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Chapter 1
About This Document

1.1 Overview

1.1.1 Purpose

This document describes the features, architecture, and programming model of
Freescale's MCF51QM32, MCF51QM64, and MCF51QM 128 microcontrollers.

1.1.2 Audience

This document is primarily for system architects and software application developers
who are using or considering using these microcontrollers in a system.

1.2 Conventions

1.2.1 Numbering systems

The following suffixes identify different numbering systems:

This suffix

Identifies a

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.

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.

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

1.2.2 Typographic notation

The following typographic notation is used throughout this document:

Example

Description

placeholder, x

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

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

SR[SCM] A mnemonic in brackets represents a named field in a register. This example refers to the

Scaling Mode (SCM) field in the Status Register (SR).

REVNO[6:4], XAD[7:0]

Numbers in brackets and separated by a colon represent either:
* A subset of a register's named field

For example, REVNQ[6:4] refers to bits 6—4 that are part of the COREREYV field that
occupies bits 6-0 of the REVNO register.

¢ A continuous range of individual signals of a bus

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

1.2.3 Special terms

The following terms have special meanings:

Term Meaning
asserted Refers to the state of a signal as follows:
* An active-high signal is asserted when high (1).
¢ An active-low signal is asserted when low (0).
deasserted Refers to the state of a signal as follows:
¢ An active-high signal is deasserted when low (0).
* An active-low signal is deasserted when high (1).
In some cases, deasserted signals are described as negated.
reserved Refers to a memory space, register, or field that is either
reserved for future use or for which, when written to, the
module or chip behavior is unpredictable.
wic Write 1 to clear: Refers to a register bitfield that must be

written as 1 to be "cleared."
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1.2.4 Register reset

Information provided about every register includes each bit's value upon a reset event.
The documented devices support multiple types of reset. The specific reset type that
effects particular reset values can vary by module, by register within a module's
programming model, and even by bit within a register.

For details about the reset type(s) affecting a module's registers, refer to the module's
Chip Configuration information and register descriptions. When a register's details
specify a reset type, in some cases other reset types do not affect the register.

For information about the various reset types, refer to the Reset details.

When a register's description does not specify a reset type, the reset type is Chip Reset
(including Early Chip Reset).
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Chapter 2
Introduction

2.1 ColdFire+ Portfolio Introduction

Freescale's ColdFire+ 32-bit microcontrollers are built on the Version 1 (V1) ColdFire®
core and enabled by innovative 90 nm thin film storage (TFS) flash process technology
with FlexMemory. The ColdFire+ portfolio consists of six families featuring ultra-low
power capabilities in small footprint solutions with embedded flash memory that scales
from 32 KB to 128 KB. The families offer a rich combination of additive peripherals
including USB, high performance mixed signal capabilities, hardware encryption, an
innovative touch sensing interface (TSI), and more. These key features make ColdFire+
microcontrollers ideal for portable handheld devices, wireless nodes, peripherals that
require device authentication, building control security pads, and advanced remote
control devices.

The feature superset of all six pin- and software-compatible families includes:

* Innovative FlexMemory enabling up to 2 KB of enhanced EEPROM or additional 32
KB of flash

* 10 flexible low power modes, ideal for extending battery life

* 16-bit or 12-bit ADC and 12-bit DAC to provide flexible and powerful mixed signal
capabilities

* Cryptographic Acceleration Unit (CAU) and Random Number Generator (RNGB)
for secure communications

* Integrated capacitive touch sensing support: low power touch sensing interface (TSI)

* Integrated USB 2.0 Full-Speed Device/Host/OTG Controller supporting connection
via USB and battery charging

* Synchronous audio interface (SAI) providing a direct interface to codecs and to Inter-
IC Sound (I2S) audio devices

* Wide operating voltage range from 1.71 V to 3.6 V with flash programmability and
full analog functionality over entire range

 Various timers that support general purpose, PWM, and motor control functions

* GPIO with pin interrupt functionality
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MCF51QM128 Block Diagram

» Small footprint packages designed for space-constrained applications

* Rich suite of complimentary runtime software including Freescale's MQX RTOS, a
full set of USB class drivers, a cryptographic library, a motor control library, and
much more

The ColdFire+ device families are the MCF51QU, MCF51QM, MCF51JU, and
MCF51JF.

V1 ColdFire+ MCU Families

MCF51JF
12-bit ADC, I12S/SAl
Hardware Encryption
USB 2.0: DCD
and regulator

MCF51JU
12-bit ADC, 12S/SAI
USB 2.0: DCD
and regulator

MCF51QM

16-bit ADC Common features of all devices:
HardwarsiEncryption 32 KB to 128 KB Flash
32 KB FlexMemory (2 KB EEPROM)
1.71 V to 3.6 V Full Operation
10 Low Power Modes
Touch Sense Interface
UART with SmartCard, SPI, I°C, FlexTimers,
Voltage Reference, 12-bit DAC

Figure 2-1. ColdFire+ Portfolio

2.2 MCF51QM128 Block Diagram

The block diagram shows the feature categories of all ColdFire+ device families. Within
each category, the diagram shows the superset of modules and number of module
instances on the 64-pin members of the MCF51QM family.
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Core and System Power Memory and Clocks
V1 ColdFire Core Management Memory Interfaces
System Mode Phase-
Debu
CPU g Controller Flash RAM Locked Loop
Enhanced Power E ]
Multiply- Hardware Management FlexNVM FlexRAM Lok Lo
Accumulator Divide Controller Ocked Loop
Crossbar Interrupt Voltage Serial External Bus Low/High
Switch Controller Regulator Programming Interface Frequency
I/F (EzPort) (Mini-FlexBus) Oscillators
Direct Memory Low-Leakage
Access Wakeup Internal
Reference
Clocks
System Security Analog Timers Communication Human-Machine
and Integrity Interfaces Interface (HMI)
. . UART x2 (with
CRC 16-bit ADC Timers x2 12C x4 Smart Card) GPIO
Analog Carrier Capacitive
Watchdo
9 Comparator Tl\ﬂgr?surln%%?err SPhx2 Touch Sense
Hardware , Programmable External
En(c(::rxﬁl)on 6-bit DAC Delay Block Interrupt
Random
Number 12-bit DAC '\f'r‘?d“'o
Generator iImer
Voltage Low Power
Reference Timers x2

Figure 2-2. MCF51QM128 (64-pin) Block Diagram

2.3 MCF51QM Feature Summary

The following table summarizes the features integrated on all MCF51QM devices. For
MCF51QM device features that vary by package, refer to MCF51QM Features by

Package.
Table 2-1. Feature Summary
Feature | Details
Hardware Characteristics
Voltage range | 1.71Vto 3.6V

Table continues on the next page...
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Table 2-1. Feature Summary (continued)

Feature Details

Flash write voltage Downto 1.71V

Packages 32-pin QFN (5 x 5 mm?)

44-pin Laminate QFN (5 x 5 mm?)
48-pin LQFP (7 x 7 mm?)

