definition
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I2Sx_TCR2 field descriptions

Field Description

31–28
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

27–26
CLKMODE

Clocking mode

When configured for external bit clock configures for asynchronous or synchronous operation. When
configured for internal bit clock, selects the Audio Master Clock used to generate the internal bit clock.

00 Asynchronous mode (external bit clock) or Bus Clock selected (internal bit clock).
01 Synchronous with receiver (external bit clock) or Master Clock 1 selected (internal bit clock).
10 Synchronous with another SAI transmitter (external bit clock) or Master Clock 2 selected (internal bit

clock).
11 Synchronous with another SAI receiver (external bit clock) or Master Clock 3 selected (internal bit

clock).

25
BCP

Bit Clock Polarity

Configures the polarity of the bit clock.

0 Bit clock is active high with drive outputs on rising edge and sample inputs on falling edge.
1 Bit clock is active low with drive outputs on falling edge and sample inputs on rising edge.

24
BCD

Bit Clock Direction

Configures the direction of the bit clock.

0 Bit clock is generated externally in Slave mode.
1 Bit clock is generated internally in Master mode.

23–8
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

7–0
DIV

Bit Clock Divide

Divides down the audio master clock to generate the bit clock when configured for an internal bit clock.
The division value is (DIV + 1) * 2.

40.3.4 SAI Transmit Configuration 3 Register (I2Sx_TCR3)

This register must not be altered when TCSR[TE] is set.

Address: FFFF_8A00h base + Ch offset = FFFF_8A0Ch

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

R 0 0 TCE
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R 0 WDFL
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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I2Sx_TCR3 field descriptions

Field Description

31–24
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

23–17
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

16
TCE

Transmit Channel Enable

Enables the corresponding data channel for transmit operation. A channel must be enabled before its
FIFO is accessed.

0 Transmit data channel N is disabled.
1 Transmit data channel N is enabled.

15–4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

3–0
WDFL

Word Flag Configuration

Configures which word sets the start of word flag. The value written must be one less than the word
number. For example, writing 0 configures the first word in the frame. When configured to a value greater
than TCR4[FRSZ], then the start of word flag is never set.

40.3.5 SAI Transmit Configuration 4 Register (I2Sx_TCR4)

This register must not be altered when TCSR[TE] is set.

Address: FFFF_8A00h base + 10h offset = FFFF_8A10h

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

R 0 0 0 0 0 FRSZ
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R 0 SYWD 0 MF FSE 0 FSP FSD
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

I2Sx_TCR4 field descriptions

Field Description

31–29
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

28
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

27–26
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

25–24
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

Table continues on the next page...

Memory map and register definition

MCF51JG256 Reference Manual, Rev. 1, 01/2013

960 Freescale Semiconductor, Inc.





40.3.6 SAI Transmit Configuration 5 Register (I2Sx_TCR5)

This register must not be altered when TCSR[TE] is set.

Address: FFFF_8A00h base + 14h offset = FFFF_8A14h

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

R 0 WNW 0 W0W 0 FBT 0
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

I2Sx_TCR5 field descriptions

Field Description

31–29
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

28–24
WNW

Word N Width

Configures the number of bits in each word, for each word except the first in the frame. The value written
must be one less than the number of bits per word. Word width of less than 8 bits is not supported.

23–21
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

20–16
W0W

Word 0 Width

Configures the number of bits in the first word in each frame. The value written must be one less than the
number of bits in the first word. Word width of less than 8 bits is not supported if there is only one word per
frame.

15–13
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

12–8
FBT

First Bit Shifted

Configures the bit index for the first bit transmitted for each word in the frame. If configured for MSB First,
the index of the next bit transmitted is one less than the current bit transmitted. If configured for LSB First,
the index of the next bit transmitted is one more than the current bit transmitted. The value written must be
greater than or equal to the word width when configured for MSB First. The value written must be less
than or equal to 31-word width when configured for LSB First.

7–0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

40.3.7 SAI Transmit Data Register (I2Sx_TDRn)
Address: FFFF_8A00h base + 20h offset + (4d × i), where i=0d to 0d

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

R 0

W TDR[31:0]

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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I2Sx_TDRn field descriptions

Field Description

31–0
TDR[31:0]

Transmit Data Register

The corresponding TCR3[TCE] bit must be set before accessing the channel's transmit data register.
Writes to this register when the transmit FIFO is not full will push the data written into the transmit data
FIFO. Writes to this register when the transmit FIFO is full are ignored.

40.3.8 SAI Transmit FIFO Register (I2Sx_TFRn)

The MSB of the read and write pointers is used to distinguish between FIFO full and
empty conditions. If the read and write pointers are identical, then the FIFO is empty. If
the read and write pointers are identical except for the MSB, then the FIFO is full.

Address: FFFF_8A00h base + 40h offset + (4d × i), where i=0d to 0d

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

R 0 0 WFP

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R 0 RFP

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

I2Sx_TFRn field descriptions

Field Description

31
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

30–19
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

18–16
WFP

Write FIFO Pointer

FIFO write pointer for transmit data channel.

15–3
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

2–0
RFP

Read FIFO Pointer

FIFO read pointer for transmit data channel.

40.3.9 SAI Transmit Mask Register (I2Sx_TMR)

This register is double-buffered and updates:
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1. When TCSR[TE] is first set
2. At the end of each frame.

This allows the masked words in each frame to change from frame to frame.

Address: FFFF_8A00h base + 60h offset = FFFF_8A60h

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

R 0 TWM
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

I2Sx_TMR field descriptions

Field Description

31–16
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

15–0
TWM

Transmit Word Mask

Configures whether the transmit word is masked (transmit data pin tristated and transmit data not read
from FIFO) for the corresponding word in the frame.