64-pin LQFP (10 x 10 mm2)
Temperature range, ambient (Tp) -40°C to 105°C (V temperature)

Temperature range, junction (T) -40°C to 115°C

Core and System

Central processing unit (CPU) High-performance Version 1 (V1) ColdFire core with EMAC and DIV hardware
acceleration

Implements instruction set revision C (ISA_C)

Maximum CPU frequency 50 MHz

Dhrystone 2.1 performance 1.10 DMIPS per MHz performance when executing from internal RAM

0.99 DMIPS per MHz when executing from flash

Interrupt controller (INTC) Supports 7 priority levels and software interrupt acknowledges

Direct memory access (DMA) controller Four independently programmable channels provide the means to transfer data
directly between system memory and 1/O peripherals

Low-leakage wakeup unit (LLWU) 16 external wakeup pins with digital glitch filter
4 internal wakeup sources

RESET pin can be treated as reset wakeup in low leakage (LLS and VLLS)
modes

Debug Integrated ColdFire DEBUG_Rev_B+ interface with single wire BDM

Real-time debug support, with six hardware breakpoints that can be configured
to halt the processor or generate debug interrupt

Capture of compressed processor status and debug data into trace buffer

On-chip trace buffer that provides programmable start/stop recording conditions

Power Management

Power management controller (PMC) Various stop, wait, and run modes to enable low power applications:
¢ Run and stop regulation modes to enable low power MCU operation
» Several low power and low leakage stop modes

Peripheral clock enable register can disable clocks to unused modules, further
reducing current consumption

Low voltage warning and detect with selectable trip points

3.3 V voltage regulator (VREG) 5 Vinput, 3.3 V output, up to 120 mA
Memory and Memory Interfaces

Total flash memory Up to 160 KB (128 KB + 32 KB)

Program flash Up to 128 KB

FlexNVM Up to 32 KB

FlexRAM Up to 2 KB

RAM Up to 32 KB

Table continues on the next page...
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Table 2-1. Feature Summary (continued)

Feature

Details

Total random access memory (RAM)

Up to 34 KB (32 KB + 2 KB)

FlexMemory (FlexNVM plus FlexRAM)
configuration examples'

Example 1: 32 KB additional program flash, no data flash or EEPROM, 2 KB
additional RAM

Example 2: 32 KB data flash memory, 2 KB additional RAM
Example 3: Up to 2 KB high-endurance, nonvolatile, enhanced EEPROM
Example 4: Partial data flash and EEPROM

Low-leakage standby memory

Full RAM in LLS and VLLS3 power modes, 1 KB RAM or 8KB RAM in VLLS2
mode

32-byte register file in all power modes, including VLLS1 mode

External bus interface (Mini-FlexBus)

Supports glueless connections to external memories and peripherals
Up to 20 address and 8 data lines (non-muxed mode)
Up to 20 address lines and 16 data lines (muxed mode)

2 chip selects

Serial programming interface (EzPort)

Supports flash in-system programming

Clocks

External crystal oscillator or resonator

Low range, low power, or full-swing: 32 kHz to 40 kHz
Medium range, low power, or full-swing: 1 MHz to 8 MHz

High range, low power, or full-swing: 8 MHz to 32 MHz

External clock DC to 50 MHz

Internal clock references Two internal trimmable reference clocks
e 32 kHz
e 2 MHz

Internal 1 kHz low power oscillator

Phase-locked loop (PLL)

Up to 100 MHz VCO

Frequency-locked loop (FLL)

1

System Security and Integrity

Random number generator (RNGB)

Supports both true (TRNG) and pseudo-random number (PRNG) generators

Cryptographic Acceleration Unit (CAU)

Provides hardware encryption for:
e DES
* AES-128, AES-192, AES-256
e SHA-1 and SHA-256
* MD5

Enables more complex algorithms such as 3DES with software encryption
libraries that use the preceding basic security blocks

Cyclic redundancy check (CRC) module

User configurable 16/32-bit hardware CRC generator circuit with programmable
generator polynomial

Supports checksumming of any memory image

COP watchdog module

1

Memory

Flash security features and block protection

Unique chip identification (ID) number

128 bits wide

Analog

Table continues on the next page...
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Table 2-1. Feature Summary (continued)

Feature

Details

Analog-to-digital converter (ADC): 16-bit

1 successive approximation (SAR) ADC
Up to 18 single-ended channels

Up to 2 differential channels (differential pairs)

12-bit digital-to-analog converter (DAC)

1

High-speed comparator (CMP)

1 with 6-bit DAC

Programmable voltage reference (VREF)

1

Timers

Programmable delay block (PDB)

1 ADC channel (with 2 triggers), 1 DAC channel, and 1 pulse-out to CMP

16-bit flexible timer (FTMO)

Up to 2 channels, with quadrature decoder

16-bit flexible timer (FTM1)

6 channels

16-bit modulo timer (MTIM)

1

Carrier modulator transmitter (CMT)

1

Low-power timers (LPTMRO and LPTMR1)

Support Time of Day function with an external 32.768 kHz low power crystal
oscillator

1-channel, 16-bit pulse counter or periodic interrupt

Communication Interfaces

16-bit serial peripheral interface (SPI0)

1 with independent 8-byte transmit and receive FIFOs

16-bit serial peripheral interface (SPI1)

1 (without FIFO)

Inter-Integrated Circuit (12C)

Upto 4

Universal asynchronous receivers/
transmitters (UARTO and UART1)

Serial communications interface (SCI)

Support for ISO 7816 protocol for interfacing with smart cards
Hardware flow control

Higher baud rates (CPU clock)

Independent data FIFO for transmit and receive

Human-Machine Interface (HMI)

Rapid general-purpose input/output
(RGPIO)?

Up to 16 bits of high-speed GPIO functionality connected to the processor's local
32-bit bus with faster set, clear, and toggle functionality

Enhanced general-purpose input/output
(EGPIO)

Up to 48

Pin interrupt / DMA request capability

Up to 16 EGPIOs (PORTB and PORTC) with digital glitch filter
Hysteresis and configurable pullup/pulldown device on all input pins

Configurable slew rate and drive strength on all output pins

Touch sensing inputs (TSI)

Upto 16

Interrupt Request Pin (IRQ)

Rising or falling edge selection
Level sensitivity option
Configurable internal pullup/pulidown

Defined as a nonmaskable interrupt request

1. FlexNVM can be used as program flash,
combination of data flash and EEPROM.

2. Shared with EGPIO pins

as data flash, or, in conjunction with FlexRAM, as high-endurance EEPROM or a
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2.4 MCF51QM Features by Package

Chapter 2 Introduction

The following summary identifies aspects of MCF51QM features that vary by package.

Table 2-2. Feature Summary by Package

(7)) T
E 2 5 % I -
> > > S 2 >
N P > s I I
Part number ot} 2 = e = =
= = = = =
o o =4 <] o e}
7 i2 i2 i2 P i
) (3] o o ) o
= = = = = =
. s 44-pin 48-pin - 1 64-pin
Package type and number of pins 32-pin QFN QFN' LQFP 44-pin QFN LQFP
Package dimensions (mm x mm) 5x5 5x5 7 5x5 10x10
Core Processor
V1 ColdFire core with EMAC and DIV Yes
Maximum CPU frequency (MHz) 50
Memory and Memory Interfaces
Total flash memory (KB) Up to 48 Up to 96 Up to 160
Flash (KB) 32 64 128
FlexNVM (KB) 16 32
FlexRAM (KB) Upto1 Upto2
RAM (KB) 8 16 32
External bus interface (Mini-FlexBus) None 8data/2CS 20 address /
8data/2
Cs
Serial programming interface (EzPort) Yes
Clocks

Multipurpose clock generator (MCG)

FLL + PLL + internal oscillator (32 kHz or 2 MHz)

System Security and Integrity

Random number generator (RNGB)

Cryptographic acceleration unit (CAU)