0 Word N is enabled.
1 Word N is masked. The transmit data pins are tri-stated when masked.

Memory map and register definition
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40.3.10 SAI Receive Control Register (I2Sx_RCSR)
Address: FFFF_8A00h base + 80h offset = FFFF_8A80h

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

R

RE

S
TO

P
E

D
B

G
E

BCE

0 0

SR

0

W
S

F

SEF FEF

FW
F

FRF

W FR w1c w1c w1c

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R 0

WSIE SEIE FEIE FWIE FRIE

0 0

FW
D

E

FRDE

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

I2Sx_RCSR field descriptions

Field Description

31
RE

Receiver Enable

Enables/disables the receiver. When software clears this field, the receiver remains enabled, and this bit
remains set, until the end of the current frame.

0 Receiver is disabled.
1 Receiver is enabled, or receiver has been disabled and has not yet reached end of frame.

30
STOPE

Stop Enable

Configures receiver operation in Stop mode. This bit is ignored and the receiver is disabled in all stop
modes.

0 Receiver disabled in Stop mode.
1 Receiver enabled in Stop mode.

29
DBGE

Debug Enable

Table continues on the next page...
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I2Sx_RCSR field descriptions (continued)

Field Description
0 Disables the DMA request.
1 Enables the DMA request.

0
FRDE

FIFO Request DMA Enable

Enables/disables DMA requests.

0 Disables the DMA request.
1 Enables the DMA request.

40.3.11 SAI Receive Configuration 1 Register (I2Sx_RCR1)
Address: FFFF_8A00h base + 84h offset = FFFF_8A84h

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

R 0 RFW
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

I2Sx_RCR1 field descriptions

Field Description

31–2
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

1–0
RFW

Receive FIFO Watermark

Configures the watermark level for all enabled receiver channels.

40.3.12 SAI Receive Configuration 2 Register (I2Sx_RCR2)

This register must not be altered when RCSR[RE] is set.

Address: FFFF_8A00h base + 88h offset = FFFF_8A88h

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

R 0 CLKMODE BCP BCD 0
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R 0 DIV
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Memory map and register definition
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I2Sx_RCR2 field descriptions

Field Description

31–28
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

27–26
CLKMODE

Clocking Mode

When configured for external bit clock, this field configures for asynchronous or synchronous operation.
When configured for internal bit clock, this field selects the audio master clock used to generate the
internal bit clock. See the chip configuration details for information about the availability of these options.

00 Asynchronous mode (external bit clock) or Bus Clock selected (internal bit clock).
01 Synchronous with transmitter (external bit clock) or Master Clock 1 selected (internal bit clock).
10 Synchronous with another SAI receiver (external bit clock) or Master Clock 2 selected (internal bit

clock).
11 Synchronous with another SAI transmitter (external bit clock) or Master Clock 3 selected (internal bit

clock).

25
BCP

Bit Clock Polarity

Configures the polarity of the bit clock.

0 Bit Clock is active high with drive outputs on rising edge and sample inputs on falling edge.
1 Bit Clock is active low with drive outputs on falling edge and sample inputs on rising edge.

24
BCD

Bit Clock Direction

Configures the direction of the bit clock.

0 Bit clock is generated externally in Slave mode.
1 Bit clock is generated internally in Master mode.

23–8
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

7–0
DIV

Bit Clock Divide

Divides down the audio master clock to generate the bit clock when configured for an internal bit clock.
The division value is (DIV + 1) * 2.

40.3.13 SAI Receive Configuration 3 Register (I2Sx_RCR3)

This register must not be altered when RCSR[RE] is set.

Address: FFFF_8A00h base + 8Ch offset = FFFF_8A8Ch

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

R 0 0 RCE
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R 0 WDFL
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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I2Sx_RCR3 field descriptions

Field Description

31–24
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

23–17
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

16
RCE

Receive Channel Enable

Enables the corresponding data channel for receive operation. A channel must be enabled before its FIFO
is accessed.

0 Receive data channel N is disabled.
1 Receive data channel N is enabled.

15–4
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

3–0
WDFL

Word Flag Configuration

Configures which word the start of word flag is set. The value written should be one less than the word
number (for example, write zero to configure for the first word in the frame). When configured to a value
greater than the Frame Size field, then the start of word flag is never set.

40.3.14 SAI Receive Configuration 4 Register (I2Sx_RCR4)

This register must not be altered when RCSR[RE] is set.

Address: FFFF_8A00h base + 90h offset = FFFF_8A90h

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

R 0 0 0 0 0 FRSZ
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R 0 SYWD 0 MF FSE 0 FSP FSD
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

I2Sx_RCR4 field descriptions

Field Description

31–29
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

28
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

27–26
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

25–24
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

Table continues on the next page...
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40.3.15 SAI Receive Configuration 5 Register (I2Sx_RCR5)

This register must not be altered when RCSR[RE] is set.

Address: FFFF_8A00h base + 94h offset = FFFF_8A94h

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

R 0 WNW 0 W0W 0 FBT 0
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

I2Sx_RCR5 field descriptions

Field Description

31–29
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

28–24
WNW

Word N Width

Configures the number of bits in each word, for each word except the first in the frame. The value written
must be one less than the number of bits per word. Word width of less than 8 bits is not supported.

23–21
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

20–16
W0W

Word 0 Width

Configures the number of bits in the first word in each frame. The value written must be one less than the
number of bits in the first word. Word width of less than 8 bits is not supported if there is only one word per
frame.

15–13
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

12–8
FBT

First Bit Shifted

Configures the bit index for the first bit received for each word in the frame. If configured for MSB First, the
index of the next bit received is one less than the current bit received. If configured for LSB First, the index
of the next bit received is one more than the current bit received. The value written must be greater than or
equal to the word width when configured for MSB First. The value written must be less than or equal to 31-
word width when configured for LSB First.

7–0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

40.3.16 SAI Receive Data Register (I2Sx_RDRn)

Reading this register introduces one additional peripheral clock wait state on each read.