Cyclic redundancy check (CRC)

COP watchdog module

—_ =2 ] =

Analog
16-bit ADC single ended 11 ch 12 ch | 18 ch
16-bit ADC differential 2 ch (differential pair)
12-bit DAC 1
CMP (with 6-bit DAC) external inputs 1 2 | 4

VREF

No

Yes

Table continues on the next page...
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MCF51QM Features by Package

Table 2-2. Feature Summary by Package (continued)

g 2 " 2 2 3
5 2 3 3 2 2
Part number e e g g % %
o S g o S o
= = = = (EJ (EJ
Package type and number of pins 32-pin QFN ‘gl-:?\ll? ‘:_8(.;?::‘ 44-pin QFN! ?_‘g?:':
Package dimensions (mm x mm) 5x5 5x5 7x7 5x5 10x10
Timers
FlexTimer (FTMO with quad decoder) None 1ch 2ch
channel pins?
FlexTimer (FTM1) channel pins 6 ch
Carrier modulator transmitter (CMT) 1
Programmable delay block (PDB) 1
16-bit modulo timer (MTIM) 1
Low power timer (LPTMR) 2
Communication Interfaces
UART 2
SPI (16-bit) 2 (1 with FIFO)
12C 3 4
Human-Machine Interface (HMI)
Touch sensing inputs (TSI) 5 7 8 7 16
Total GPIO pins® 22 31 35 31 48
Pin interrupts 22 31 35 31 48
RGPIO 5 8 10 8 16
1. Laminate QFN

2. When an FTM channel pin is not present in a package, the channel's internal functionality remains available. In packages
where FTMO channel 0 is not available, the comparator can be used to connect an external input to FTM channel 0.

3. GPIO numbers include RGPIO
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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.

3.2 Module to Module Interaction Summary

This device contains internal connections between peripherals to support a number of
different target applications. The following table summarizes these connections.
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Module to Module Interaction Summary

Table 3-1. Module to Module Interactions Summary

Use Case Function Peripherals Description Control
Motor Speed detection /|CMP, FTMO, FTM input capture or an The ACFTM bit in the SIM's SOPT7
control tachometer pulse |LPTMR1, LPTMR input is connected to |register enables CMP_OUT to the FTMO
counting LPTMRO CMP_OUT. channel 0 input. The LPTMR's CSR[TPS]
bits can be set to 00 to select the
CMP_OUT.
FTM CMP, FTMO, The CMP_OUT signal can be |Make the selection with the CHXTRIG bits
synchronization |FTM1, used to synchronize the count |in the FTMs' EXTTRIG register.
FTMxSYNC bits |of FTMO and FTM1.
Programmable CMP, FTMO, The CMP_OUT signal is Make the selection with the FAULTXEN
fault detection FTM1 connected to the FTMO and  |bits in the FTMs' FLTCTRL register.
FTM1 fault inputs.
Analog / Low power CMP, LPTMR1, |CMP_OQOUT is connected to The ACFTM bit in the SIM's SOPT7
signal adjustable pulse |FTMO the LPTMR1 input for pulse register enables CMP_OUT to the FTMO
analysis counting counting or to FTMO channel |channel 0 input. The LPTMR's CSR[TPS]
0 for pulse width bits can be set to 00 to select the
measurement. CMP_OUT.
Low power ADC |LPTMRO, ADC |An LPTMR overflow The ADTRGS bit in the SIM's SOPT7
conversion generates an ADC conversion |register selects ADC trigger source. Then
trigger. the LPTMR should generate a trigger for
the ADC's SC1A register only.
PDB triggering of | DAC, PDB A PDB interval trigger is used |Set up using the PDB.
DAC to generate DAC triggers.
PDB triggering of |PDB with Using the PDB, various Combine PDB configuration and
ADC conversion |LPTMRO, modules can be used to initialization of the desired peripheral.
triggering LPTMR1, CMP, |initiate an ADC conversion.
PDB EXTRG,
FTMO, FTM1,
MTIM
Internal voltage |DAC, VREF, DAC and VREF outputs are DAC and VREF outputs must be enabled:
reference signals |ADC, CMP available as ADC channels use the ADC's SC1n register to select the
and CMP inputs. DAC or VREF. The CMP can also be used
to select the DAC or VREF.
Accurate VREF, ADC, The VREF output is The VREF is enabled by VREF control
reference for DAC connected to the ADC registers. The ADC or DAC chooses VREF
analog reference or DAC reference. |as the reference (REFSEL bits in the
peripherals ADC's SC2 register).
Communic |UART optical UART1, FTMx, |The UART1_Rx input can be |Configure the CMP so its external input pin
ations isolation MTIM, CMP connected to CMP_OUT, and |is used as the source of the RX signal with
the TX output can be the SIM's SOPT6[RX1IN] bit. The FTMx or
modulated with the output of |MTIM modulation is selected by the
one of the timers (FTMO, MTBASE[0:1] bits. The MODTX1 bit
FTM1, MTIM) before being enables the UART modulation.
transmitted off chip.
[2C dual role (I2C0 and I12C1)  |I2C0 and 12C1 or I12C2 and Use the I2CDRO or I2CDR2 bit in the SIM's
functionality and (12C2 and [2C3 are connected to allow | SOPT?7 register to connect 12C0 and I12C1
(separate slave |I2C3) separate status/control and  |or I2C2 and I2C3, respectively.
and master interrupts for 12C.
control and
interrupts)
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3.3 Core modules

3.3.1 Version 1 (V1) ColdFire Core Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Debug Interrupts

Crossbar V1 ColdFire
switch Core

Figure 3-1. Core configuration

Table 3-2. Reference links to related information

Topic Related module Reference
Full description V1 ColdFire core Core
System memory map System memory map
Clocking Clock distribution
Power management Power management
Debug Background debug controller (BDC) Debug
Interrupts Interrupt controller (INTC) INTC
System/instruction/data Crossbar switch Crossbar switch
bus module
System/instruction Enhanced multiply-accumulate (EMAC) unit EMAC
module
ColdFire core Cryptographic acceleration unit (CAU) CAU
coprocessor

3.3.2 Debug Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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System modules

Background Debug Module signals
Controller (BDC)

Signal multiplexing

Figure 3-2. Debug configuration

Table 3-3. Reference links to related information

Topic Related module Reference
Full description V1 ColdFire core debug Debug
. Background debug mode (BDM)

. Background debug controller (BDC)

Signal multiplexing Port mux control Signal multiplexing

3.3.2.1 VREG in BDM

If the chip is in active background debug mode (BDM) and then enters stop mode, the
voltage regulator will not enter its standby mode.

3.4 System modules

3.4.1 Crossbar Switch Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Master Modules

V1 ColdFire

core CPU

EzPort

Y

MO

Mux

DMA

Y

M1

Crossbar Switch

SO

S

Chapter 3 Chip Configuration

Slave Modules

Flash

A

controller

Mini-FlexBus

A

Peripheral
> bridge

RAM

Y

S3

A

Y

RGPIO
controller

Figure 3-3. Crossbar switch integration

Table 3-4. 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 slave Flash memory Flash memory controller
controller

Crossbar switch slave Mini-FlexBus Mini-FlexBus

Crossbar switch slave Peripheral bridge Peripheral bridge

Crossbar switch slave RAM RAM

Crossbar switch slave RGPIO RGPIO

3.4.1.1

Crossbar Switch Master Assignments

This device contains two master connections to the crossbar switch.
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Master module Master port number
CPU 0
DMA controller and EzPort (shared) 1

NOTE

The DMA controller and EzPort module share a master port.
Because these modules never operate at the same time, no
configuration or arbitration explanations are necessary.