Address: FFFF_8A00h base + A0h offset + (4d × i), where i=0d to 0d

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

R RDR[31:0]

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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I2Sx_RDRn field descriptions

Field Description

31–0
RDR[31:0]

Receive Data Register

The corresponding RCR3[RCE] bit must be set before accessing the channel's receive data register.
Reads from this register when the receive FIFO is not empty will return the data from the top of the receive
FIFO. Reads from this register when the receive FIFO is empty are ignored.

40.3.17 SAI Receive FIFO Register (I2Sx_RFRn)

The MSB of the read and write pointers is used to distinguish between FIFO full and
empty conditions. If the read and write pointers are identical, then the FIFO is empty. If
the read and write pointers are identical except for the MSB, then the FIFO is full.

Address: FFFF_8A00h base + C0h offset + (4d × i), where i=0d to 0d

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

R 0 WFP

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R 0 0 RFP

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

I2Sx_RFRn field descriptions

Field Description

31–19
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

18–16
WFP

Write FIFO Pointer

FIFO write pointer for receive data channel.

15
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

14–3
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

2–0
RFP

Read FIFO Pointer

FIFO read pointer for receive data channel.

40.3.18 SAI Receive Mask Register (I2Sx_RMR)

This register is double-buffered and updates:
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1. When RCSR[RE] is first set
2. At the end of each frame

This allows the masked words in each frame to change from frame to frame.

Address: FFFF_8A00h base + E0h offset = FFFF_8AE0h

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

R 0 RWM
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

I2Sx_RMR field descriptions

Field Description

31–16
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

15–0
RWM

Receive Word Mask

Configures whether the receive word is masked (received data ignored and not written to receive FIFO) for
the corresponding word in the frame.

0 Word N is enabled.
1 Word N is masked.

40.3.19 SAI MCLK Control Register (I2Sx_MCR)

The MCLK Control Register (MCR) controls the clock source and direction of the audio
master clock.

Address: FFFF_8A00h base + 100h offset = FFFF_8B00h

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

R DUF
MOE

0
MICS

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

I2Sx_MCR field descriptions

Field Description

31
DUF

Divider Update Flag

Provides the status of on-the-fly updates to the MCLK divider ratio.

Table continues on the next page...
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I2Sx_MCR field descriptions (continued)

Field Description
0 MCLK divider ratio is not being updated currently.
1 MCLK divider ratio is updating on-the-fly. Further updates to the MCLK divider ratio are blocked while

this flag remains set.

30
MOE

MCLK Output Enable

Enables the MCLK divider and configures the MCLK signal pin as an output. When software clears this
field, it remains set until the MCLK divider is fully disabled.

0 MCLK signal pin is configured as an input that bypasses the MCLK divider.
1 MCLK signal pin is configured as an output from the MCLK divider and the MCLK divider is enabled.

29–26
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

25–24
MICS

MCLK Input Clock Select

Selects the clock input to the MCLK divider. This field cannot be changed while the MCLK divider is
enabled. See the chip configuration details for information about the connections to these inputs.

00 MCLK divider input clock 0 selected.
01 MCLK divider input clock 1 selected.
10 MCLK divider input clock 2 selected.
11 MCLK divider input clock 3 selected.

23–0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

40.3.20 SAI MCLK Divide Register (I2Sx_MDR)

The MCLK Divide Register (MDR) configures the MCLK divide ratio. Although the
MDR can be changed when the MCLK divider clock is enabled, additional writes to the
MDR are blocked while MCR[DUF] is set. Writes to the MDR when the MCLK divided
clock is disabled do not set MCR[DUF].

Address: FFFF_8A00h base + 104h offset = FFFF_8B04h

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

R 0 FRACT DIVIDE
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

I2Sx_MDR field descriptions

Field Description

31–20
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

19–12
FRACT

MCLK Fraction

Sets the MCLK divide ratio such that: MCLK output = MCLK input * ( (FRACT + 1) / (DIVIDE + 1) ).
FRACT must be set equal or less than the value in the DIVIDE field.

Table continues on the next page...
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Chapter 41
Rapid GPIO (RGPIO)

41.1 Introduction
The Rapid GPIO (RGPIO) module provides a 16-bit general-purpose I/O module directly
connected to the processor's high-speed 32-bit local bus. This connection plus support for
single-cycle, zero wait-state data transfers allows the RGPIO module to provide
improved pin performance when compared to more traditional GPIO modules located on
the internal slave peripheral bus.

Many of the pins associated with a device may be used for several different functions.
Their primary functions are to provide external interfaces to access off-chip resources.
When not used for their primary function, many of the pins may be used as general-
purpose digital I/O (GPIO) pins. The definition of the exact pin functions and the affected
signals is specific to each device. Every GPIO port, including the RGPIO module, has
registers that configure, monitor, and control the port pins.

Note

Most pin functions default to GPIO and must be software
configured before using RGPIO.

41.1.1 Overview
The RGPIO module provides 16-bits of high-speed GPIO functionality, mapped to the
processor's bus. The key features of this module include:

• 16 bits of high-speed GPIO functionality connected to the processor's local 32-bit
bus

• Memory-mapped device connected to the ColdFire core's local bus
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External Signal Description

41.2.1 Overview
As shown in Figure 41-1, the RGPIO module's interface to external logic is indirect via
the device pin-muxing and pad logic. The following table shows a list of the associated
RGPIO input/output signals.

Table 41-1. RGPIO Module External I/O Signals

Signal Name Type Description

RGPIO[15:0] I/O RGPIO Data Input/Output

41.2.2 Detailed Signal Descriptions
The following table provides descriptions of the RGPIO module's input and output
signals.

Table 41-2. RGPIO Detailed Signal Descriptions

Signal I/O Description

RGPIO[15:0] I/O Data Input/Output. When configured as an input, the state of this signal is reflected in
the read data register. When configured as an output, this signal is the output of the

write data register.