3.4.1.2 Crossbar Switch Slave Assignments

This device contains three slave connections to the crossbar switch.

Slave module Slave port number
Flash memory controller 0
Mini-FlexBus and peripheral bridge (shared) 1
RAM and RGPIO (shared) 3

3.4.2 Peripheral Bridge Configuration

Transfers Transfers

Peripheral bridge

Peripherals

Crossbar switch

Figure 3-4. Peripheral bridge configuration

Table 3-5. Reference links to related information

Topic Related module Reference
System memory map System memory map
Clocking Clock distribution
Crossbar switch Crossbar switch Crossbar switch

3.4.2.1 Peripheral bridge interfaces

The peripheral bridge has two interfaces for transfers to and from modules.
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Table 3-6. Peripheral bridge interfaces

Interface size

Connected modules
DMA controller and Mini-FlexBus

32-bit
8-bit

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

3.4.2.2 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.

3.4.3 DMA Controller Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral bridge

Register
access

] o |

Transfers

é

DMA Controller

Crossbar switch
o0
(I

é

Figure 3-5. DMA Controller configuration

Table 3-7. Reference links to related information

Topic Related module Reference

Full description DMA controller DMA controller
System memory map

System memory map
Clock distribution

Clocking

Power management Power management

Requests DMA request sources

3.4.3.1 DMA Request Sources

The following table identifies the DMA request sources.
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Table 3-8. DMA request sources

Request ID Assignment to DMA | Assignment to DMA | Assignment to DMA | Assignment to DMA

Channel 0 Channel 1 Channel 2 Channel 3

0 SPI0 Transmit SPI0 Transmit SPI1 Transmit SPI1 Transmit

1 SPI0 Receive SPI0 Receive SPI1 Receive SPI1 Receive

2 UARTO Transmit UART1 Transmit UART1 Transmit UARTO Transmit

3 UARTO Receive UART1 Receive UART1 Receive UARTO Receive

4 [2Co [2C1 [2C2 12C3

5 [2C1 [2c2 12C3 12co

6 Reserved Reserved Reserved Reserved

7 Reserved Reserved Reserved Reserved

8 12-bit DAC CMP CMP 12-bit DAC

9 FTMO Channel 0 FTMO Channel 0 FTM1 Channel 0 FTM1 Channel 0

10 FTMO Channel 1 FTMO Channel 1 FTM1 Channel 1 FTM1 Channel 1

11 FTM1 Channel 2 FTM1 Channel 3 FTM1 Channel 4 FTM1 Channel 5

12 FTM1 Channel 3 FTM1 Channel 4 FTM1 Channel 5 FTM1 Channel 2

13 PDB CMT ADC CMT

14 ADC PTC | PTD PTF | PTE PTA | PTB

15 PTA PTE PTC PTD

3.4.4 Interrupt Controller (INTC) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

Interrupt
priority
level

V1 ColdFire core

Interrupt Controller
(CF1_INTC)

D ———
° °
. °
. .

Figure 3-6. INTC configuration

Table 3-9. Reference links to related information

Topic

Related module

Reference

Full description

Interrupt Controller
(INTC)

INTC

Table continues on the next page...
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Table 3-9. Reference links to related information (continued)

Topic

Related module

Reference

System memory map

System memory map

Clocking

Clock distribution

Power management

Power management

3.4.4.1

The CF1_INTC module implements a sparsely populated 7 x 9 matrix of levels (7) and

Interrupt priority levels

priorities within each level (9).

3.4.4.2

Interrupt channel assignments

The exception vector assignments include interrupt assignments.

NOTE

Level 7 interrupt requests are nonmaskable. For more
information, refer to the detailed description of the Interrupt
Controller module.

Table 3-10. Exception vector assignments

Address offset Vector number Level (Priority)’ Assignment
0x000 0 Initial supervisor stack pointer
0x004 1 Initial program counter
0x008 - 0xOFC 2-63 Assigned for internal CPU exceptions
0x100 64 7(mid) IRQ
0x104 65 7(3) LVD
0x108 66 7(2) Low Leakage Wakeup?
0x10C 67 7(1) MCG Loss of Clock
0x10E 6(7) Reserved for remapped vector #1
0x10F 6(6) Reserved for remapped vector #2
0x110 68 6(5) Flash
0x114 69 6(4) DMA Channel 0
0x118 70 6(3) DMA Channel 1
0x11C 71 6(2) DMA Channel 2
0x120 72 6(1) DMA Channel 3
0x124 73 5(7) Reserved
0x128 74 5(6) RNGB
0x12C 75 5(5) FTM1 Fault + Overflow

Table continues on the next page...
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Table 3-10. Exception vector assignments (continued)

Address offset Vector number Level (Priority)’ Assignment
0x130 76 5(4) FTM1 Channel 0
0x134 77 5(3) FTM1 Channel 1
0x138 78 5(2) FTM1 Channel 2
0x13C 79 5(1) FTM1 Channel 3
0x140 80 4(7) FTM1 Channel 4
0x144 81 4(6) FTM1 Channel 5
0x148 82 4(5) CMP
0x14C 83 4(4) FTMO Fault + Overflow
0x150 84 4(3) FTMO Channel 0
0x154 85 4(2) FTMO Channel 1
0x158 86 4(1) SPIO
0x15C 87 3(7) UARTO (Err, Transmit, Receive)®
0x160 88 3(6) Reserved
0x164 89 3(5) Reserved
0x168 90 3(4) [2Co
0x16C 91 3(3) [2c2
0x170 92 3(2) SPI
0x174 93 3(1) UART1 (Err, Transmit, Receive)*
0x178 94 2(7) 12C1
0x17C 95 2(6) 12C3
0x180 96 2(5) ADC
0x184 97 2(4) TSI
0x188 98 2(3) DAC
0x18C 99 2(2) CMT
0x190 100 2(1) PDB
0x194 101 1(7) LPTMRO
0x198 102 1(6) LPTMR1
0x19C 103 7(0) Level 7 Software Interrupt
0x1A0 104 6(0) Level 6 Software Interrupt
0x1A4 105 5(0) Level 5 Software Interrupt
0x1A8 106 4(0) Level 4 Software Interrupt
0x1AC 107 3(0) Level 3 Software Interrupt
0x1B0 108 2(0) Level 2 Software Interrupt
0x1B4 109 1(0) Level 1 Software Interrupt
0x1B8 110 1(5) MTIM
0x1BC 111 1(4) Reserved
0x1Co 112 1(3) EGPIO PORT A | EGPIO PORT B
0x1C4 113 1(2) EGPIO PORT D | EGPIO PORT C
0x1C8 114 1(1) EGPIO PORT F | EGPIO PORT E

Table continues on the next page...
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Table 3-10. Exception vector assignments (continued)

Address offset

Vector number

Level (Priority)'

Assignment

0x1CC-0x3FC

115-255

devices

RESERVED - Unused for ColdFire core

—_

In the format x(y): x is the interrupt level and y is the priority within the level.

2. Upon exiting LLS mode, core instruction execution goes directly to the low leakage wakeup interrupt. For wakeup from

VLLSx modes:

* One or two pending interrupts are serviced. One is serviced if the wakeup is from the LLWU wakeup pins, or two are
serviced if the wakeup is from a TSI, CMP, or LPTMR module.
e Then instruction execution resumes via the reset vectors.
3. All of the UARTO interrupt sources are joined in this single vector.
4. All of the UART1 interrupt sources are joined in this single vector.