State
Meaning

Asserted—

Input: Indicates the RGPIO pin was sampled as a logic high at the
time of the read.

Output: Indicates a properly-enabled RGPIO output pin is to be
driven high.

Negated—

Input: Indicates the RGPIO pin was sampled as a logic low at the
time of the read.

Output: Indicates a properly-enabled RGPIO output pin is to be
driven low.

Timing Assertion/Negation—

Input: Anytime. The input signal is sampled at the rising-edge of the
processor's high-speed clock on the data phase cycle of a read
transfer of this register.

Output: Occurs at the rising-edge of the processor's high-speed
clock on the data phase cycle of a write transfer to this register. This
output is asynchronously cleared by system reset.

41.2

External Signal Description
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Memory Map and Registers

The RGPIO module provides a compact 16-byte programming model based at a system
memory address of 0x(00)C0_0000 (noted as RGPIO_BASE throughout the chapter).
The programming model views are different between reads and writes to enable
simplified software for manipulating the RGPIO pins.

Additionally, the RGPIO programming model is defined with a 32-bit organization. The
basic size of each program-visible register is 16 bits, but the programming model may be
referenced using byte (8-bit), word (16-bit) or longword (32-bit) accesses. Performance is
typically maximized using 32-bit accesses.

NOTE
Writes to the two-byte fields at RGPIO_BASE + 0x8 and
RGPIO_BASE + 0xC are allowed, but do not affect any
program-visible register within the RGPIO module.

RGPIO memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

C0_0000 RGPIO Data Direction Register (RGPIO_DIR) 16 R/W 0000h 41.3.1/989

C0_0002 RGPIO Data Register (RGPIO_DATA) 16 R/W 0000h 41.3.2/990

C0_0004 RGPIO Pin Enable Register (RGPIO_ENB) 16 R/W 0000h 41.3.3/991

C0_0006 RGPIO Clear Data Register (RGPIO_CLR) 16 W Undefined 41.3.4/992

C0_0008 RGPIO Data Direction Register (RGPIO_DIR) 16 R 0000h 41.3.5/992

C0_000A RGPIO Set Data Register (RGPIO_SET) 16 W Undefined 41.3.6/993

C0_000C RGPIO Data Direction Register (RGPIO_DIR) 16 R 0000h 41.3.7/993

C0_000E RGPIO Toggle Data Register (RGPIO_TOG) 16 W Undefined 41.3.8/994

41.3.1 RGPIO Data Direction Register (RGPIO_DIR)
The read/write RGPIO_DIR register defines whether a properly-enabled RGPIO pin is
configured as an input or output:

• Setting any bit in RGPIO_DIR configures a properly-enabled RGPIO port pin as an
output

• Clearing any bit in RGPIO_DIR configures a properly-enabled RGPIO port pin as an
input

At reset, all bits in the RGPIO_DIR are cleared.

41.3
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Address: C0_0000h base + 0h offset = C0_0000h

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

RGPIO_DIR field descriptions

Field Description

15–0
DIR

Data direction

0 A properly-enabled RGPIO pin is configured as an input.
1 A properly-enabled RGPIO pin is configured as an output.

41.3.2 RGPIO Data Register (RGPIO_DATA)

The read/write RGPIO_DATA register specifies the write data for a properly-enabled
RGPIO output pin or the sampled read data value for a properly-enabled pin. An
attempted read of the RGPIO_DATA register returns undefined data for disabled pins
because the data value depends on the chip-level pin muxing and pad implementation. At
reset, all bits in the RGPIO_DATA registers are cleared.

To set bits in the RGPIO_DATA register, directly set the RGPIO_DATA bits or set the
corresponding bits in the RGPIO_SET register. To clear bits in the RGPIO_DATA
register, directly clear the RGPIO_DATA bits or clear the corresponding bits in the
RGPIO_CLR register. Setting a bit in the RGPIO_TOG register inverts (toggles) the state
of the corresponding bit in the RGPIO_DATA register.

As shown in Figure 41-1, the rgpio_data_in value is registered using the contents of the
rgpio_data input bus. For situations where the data direction specifies driving the pins
from the rpgio_data_out register, the rgpio_data_in register value is delayed by one
cycle following an update of the write data register. This consecutive sequence is an
inherent read-after-write data hazard that can occur with consecutive BCHG instructions
and any other operand read following an operand write. Application code must be aware
that operand reads of the RGPIO_DATA register immediately (on the next cycle) after an
operand write to the RGPIO_DATA register may return a stale value. To prevent this
consecutive cycle read-after-write sequence and the corresponding stale data value in
RGPIO_DATA, insert a "TPF" instruction (opcode = 0x51FC) between the write and
read operations to guarantee the updated value is read.

Address: C0_0000h base + 2h offset = C0_0002h

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

Memory Map and Registers
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RGPIO_DATA field descriptions

Field Description

15–0
DATA

RGPIO data

0 A properly-enabled RGPIO output pin is driven with a logic 0, or a properly-enabled RGPIO pin was
read as a logic 0.

1 A properly-enabled RGPIO output pin is driven with a logic 1, or a properly-enabled RGPIO pin was
read as a logic 1.

41.3.3 RGPIO Pin Enable Register (RGPIO_ENB)

The read/write RGPIO_ENB register configures the corresponding package pin as an
RGPIO pin instead of the normal GPIO pin mapped onto the peripheral bus.

At reset, all bits in the RGPIO_ENB register are cleared, disabling the RGPIO
functionality.

Address: C0_0000h base + 4h offset = C0_0004h

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

RGPIO_ENB field descriptions

Field Description

15–0
ENB

Enable pin for RGPIO

0 The corresponding package pin is configured for use as a normal GPIO pin, not an RGPIO pin.
1 The corresponding package pin is configured for use as an RGPIO pin.
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41.3.4 RGPIO Clear Data Register (RGPIO_CLR)

The RGPIO_CLR register provides a mechanism to clear specific bits in the
RGPIO_DATA by performing a simple write. Clearing a bit in RGPIO_CLR clears the
corresponding bit in the RGPIO_DATA register. Setting it has no effect. The
RGPIO_CLR register is write-only; reads of this address return the RGPIO_DATA
register.

Address: C0_0000h base + 6h offset = C0_0006h

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

Read

Write CLR

Reset x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

RGPIO_CLR field descriptions

Field Description

15–0
CLR

Clear data

0 Clears the corresponding bit in the RGPIO_DATA register.
1 No effect.

41.3.5 RGPIO Data Direction Register (RGPIO_DIR)

Reading this read-only register returns the value of the RGPIO_DIR register at offset 0h.

Address: C0_0000h base + 8h offset = C0_0008h

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

Read DIR

Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RGPIO_DIR field descriptions

Field Description

15–0
DIR

Data direction

0 A properly-enabled RGPIO pin is configured as an input.
1 A properly-enabled RGPIO pin is configured as an output.

Memory Map and Registers
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41.3.6 RGPIO Set Data Register (RGPIO_SET)

The RGPIO_SET register provides a mechanism to set specific bits in the RGPIO_DATA
register by performing a simple write. Setting a bit in RGPIO_SET asserts the
corresponding bit in the RGPIO_DATA register. Clearing it has no effect. The
RGPIO_SET register is write-only; reads of this address return the RGPIO_DATA
register.

Address: C0_0000h base + Ah offset = C0_000Ah

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

Read

Write SET

Reset x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

RGPIO_SET field descriptions

Field Description

15–0
SET

Set data

0 No effect.
1 Sets the corresponding bit in the RGPIO_DATA register.

41.3.7 RGPIO Data Direction Register (RGPIO_DIR)

Reading this read-only register returns the value of the RGPIO_DIR register at offset 0h.

Address: C0_0000h base + Ch offset = C0_000Ch

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

Read DIR

Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RGPIO_DIR field descriptions

Field Description

15–0
DIR

Data direction

0 A properly-enabled RGPIO pin is configured as an input.
1 A properly-enabled RGPIO pin is configured as an output.

Chapter 41 Rapid GPIO (RGPIO)

MCF51JG256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 993



41.3.8 RGPIO Toggle Data Register (RGPIO_TOG)

The RGPIO_TOG register provides a mechanism to invert (toggle) specific bits in the
RGPIO_DATA register by performing a simple write. Setting a bit in RGPIO_TOG
inverts the corresponding bit in the RGPIO_DATA register. Clearing it has no effect. The
RGPIO_TOG register is write-only; reads of this address return the RGPIO_DATA
register.

Address: C0_0000h base + Eh offset = C0_000Eh

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

Read

Write TOG

Reset x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x*

* Notes:
x = Undefined at reset.•

RGPIO_TOG field descriptions

Field Description

15–0
TOG

Toggle data

0 No effect
1 Inverts the corresponding bit in RGPIO_DATA

41.4 Functional Description
The RGPIO module is a relatively-simple design with its behavior controlled by the
program-visible registers defined within its programming model.

The RGPIO module is connected to the processor's local two-stage pipelined bus with the
stages of the ColdFire core's operand execution pipeline (OEP) mapped directly onto the
bus. This structure allows the processor access to the RGPIO module for single-cycle
pipelined reads and writes with a zero wait-state response (as viewed in the system bus
data phase stage).

Functional Description
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Chapter 42
Enhanced GPIO (EGPIO)

42.1 Introduction
This section explains software controls related to parallel input/output (I/O) and pin
control. Refer to the device's data sheet for more information about pin assignments and
external hardware considerations for these pins.

In addition to standard I/O port functionality, some ports have set, clear, and toggle
functions that are integrated as part of the ColdFire core itself to improve edge resolution
on those pins. For additional information, see the Functional description and the
description of Rapid GPIO (RGPIO). Refer to Port Mux details to identify the specific
ports that have this additional RGPIO functionality.

Many port pins are shared with on-chip peripherals such as timer systems,
communication systems, or keyboard interrupts as shown in Figure 42-1. The peripheral
modules have priority over general-purpose I/O functions. When a peripheral is enabled,
the I/O functions associated with the shared pins may be disabled.

After reset, the shared peripheral functions are disabled and the pins are configured as
inputs (each PTDDn bit is 0). The pin control functions for each pin are configured as
follows: slew rate control is disabled (each PTSREn bit is 0), low drive strength is
selected (each PTDSn bit is 0), and internal pulls are disabled (each PTPUEn bit is 0).

Note

Not all general-purpose I/O pins are available on all packages.
To avoid extra current drain from floating input pins, the user's
reset initialization routine in the application program must
either enable on-chip pullup devices or change the direction of
unconnected pins to outputs, so the pins do not float.
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42.2.2.2 Operation in stop mode

The pin interrupt function operates asynchronously in stop mode if enabled before
execution of the STOP instruction. Therefore, an enabled interrupt pin (the corresponding
PTIPEn bit is 1) can be used to bring the MCU out of stop mode if the interrupt of
EGPIO is enabled (the PTIE bit is 1) and either the digital filter on this pin is disabled
(bypass mode) or the digital filter continues to operate on the LPO clock.

The digital filter continues to operate if it is enabled and the LPO clock is selected for
digital filtering before entry to stop mode.

42.2.2.3 Operation in active background mode

When the MCU is in active background mode, all EGPIO functions continue to operate
normally.

Memory Map and Registers

NOTE
Port D has only 5 pins available. As a result, in port D's PUE
register, you can program only bits 4-0; reading bits 7-5 returns
0, and writing data to bits 7-5 has no effect. The reset value of
port D's PUE register is 1Fh.