Table 3-11. ColdFire Level, Priority within Level Matrix Interrupt Assignments

Priority Level Priority within Level'
7 6 5 4 Midpoint 3 2 1 0
Highest |7 IRQ LVD Low MCG Level 7
Leakage |Loss of SWI
Wakeup |Clock
6 INTC_PL |INTC_PL [Flash DMA X DMA DMA DMA Level 6
6P7 6P6 Channel 0 Channel 1 |Channel 2|Channel 3 |SWI
5 Reserved |RNGB FTMA1 FTM1 X FTM1 FTMA1 FTMA1 Level 5
Fault + Channel 0 Channel 1|Channel 2 [Channel 3|SWI
Overflow
4 FTM1 FTM1 CMP FTMO X FTMO FTMO SPIO Level 4
Channel 4 |Channel 5 Fault + Channel 0 |Channel 1 SWI
Overflow
3 UARTO Reserved |Reserved [12C0 X [2C2 SPI1 UARTH1 Level 3
SWI
2 [2C1 12C3 ADC TSI X DAC CMT PDB Level 2
SWI
Lowest 1 LPTMRO |LPTMR1 [MTIM Reserved |x PORTA| |PORTD | [PORTF| |Level 1
PORTB |(PORTC |PORTE ([SWI

1. Within a level, priorities are evaluated numerically: that is, the higher the number, the higher the priority.

3.4.5 Low-Leakage Wakeup Unit (LLWU) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

MCF51QM128 Reference Manual, Rev. 4, 08/2012

Freescale Semiconductor, Inc.

79



System modules

Peripheral
bridge

Register
access

Wakeup

Power Management
Controller (PMC)

Low-Leakage Wakeup
Unit (LLWU)

requests

i

Figure 3-7. Low-Leakage Wakeup Unit configuration

Table 3-12. 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

3.4.5.1 LLWU wakeup sources

The LLWU module has the following internal and external inputs. WUPO-WUP135 are
external pin inputs, and module interrupt flags (MOIF-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 or
GPIO via port mux control.

NOTE

The signal selected as a wakeup source pin must be a digital
pin, as selected in the Port Mux Control registers.
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Table 3-13. LLWU Inputs

Wakeup Source Wakeup Pin Source
Pin

LLWU_PO |PTC7/UARTO_RX/1I2C0_SDA/RGPIO7/ LLWU_P10 PTF2/SPI0_MISO/FBa_AD7
SPI1_MISO/FBa_AD12

LLWU_P1 |PTD1/UARTO_RTS/I2C1_SCL/RGPIO9/ LLWU_P11 PTF3/SPI0_MOSI/RGPIO1/FBa_AD8
SPI1_SS/FBa_AD14

LLWU_P2 |PTA5/UART1_RTS/I2C2_SDA/ LLWU_P12 PTC2/UART1_RTS/SPI1_SS/RGPIO2/
FTM1_CH5/SPI1_MOSI/CLKOUT FBa_AD18

LLWU_P3 |PTA7/UARTO_TX/FTMO_QD_PHA/ LLWU_P13 PTF5/UART1_RX/SPI1_MISO/FBa_D2/
FBa_D5 FBa_RW

LLWU_P4 |PTD7/UARTO_CTS/I2C3_SCL/RGPIO15/ LLWU_P14 PTC3/UARTO_CTS/RGPIO3/SPI0_SCLK/
FBa_D3 CLKOUT

LLWU_P5 |PTB0/I2C0_SCL/IRQ LLWU_P15 PTC4/UARTO_RX/RGPIO4/SPI0_MISO/

PDBO_EXTRG

LLWU_P6 |PTB1/SPI0_SCLK/I2CO_SDA/FTM_FLT2/ LLWU_MOIF LPTMRO'
LPTMR_ALT2/FTMO_QD_PHB/
FB_CLKOUT

LLWU_P7 |PTB2/SPI0O_MISO/FBa_CSO0 LLWU_M1IF LPTMR1’

LLWU_P8 |PTE7/UARTO_TX/PDB0_EXTRG/ LLWU_M2IF CMPO!
SPI1_MOSI/FBa_RW/FBa_AD4

LLWU_P9 |PTB4/BKGD/MS LLWU_MSIF TSI

1. Requires the peripheral and the peripheral interrupt to be enabled. The internal module's WUME bit enables the internal
module flag as a wakeup input. After wakeup, the flags are cleared based on the peripheral clearing mechanism.

3.4.5.2 Reset due to LLWU wakeup event

During a reset sequence initiated via the LLWU, if neither BDM nor EzPort mode is
latched, the CPU immediately fetches the LLWU interrupt service routine (ISR). Upon
completion of the ISR, the CPU resumes the reset sequence.

3.4.5.3 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.
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3.4.6 Computer Operating Properly (COP) Watchdog
Configuration

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

Table 3-14. Reference links to related information

Topic Related module Reference
Clocking Clock distribution
Power management Power management
Programming model System Integration SIM
Module (SIM)

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

3.4.6.2 COP watchdog operation

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 COPC[COPT] in the SIM.

The COP counter is reset by writing 0x55 and OXxAA (in that order) to the address of the
SIM's Service COP (SRVCOP) register during the selected timeout period. Writes do not
affect the data in the SRVCOP register. 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. Also, if any value other than 0x55 or OXxAA 1s
written to the SRVCOP register, the microcontroller immediately resets.

The SIM's COPC[COPCLKS] field selects the clock source used for the COP timer. The
clock source options are either the bus clock or an internal 1 kHz clock source. With each
clock source, there are three associated timeouts controlled by COPC[COPT]. The
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following table summarizes the control functions of the COPCLKS and COPT bits. The
COP watchdog defaults to operation from the 1 kHz clock source and the longest timeout
for that clock source (219 cycles).

controlBts Clock Source ?gggg?gggw?ﬁ)s COP Overflow Count
COPC[COPCLKS] COPC[COPT]
NiA 0o M/A MiA COP is disabled

0 01 1 kHz Mia 25 cycles (32 ms )
0 10 1 kHz NA 28 gycles (256 ms ')
0 11 1 kHz MiA 21% cycles (1,024 ms )
i 01 Bus 8,144 cycles 213 cycles
1 10 Bus 49,152 cycles 218 cycles
1 1 Bus 196,608 cycles 218 cycles

After the bus clock source is selected, windowed COP operation is available by setting
COPC[COPW] in the SIM. In this mode, writes to the SRVCOP register to clear the COP
timer must occur in the last 25% of the selected timeout period. A premature write
immediately resets the chip. When the 1 kHz clock source is selected, windowed COP
operation is not available.

The COP counter is initialized by the first writes to the SIM's COPC register and after
any system reset. Subsequent writes to the SIM's COPC register have no effect on COP
operation. Even if an application uses the reset default settings of the COPT, COPCLKS,
and COPW bits, the user should write to the write-once COPC register during reset
initialization to lock in the settings. This approach prevents accidental changes if the
application program becomes lost.

The write to the SRVCOP register that services (clears) the COP counter should not be
placed in an interrupt service routine (ISR) because the ISR could continue to be
executed periodically even if the main application program fails.

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 or LLS) 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 or LLS) mode. The counter
begins from zero upon exit from background debug mode or stop mode.
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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.

3.4.7 System Mode Controller (SMC) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

System Mode
Controller (SMC)

Resets

Power Management
Controller (PMC)

Figure 3-8. System Mode Controller configuration

Table 3-15. Reference links to related information

Topic Related module Reference
Full description System Mode SMC
Controller (SMC)
System memory map System memory map
Power management Power management
Power management PMC
controller (PMC)
Low-Leakage Wakeup LLWU
Unit (LLWU)
Reset Control Module Reset
(RCM)

3.4.7.1 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.
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3.4.8 Power Management Controller (PMC) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register access

O = 0O
oF Module Module |3 (%

=) i i =
§ ol Sionals Power Management signals i =
18 Controller (PMC) 85
R g =
a=s 8

Figure 3-9. PMC configuration

Table 3-16. Reference links to related information

Topic Related module Reference
Full description Power Management PMC
Controller (PMC)
System memory map System memory map
Power management Power management
System Mode SMC
Controller (SMC)
Low-Leakage Wakeup LLWU
Unit (LLWU)
Reset Control Module Reset
(RCM)

3.4.8.1 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.

3.4.9 Reset Control Module (RCM) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

MCF51QM128 Reference Manual, Rev. 4, 08/2012

Freescale Semiconductor, Inc. 85



System modules

Peripheral
bridge

Register access

Module
Reset Control signals
Module (RCM)

System Mode
Controller (SMC)

Figure 3-10. RCM configuration

Table 3-17. Reference links to related information

Topic Related module Reference
Full description Reset Control Module RCM
(RCM)
System memory map System memory map
Power management Power management
System Mode SMC
Controller (SMC)

3.4.9.1 RCM register reset

Different portions of RCM 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.

3.4.10 Voltage Regulator (VREG) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-11. Voltage Regulator configuration

Table 3-18. Reference links to related information

Topic Related module Reference
Full description Voltage Regulator Voltage Regulator
System memory map System memory map
Clocking Clock distribution
Signal multiplexing Port mux control Signal multiplexing

3.4.10.1 VREG operation controls

Some of the SIM's SOPTx registers provide general control of the voltage regulator's
operation.

Table 3-19. Voltage regulator controls

SIM bitfield Function
SOPT1[REGE] Enables the VREG
SOPT1[SSTB] and Control whether the VREG enters standby in particular low power modes
SOPT1[VSTB]
SOPT3[RWE] Enables the SOPT1[REGE] bit to be written
SOPT3[SWE] Enables the SOPT1[SSTB] and SOPT1[VSTB] bits to be written

3.4.10.2 VREG in BDM

If the chip is in active background debug mode (BDM) and then enters stop mode, the
voltage regulator will not enter its standby mode.

3.4.11 System Integration Module (SIM) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-12. SIM configuration

Table 3-20. Reference links to related information

Topic Related module Reference
Full description System Integration SIM
Module (SIM)
System memory map System memory map
Clocking Clock distribution
Power management Power management

3.4.11.1 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.

3.5 Clock Modules

3.5.1 Multipurpose Clock Generator (MCG) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-13. MCG configuration

Table 3-21. Reference links to related information

Topic Related module Reference
Full description MCG MCG
System memory map System memory map
Clocking Clock distribution
Power management Power management

3.5.1.1 MCG oscillator-frequency trim settings: factory and custom

Factory-programmed values for trimming oscillator frequency are stored in the
nonvolatile information register (IFR) and are automatically loaded into the MCG's C3

and C4 registers after any reset.

A portion of the chip's program flash memory can be used to store other, custom settings
for frequency trimming. These locations appear as FTRIM and TRIM in the following

table.

Table 3-22. Flash memory addresses for custom oscillator-frequency trim

settings
Address Register 7 6 5 4 3 2 1 0
0x(00)00_03FD Storage of other — — — — — — — —
custom settings
0x(00)00_03FE Storage of FTRIM 0 0 0 0 0 0 0 FTRIM
0x(00)00_03FF Storage of TRIM TRIM

To override the factory-programmed settings with custom settings:
1. Using Freescale's BDM tools, users and third parties can reprogram the TRIM and
FTRIM values stored in the reserved flash memory addresses.
2. User code must copy the value of FTRIM to the MCG's C4[SCFTRIM] bit and the

value of TRIM to the MCG's C3[SCTRIM] field.
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3.5.2 Oscillator (OSC) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

Module signals

SIM

System oscillator 1

Figure 3-14. OSC1 configuration

Peripheral
bridge

Register
access

MCG

System oscillator 2

Figure 3-15. OSC2 configuration

Table 3-23. Reference links to related information

Topic Related module Reference

Full description 0osC 0SsC

System memory map System memory map
Clocking Clock distribution
Power management Power management
OSC1 configuration System Integration SIM
Module (SIM)
OSC2 configuration Multipurpose Clock MCG
Generation (MCG)
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3.6 Memories and Memory Interfaces

3.6.1 RAM Configuration

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

Transfers

RAM

Crossbar switch

Figure 3-16. RAM configuration

Table 3-24. 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

3.6.1.1 RAM overview

The microcontroller includes up to 32 KB of static RAM. RAM is most efficiently
accessed using the AS-relative addressing mode (address register indirect with

displacement mode). Any single bit in this area can be accessed with the bit manipulation
instructions (BCLR, BSET, and so on).

At power-on, the contents of RAM are uninitialized. RAM data is unaffected by any reset
provided that the supply voltage does not drop below the minimum value for RAM
retention (Vgram)-

3.6.1.2 RAM sizes

The embedded RAM is tightly coupled with the V1 ColdFire core. The following table
describes the amount of RAM (not counting FlexRAM) for the chips covered by this
document.
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Chip RAM (KB)
MCF51QM32 8
MCF51QM64 16
MCF51QM128 32

For all chips, the RAM has partitions that operate as a single unit:
* RAMI: 1 KB partition
* RAM2: 7 KB partition
* RAM3: 0 KB, 8 KB, or 24 KB partition (according to the total sizes in the preceding
table)

For example, for the MCF51QM 128, RAM3 is a 24 KB partition.

3.6.1.3 RAM retention in low power modes

The RAM1, RAM2, and RAM3 partitions are retained in low power modes down to
VLLS3 mode.

In VLLS2 mode: The RAMI partition is powered, the RAM?2 partition is optionally
powered using the RAM2PO bit, and the RAM3 partition is not powered.

In VLLS1 mode: The RAM1, RAM2, and RAM3 partitions are not powered. However,
the 32-byte register file remains available in VLLS1 mode.