PCTL memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_8620 Port Pulling Enable Register (PCTLA_PUE) 8 R/W 00h 42.3.1/1004

FFFF_8621 Port Pullup/Pulldown Select Register (PCTLA_PUS) 8 R/W 00h 42.3.2/1004

FFFF_8622 Port Drive Strength Enable Register (PCTLA_DS) 8 R/W 00h 42.3.3/1005

FFFF_8623 Port Slew Rate Enable Register (PCTLA_SRE) 8 R/W 00h 42.3.4/1005

FFFF_8624 Port Passive Filter Enable Register (PCTLA_PFE) 8 R/W FFh 42.3.5/1006

FFFF_8625 Port Interrupt Control Register (PCTLA_IC) 8 R/W 00h 42.3.6/1006

FFFF_8626 Port Interrupt Pin Enable Register (PCTLA_IPE) 8 R/W 00h 42.3.7/1007

FFFF_8627 Port Interrupt Flag Register (PCTLA_IF) 8 R/W 00h 42.3.8/1007

FFFF_8628 Interrupt Edge Select Register (PCTLA_IES) 8 R/W 00h 42.3.9/1008

Table continues on the next page...

42.3
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PCTL memory map (continued)

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_8659 Port Digital Filter Enable Register (PCTLD_DFE) 8 R/W 00h 42.3.10/
1008

FFFF_865A Port Digital Filter Control Register (PCTLD_DFC) 8 R/W 00h 42.3.11/
1009

42.3.1 Port Pulling Enable Register (PCTLx_PUE)
Address: Base address + 0h offset

Bit 7 6 5 4 3 2 1 0
Read PTPUE[7:0]Write
Reset 0 0 0 0 0 0 0 0

PCTLx_PUE field descriptions

Field Description

7–0
PTPUE[7:0]

Port internal pulling enable bits

Each pin has a pullup and pulldown resistor associated with it. For port pins that are not configured as
inputs, these bits have no effect and the internal pull resistors are disabled.

If there is no special note or description for the module that controls the pin whether a pulling resistor is
enabled for the module, it is decided by the associated PUE bit.

0 Pulling resistor is disabled.
1 Pulling resistor is enabled.

42.3.2 Port Pullup/Pulldown Select Register (PCTLx_PUS)
Address: Base address + 1h offset

Bit 7 6 5 4 3 2 1 0
Read PTPUS[7:0]Write
Reset 0 0 0 0 0 0 0 0

PCTLx_PUS field descriptions

Field Description

7–0
PTPUS[7:0]

Port pullup/pulldown select bits

Each bit selects the pullup or pulldown resistor enabled by the corresponding PUE bit. For port pins that
are not configured as inputs, these bits have no effect.

If there is no special note or description for the module that controls the pin, the selection of pullup/
pulldown is decided by the associated PUS bit.

Memory Map and Registers
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PCTLx_PUS field descriptions (continued)

Field Description
0 Pulldown resistor is selected.
1 Pullup resistor is selected.

42.3.3 Port Drive Strength Enable Register (PCTLx_DS)
Address: Base address + 2h offset

Bit 7 6 5 4 3 2 1 0
Read PTDS[7:0]Write
Reset 0 0 0 0 0 0 0 0

PCTLx_DS field descriptions

Field Description

7–0
PTDS[7:0]

Port output drive strength control bits

Each of these control bits selects between low and high output drive for the associated port pin. For port
pins that are configured as inputs, these bits have no effect.

0 Low output drive strength selected.
1 High output drive strength selected.

42.3.4 Port Slew Rate Enable Register (PCTLx_SRE)
Address: Base address + 3h offset

Bit 7 6 5 4 3 2 1 0
Read PTSRE[7:0]Write
Reset 0 0 0 0 0 0 0 0

PCTLx_SRE field descriptions

Field Description

7–0
PTSRE[7:0]

Port output slow rate enable bits

Each of these control bits determines whether the output slew rate control is enabled for the associated
port pin. For port pins that are not configured as outputs, these bits have no effect.

0 Slew rate control disabled.
1 Slew rate control enabled.
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42.3.5 Port Passive Filter Enable Register (PCTLx_PFE)

The PFE register enables control of the input low-pass filter on the pad. The filter is
enabled by setting the bit corresponding to a given pin. When set high, a low pass filter
(10 MHz to 30 MHz bandwidth) is enabled in the logic input path. When set low, the
filter is bypassed.

The filter is enabled during and after reset by setting the associated PTPFE bit. The filter
is disabled through software control by clearing the associated PTPFE bit.

Address: Base address + 4h offset

Bit 7 6 5 4 3 2 1 0
Read PTPFE[7:0]Write
Reset 1 1 1 1 1 1 1 1

PCTLx_PFE field descriptions

Field Description

7–0
PTPFE[7:0]

Port passive input filter enable bits

These bits enable control of input low-pass filters for port pins. For port pins not configured as inputs,
these bits have no effect.

0 Input low-pass filter on pad disabled.
1 Input low-pass filter on pad enabled.

42.3.6 Port Interrupt Control Register (PCTLx_IC)
Address: Base address + 5h offset

Bit 7 6 5 4 3 2 1 0

Read PTDMAEN 0 PTIE PTMOD
Write
Reset 0 0 0 0 0 0 0 0

PCTLx_IC field descriptions

Field Description

7
PTDMAEN

DMA enable

Determines whether the pin DMA request is enabled. If it is enabled, the pin DMA request is asserted
when an interrupt flag of any pin is set (at least one bit of the IF register is set). Meanwhile, a synchronous
interrupt from the IF register is disabled if this bit is set.

0 Pin DMA request is disabled and synchronous interrupt from IF is allowed.
1 Pin DMA request is enabled and synchronous interrupt from IF is disabled.