3.6.1.4 RAM accesses
The RAM's interface with the crossbar switch is 32 bits wide.

3.6.2 Flash Memory Controller (FMC) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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V1 ColdFire core
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Transfers Flash memory Transfers
controller

Flash memory

Crossbar switch

Figure 3-17. Flash memory controller configuration

Table 3-25. Reference links to related information

Topic Related module Reference
Full description Flash memory Flash memory controller
controller
System memory map System memory map
Clocking Clock distribution
Transfers Flash memory Flash memory
Transfers Crossbar switch Crossbar switch
Control inputs V1 ColdFire core's CPU CPUCR
configuration register
(CPUCR)

3.6.3 Flash Memory Module (FTFL) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-18. Flash memory configuration

Table 3-26. Reference links to related information

Reference

Topic Related module

Full description Flash memory Flash memory

System memory map

System memory map
Clock distribution

Clocking
Transfers Flash memory Flash memory controller
controller
Register access Peripheral bridge Peripheral bridge

3.6.3.1 Flash Memory Types

This device contains multiple types of flash memory as defined below:

* Program flash: nonvolatile flash memory that can execute program code
* FlexMemory: memory block that can be configured as additional program flash, data
flash, and/or EEPROM. It allows user configuration of the EEPROM and data flash

sizes, as well as EEPROM endurance, to fulfill application requirements.
* FlexXNVM: nonvolatile flash memory that can execute program code, store data,

or back up EEPROM data
* FlexRAM: RAM memory that can be used as traditional RAM or as high-

endurance EEPROM storage

3.6.3.2 Flash Memory Sizes
The devices covered in this document contain:

* 1 block of program flash
* 1 block of FlexXNVM
* 1 block of FlexRAM
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The following table describes the amounts of memory for the devices covered in this

document.
Device Program flash (KB) FlexNVM (KB) FlexRAM (KB)
MCF51QM32 32 16 1
MCF51QM64 64 32
MCF51QM128 128 32

3.6.3.3 Flash Memory Map

The various flash memories and the flash registers are located at different base addresses
as shown in the following figure. The base address for each is specified in System
Memory Map.

FTFL base address
Registers

Program flash base address

Flash configuration field
Program flash

FlexNVM base address

FlexNVM

FlexRAM base address
FlexRAM

Figure 3-19. Flash memory map

The following table identifies subdivisions within the chip's program flash memory
space. It also indicates where to find additional information about each area.

Table 3-27. High Level Program Flash Memory Map

Address range Reference

0x(00)00_0000 to 0x(00)00_03FC

Purpose

Standard program flash memory, interrupt vector
table

Interrupt channel assignments

0x(00)00_03FD to 0x(00)00_03FF |Standard program flash memory, space for

custom oscillator-frequency trim settings

MCG oscillator-frequency trim
settings: factory and custom

0x(00)00_0400 to 0x(00)00_040F Flash Configuration Field Flash Configuration Field

Description

0x(00)00_0410 to upper limit Standard program flash memory
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3.6.3.4 Flash Security

How flash security is implemented on the device is described in Chip Security.

3.6.3.5 Flash Modes

The flash memory operates in NVM normal and NVM special modes. The flash memory
enters NVM special mode when the EzPort is enabled (EZP_CS is asserted during reset)
and in background debug mode (BDM). Otherwise, flash memory operates in NVM
normal mode.

3.6.3.6 Erase All Flash Contents

In addition to software, the entire flash memory may be erased external to the flash
memory in two ways:

1. Via the EzPort by issuing a bulk erase (BE) command.
2. Via background debug by using DBGCR[0] and DBGSR[0]. Refer to Debug Control
Register (DBGCR) and Debug Status Register (DBGSR) for details.

3.6.3.7 FTFL_FOPT Register

The flash memory's FTFL_FOPT register allows the user to customize the operation of
the MCU at boot time. See FOPT boot options for details of its definition.

3.6.4 System Register File Configuration

This section summarizes how the module has been configured in the chip.
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Peripheral
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access
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Figure 3-20. System Register file configuration

Table 3-28. Reference links to related information

Topic Related module Reference
Full description Register file Register file
System memory map System memory map
Clocking Clock Distribution
Power management Power management

3.6.4.1 Register file details

The chip includes a 32-byte register file, consisting of eight 32-bit registers, that is
accessible in all power modes and retains contents during low-voltage detect (LVD)
events.

The register file can be accessed via 8-bit, 16-bit, and 32-bit accesses. The 16-bit and 32-
bit accesses are serialized on the 8-bit peripheral bus.

The register file is reset exclusively by the POR Only reset type. It is unaffected by other
reset types. For information about the various reset types on this chip, refer to the Reset
details.

3.6.5 EzPort Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-21. EzPort configuration

Table 3-29. Reference links to related information

Topic Related module Reference
Full description EzPort EzPort
System memory map System memory map
Clocking Clock distribution
Transfers Crossbar switch Crossbar switch
Signal multiplexing Port mux control Signal multiplexing

3.6.5.1 EzPort and BDM

EzPort mode and active background debug mode (BDM) cannot be used at the same
time. Attempts to use both simultaneously can lead to unexpected behavior.

BDM has priority over EzPort mode. For more information, refer to the detailed Boot
description.

3.6.5.2 Flash Option Register (FOPT)

The FOPT[EZPORT_DIS] bit can be used to prevent entry into EzPort mode during
reset. If the FOPT[EZPORT_DIS] bit is cleared, then the state of the chip select signal
(EZP_CS) is ignored and the MCU always boots in normal mode.

This option is useful for systems that use the EZP_CS/IRQ signal configured for its IRQ
function. Disabling EzPort mode prevents possible unwanted entry into EzPort mode if
the external circuit that drives the NMI signal asserts it during reset.

The FOPT register is loaded from the flash option byte. If the flash option byte is
modified, the new value takes effect for any subsequent resets, until the value is changed
again. For more information about the FOPT register, refer to FOPT boot options.
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3.6.5.3 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 1s disabled.

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

3.6.6 Mini-FlexBus Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge
Register
access
Transfers Module signals
Mini-FlexBus

Crossbar switch
Signal multiplexing

Figure 3-22. Mini-FlexBus configuration

Table 3-30. Reference links to related information

Topic Related module Reference
Full description Mini-FlexBus Mini-FlexBus
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port mux control Signal multiplexing

3.6.6.1 Mini-FlexBus instantiation information

The chip instantiates the Mini-FlexBus module with 20 address lines, 2 control signals, 8
data lines and 2 chip selects. The full functionality of the Mini-FlexBus is available only
on the 64-pin versions of the chip. The 44-pin and 48-pin versions offer the limited
functionality of the DATA bus for interfacing with peripherals such as graphical displays.
The 32-pin version does not support Mini-FlexBus functionality.
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To use DATA bus functionality, set the pin muxing controls to make available the
necessary functions. The DATA bus portion of Module-by-module signals identifies the
pins needed to support an 8-bit data bus.

The Mini-FlexBus modes of operation for 64-pin devices are:
» Up to a 20-bit address (non-multiplexed) with 8-bit data
* Up to a 20-bit address (multiplexed) with 16-bit data (write masking of upper/lower

bytes not supported)
» Up to a 20-bit address (multiplexed) with 8-bit data

3.6.6.2 Mini-FlexBus CSCRO reset value

On this device, the CSCRO resets to 0x003F_FCO00. Configure this register as needed
before performing any Mini-FlexBus access.

3.6.6.3 Mini-FlexBus security

When security is enabled on the device, Mini-FlexBus accesses may be restricted by
configuring the MBSL field in the SIM's SOPT6 register. See System Integration Module
(SIM) for details.

3.7 Security

3.7.1 Cryptographic Acceleration Unit (CAU) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Transfers

CAU

V1 ColdFire
core CPU

Figure 3-23. CAU configuration

Table 3-31. Reference links to related information

Topic Related module Reference
Full description CAU CAU

Table continues on the next page...
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Table 3-31. Reference links to related information (continued)

Topic Related module Reference
System memory map System memory map
Clocking Clock distribution
Power management Power management
Transfers V1 ColdFire core CPU Core

3.7.2 Random Number Generator (RNG) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

Random number
generator

Figure 3-24. RNG configuration

Table 3-32. Reference links to related information

Topic Related module Reference
Full description RNG RNG
System memory map System memory map
Clocking Clock distribution
Power management Power management

3.7.2.1 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.
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3.7.3 Cyclic Redundancy Check (CRC) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access
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Figure 3-25. CRC configuration

Table 3-33. Reference links to related information

Topic Related module Reference
Full description CRC CRC
System memory map System memory map
Power management Power management

3.7.3.1 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.