Table continues on the next page...
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PCTLx_IC field descriptions (continued)

Field Description

6–2
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

1
PTIE

Interrupt enable

Determines whether a pin interrupt is requested to the CPU.

0 Pin interrupt request not enabled.
1 Pin interrupt request enabled.

0
PTMOD

Direction mode for pin interrupt

This bit (along with the EDG bits) controls the detection mode of the pin interrupt for pins.

0 Pin interrupt detects edges only.
1 Pin interrupt detects both edges and levels.

42.3.7 Port Interrupt Pin Enable Register (PCTLx_IPE)

This register's bits enable control of pin interrupts.

Address: Base address + 6h offset

Bit 7 6 5 4 3 2 1 0
Read PTIPE[7:0]Write
Reset 0 0 0 0 0 0 0 0

PCTLx_IPE field descriptions

Field Description

7–0
PTIPE[7:0]

Interrupt pin enables

Each PTIPE bit enables the corresponding pin for a pin interrupt.

NOTE: For PCTLA_IPE , bit 0 and bit 4 should be written as zero only .

NOTE: For PCTLC_IPE , bit 6 should be wriiten as zero only .

0 Pin not enabled for pin interrupt.
1 Pin enabled for pin interrupt.

42.3.8 Port Interrupt Flag Register (PCTLx_IF)

This register contains the interrupt flag bits for pin interrupts.

Address: Base address + 7h offset

Bit 7 6 5 4 3 2 1 0
Read PTIF[7:0]Write
Reset 0 0 0 0 0 0 0 0
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PCTLx_IF field descriptions

Field Description

7–0
PTIF[7:0]

Interrupt flags

Indicate whether a pin interrupt condition is detected on each input pin if the interrupt is enabled by the
associated PTIPE bit. Writing 1 to one bit clears the associated PTIF bit if it is set.

0 No condition of pin interrupt detected.
1 Condition of pin interrupt detected.

42.3.9 Interrupt Edge Select Register (PCTLx_IES)

This register contains the edge select control bits.

Address: Base address + 8h offset

Bit 7 6 5 4 3 2 1 0
Read PTEDG[7:0]Write
Reset 0 0 0 0 0 0 0 0

PCTLx_IES field descriptions

Field Description

7–0
PTEDG[7:0]

Edge selects of pin interrupt

Each EDG bit selects the falling edge/low level or rising edge/high level function of the corresponding pin.

0 Falling edge/low level.
1 Rising edge/high level.

42.3.10 Port Digital Filter Enable Register (PCTLx_DFE)
This register contains the enable control bits for digital filters.

NOTE
Only ports B and C have this register.

Address: Base address + 9h offset

Bit 7 6 5 4 3 2 1 0
Read PTDFE[7:0]Write
Reset 0 0 0 0 0 0 0 0

PCTLx_DFE field descriptions

Field Description

7–0
PTDFE[7:0]

Digital filter enables
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PCTLx_DFE field descriptions (continued)

Field Description
Each PTDFE bit enables the digital filter on the pin when the pin is configured as an input. If the pin is not
configured as an input, the digital filter circuit is not used. When enabled, the digital filter is included in the
signal path to EGPIO and any module that gets control of the pin and configures it as an input.

0 Digital filter disabled (bypass mode).
1 Digital filter enabled.

42.3.11 Port Digital Filter Control Register (PCTLx_DFC)
This register contains the control bits to select clock and filter factors for all digital filters
of the port.

NOTE
Only ports B and C have this register.

Address: Base address + Ah offset

Bit 7 6 5 4 3 2 1 0

Read PTCLKS 0 PTFF[4:0]
Write
Reset 0 0 0 0 0 0 0 0

PCTLx_DFC field descriptions

Field Description

7
PTCLKS

Clock select bit

Selects the counting clock for digital filters.

0 Digital filters count on the bus clock.
1 Digital filters count on the LPO clock.

6–5
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

4–0
PTFF[4:0]

Filter factor bits

Controls the width of the glitch (in terms of clock cycles) the filter should absorb; glitches less than or
equal to this width setting are not allowed by the filter to pass.

00000 1 clock cycle
00001 2 clock cycles
00010 3 clock cycles
00011 4 clock cycles
00100 5 clock cycles
00101 6 clock cycles
00110 7 clock cycles
00111 8 clock cycles
. . . . . .
11000 25 clock cycles

Table continues on the next page...
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Chapter 43
EGPIO Port Control

43.1 Introduction
Registers for EGPIO control are in two groups. Registers for general port (pin) control
are described here. Refer to Introduction for more information about both sets of registers
and about parallel I/O control in general.

Memory Map and Registers
PT memory map

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

FFFF_8000 Port Data Register (PTA_D) 8 R/W See section 43.2.1/1020

FFFF_8001 Port Data Direction Register (PTA_DD) 8 R/W 00h 43.2.2/1020

FFFF_8002 Port Pin Value Register (PTA_PV) 8 R Undefined 43.2.3/1021

FFFF_8010 Port Data Register (PTB_D) 8 R/W See section 43.2.1/1020

FFFF_8011 Port Data Direction Register (PTB_DD) 8 R/W 00h 43.2.2/1020

FFFF_8012 Port Pin Value Register (PTB_PV) 8 R Undefined 43.2.3/1021

FFFF_8020 Port Data Register (PTC_D) 8 R/W See section 43.2.1/1020

FFFF_8021 Port Data Direction Register (PTC_DD) 8 R/W 00h 43.2.2/1020

FFFF_8022 Port Pin Value Register (PTC_PV) 8 R Undefined 43.2.3/1021

FFFF_8030 Port Data Register (PTD_D) 8 R/W See section 43.2.1/1020

FFFF_8031 Port Data Direction Register (PTD_DD) 8 R/W 00h 43.2.2/1020

FFFF_8032 Port Pin Value Register (PTD_PV) 8 R Undefined 43.2.3/1021

43.2
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43.2.1 Port Data Register (PTx_D)
Address: Base address + 0h offset

Bit 7 6 5 4 3 2 1 0
Read PTD[7:0]Write
Reset * * * * * * * *

* Notes:
PTD[7:0] field: The reset values of internal registers for D are zeros. However, a read of the D register after reset returns

the actual logic level on external pins.
•

PTx_D field descriptions

Field Description

7–0
PTD[7:0]

Port data bits

Writes are latched into all bits of this register. When port data direction bits for port pins are set (each DD
bit is 1), reads return the last value written to this register. When a port pin is controlled by EGPIO with the
pin interrupt function disabled and the associated port data direction bit is set (the DD bit is 1), the logic
level is driven out to the corresponding MCU pin. When the port data direction bits for port pins are cleared
(each DD bit is 0):

• For pins that are configured as digital pins, reads return the logic level on the pin.
• For port pins that are controlled by analog functions, reads return zeros (off value).

43.2.2 Port Data Direction Register (PTx_DD)
Address: Base address + 1h offset

Bit 7 6 5 4 3 2 1 0
Read PTDD[7:0]Write
Reset 0 0 0 0 0 0 0 0

PTx_DD field descriptions

Field Description

7–0
PTDD[7:0]

Port data direction bits

Each bit of the port data direction register controls whether an associated port pin is an input or output
when pin interrupt is disabled and no other module controls the pin. If the DD bit for a port pin is equal to
logic one, and Port Data Logic has control of the pin, the port pin is defined as output and the logic value
of an internal register for the D register is driven out to the corresponding MCU pin.

0 The port pin is defined only as an input.
1 The port pin is defined as an output.
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43.2.3 Port Pin Value Register (PTx_PV)
Address: Base address + 2h offset

Bit 7 6 5 4 3 2 1 0

Read PTPV[7:0]

Write

Reset * * * * * * * *

* Notes:
x = Undefined at reset.•
A read of the PV register after reset returns the actual logic level on external pins because reset configures all port pins as
high-impedance inputs with pullup/pulldown disabled.x = Undefined at reset.

•

PTx_PV field descriptions

Field Description

7–0
PTPV[7:0]

Port pin value bits

Each bit of port pin value register is mapped to one MCU pin. For pins that are configured as digital pins,
this register always reflects the digital level on the actual PAD. For pins that are controlled by analog
functions, reads return zeros (off-value).
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Chapter 44
External Interrupt (IRQ)

44.1 Introduction
The IRQ (External Interrupt) module provides an interrupt input.

44.1.1 Features
The IRQ includes these distinctive features:

• IP Bus V2.0 compliant

• External interrupt pin (IRQ)

• IRQ pin can be selected as falling edge and low level or rising edge and high level

• Separate IRQ pin enable

• Software enabled interrupt

• Programmable falling edge (or rising edge) only, or both falling edge and low level
(or both rising edge and high level) interrupt sensitivity

• Exit from low-power modes

• Software control of whether on-chip pullup/pulldown device is enabled on IRQ pin

44.1.2 Modes of Operation
The IRQ module is mode independent and will continue to operate in all user modes. In
the low power STOP mode, the IRQ input becomes an asynchronous path.
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Memory Map and Register Description

This section provides a detailed description of the IRQ register that is accessible to the
end user.

IRQ memory map

Address
offset (hex)

Absolute
address

(hex)
Register name Width

(in bits) Access Reset value Section/
page

0 FFFF_8800 Interrupt status and control register (IRQ0_SC) 8 R/W 00h 44.3.1/1025

0 FFFF_8810 Interrupt status and control register (IRQ1_SC) 8 R/W 00h 44.3.1/1025

0 FFFF_8820 Interrupt status and control register (IRQ2_SC) 8 R/W 00h 44.3.1/1025

0 FFFF_8830 Interrupt status and control register (IRQ3_SC) 8 R/W 00h 44.3.1/1025

44.3.1 Interrupt status and control register (IRQx_SC)
Address: Base address + 0h offset

Bit 7 6 5 4 3 2 1 0

Read 0
IRQPDD IRQEDG IRQPE

IRQF 0
IRQIE IRQMOD

Write IRQACK

Reset 0 0 0 0 0 0 0 0

IRQx_SC field descriptions

Field Description

7
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

6
IRQPDD

IRQ pull device disable

Use this bit to disable the on-chip pullup/pulldown device on the IRQ pin. This allows users to have an
external device if required for their application.

0 On-chip pullup/pulldown device is enabled
1 On-chip pullup/pulldown device is disabled

5
IRQEDG

IRQ edge select

This bit selects the falling edge/low level or rising edge/high level function of the IRQ pin.

0 Falling edge/low level
1 Rising edge/high level

4
IRQPE

IRQ pin enable

This bit determines whether the IRQ pin is enabled.

Table continues on the next page...

44.3
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Chapter 45
Debug

45.1 Introduction
This chapter describes the capabilities defined by the Version 1 ColdFire debug
architecture. The Version 1 ColdFire core supports BDM functionality using the HCS08's
single-pin interface. The traditional 3-pin full-duplex ColdFire BDM serial
communication protocol based on 17-bit data packets is replaced with the HCS08 debug
protocol where all communication is based on an 8-bit data packet using a single package
pin (BKGD).

An on-chip trace buffer allows a stream of compressed processor execution status packets
to be recorded for subsequent retrieval to provide program (and partial data) trace
capabilities.

The following sections in this chapter provide details on the BKGD pin, the background
debug serial interface controller (BDC), a standard 6-pin BDM connector, the BDM
command set as well as real-time debug and trace capabilities. The V1 definition supports
revision B+ (DEBUG_B+) of the ColdFire debug architecture.

A simplified block diagram of the V1 core including the processor and debug module is
shown in the following figure.
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