3.8 Analog

3.8.1 16-bit Analog-to-Digital Converter (ADC) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-26. 16-bit SAR ADC configuration

Table 3-34. Reference links to related information

Topic Related module Reference
Full description 16-bit SAR ADC 16-bit SAR ADC
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port mux control Signal multiplexing

3.8.1.1 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.

3.8.1.2 ADC instantiation information

This device contains one ADC. The ADC has an option for the ADC clock altclk. For this
chip, altclk is connected to OSC2ERCLK.

The number of ADC channels present on the device is determined by the pinout of the
specific device package. For details, refer to Signal Multiplexing.

The 32-pin version of the chip does not bond out VREFL and VREFH to package pins.
For this reason, this package cannot achieve the same level of ADC performance as the
packages with larger numbers of pins.
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3.8.1.3 DMA support on ADC

Applications may require continuous sampling of the ADC (4K samples/second) that
may impose considerable load on the CPU. Though using PDB to trigger ADC may
reduce some CPU load, the ADC supports DMA request functionality for higher
performance when the ADC is sampled at a very high rate or for cases where the PDB is
bypassed. The ADC can trigger the DMA (via DMA req) on conversion completion.

3.8.1.4 ADCO Channel Assignments

ADC Channel (ADCH) Channel Input (DIFF=1) Input (DIFF=0)
00000 DADO ADCO0_DPO and ADCO_DMO | ADCO_SEO
00001 DAD1 Reserved ADCO_SEH1
00010 DAD2 ADCO_DP1 and ADCO_DM1 | ADCO_SE2
00011 DAD3 Reserved ADCO_SES3
00100 AD4 Reserved 12-bit DAC
00101 AD5 Reserved -
00110 AD6 Reserved -
00111 AD7 Reserved -
01000 AD8 Reserved ADCO_SES8
01001 AD9 Reserved ADCO_SE9
01010 AD10 Reserved ADCO_SE10
01011 AD11 Reserved ADCO_SE11
01100 AD12 Reserved ADCO_SE12
01101 AD13 Reserved ADCO_SE13
01110 AD14 Reserved ADCO_SE14
01111 AD15 Reserved ADCO_SE15
10000 AD16 Reserved ADCO_SE16
10001 AD17 Reserved ADCO_SE17
10010 AD18 Reserved ADCO_SE18
10011 AD19 Reserved ADCO_SE19
10100 AD20 Reserved ADCO_SE20
10101 AD21 Reserved ADCO_SE21
10110 AD22 Reserved ADCO_SE22
10111 AD23 Reserved 6-bit DAC output
11000 AD24 Reserved Reserved
11001 AD25 Reserved Reserved
11010 AD26 Temperature Sensor Temperature Sensor (single
(differential) ended)
11011 AD27 VREF_OUT (differential) VREF_OUT (single ended)
11100 AD28 Reserved Reserved

Table continues on the next page...
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ADC Channel (ADCH) Channel Input (DIFF=1) Input (DIFF=0)

11101 AD29 VREFH (differential) VREFH (single ended)

11110 AD30 Reserved VREFL

11111 AD31 Module disabled Module disabled
NOTE

Each differential input in single ended mode can work as two
single ended ADC channels.

3.8.1.5 ADC Reference, Triggers, and Alternate Clock
ADC Reference

Select the reference on the ADC using the ADC's SC2[REFSEL] field. The available
options are:

 VREFH/VREFL - connected as the primary reference option

* 1.2 V VREF_OUT - connected as the V 5; 1 reference option

ADC Triggers

In addition to the PDB, the LPTMRO module is connected to the ADC as a trigger source.
LPTMRO can trigger the ADC in low power modes where the PDB does not work.
Triggering by the LPTMRO module allows the ADC to perform conversion in a low
power mode and store the output in the result register. When the data is ready in the result
register, the ADC generates an interrupt that will wake the system from low power mode.

Select the trigger source for the ADC using the SIM's SOPT7[ADTRGS] bit.

* PDB trigger (run mode)
* LPTMRO overflow (can work in stop mode)

Alternate Clock
The ADC's alternate clock is connected to OSC2ERCLK.

3.8.1.6 Clock Gating

The clock to the ADC module can be gated on and off using the SIM's SCGCx[ADC] bit.
This bit is cleared after any reset, which disables the clock to the module to conserve
power. Before initializing the ADC, set the SCGCx[ADC] bit to enable the clock.
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NOTE
The clock to the ADC cannot be gated during an active
conversion.

During a low power mode of operation, where the external clock to the ADC is gated, the
ADC can also operate on an internally generated clock. In this case, after the conversion
1s complete, an asynchronous interrupt can wake the system, enabling the clocks
(including the clock to the ADC) so the conversion results can be read.

3.8.2 Comparator (CMP) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-27. CMP configuration

Table 3-35. Reference links to related information

Topic Related module Reference
Full description Comparator (CMP) Comparator
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port mux control Signal multiplexing

3.8.2.1 CMP instantiation information

This chip has one high speed comparator module with an integrated 6-bit DAC and
analog mux. The CMP's 6-bit DAC sub-block supports selection of two voltage
references. For this chip, the references implemented are:
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* CMP V,,; is connected to VREF_OUT.
* CMP V,,, is connected to Vpp.

Table 3-36. CMP instantiation

CMPO feature Details
Number of 6-bit DACs 1

Analog mux size 8 input
Number of CMP OUT pins 1
External inputs on CMPO 4

The following table and list show the fixed internal connections to and output
connections of the CMP, respectively. For information about the specific pins to which
the input and output signals are assigned on a particular package, refer to the CMP
portion of the Module-by-module signals.

Table 3-37. CMP Input connections

CMP inputs CMP Pin name
CMP Inputi External input CMPO_INO
CMP Input2 External input CMPO_IN1
CMP Input3 External input CMPO_IN2
CMP Input4 External input CMPO_IN3
CMP Input5 12-bit DAC reference

CMP Input6 VREF output

CMP Input7 Reserved

CMP Input8 6-bit DAC reference

CMP output (CMPO) connections are:
e CMP output (CMP0O_OUT) pin
* FTMO channel O (set this connection using the SIM's SOPT7[ACFTM] bit)
* LPTMRO clock input and LPTMRI1 clock input (pulse count)
e FTMO fault input
* FTM1 fault input
e FTMO trigger
* FTM 1 trigger
e UART1 Rx input

3.8.2.2 External window/sample input

The analog comparator's external window/sample input is connected to the PDB channel
2's pulse-out.
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3.8.3 12-bit Digital-to-Analog Converter (DAC) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-28. 12-bit DAC configuration

Table 3-38. Reference links to related information

Topic Related module Reference
Full description 12-bit DAC 12-bit DAC
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port mux control Signal multiplexing

3.8.3.1 12-bit DAC Overview
The chip includes one 12-bit DAC with a 16 x 12 FIFO for DMA support.

3.8.3.2 12-bit DAC Instantiation

The output of this DAC can be placed on an external pin or set as one of the inputs to the
CMP or ADC.
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3.8.3.3 12-bit DAC Reference

For this chip, VREF_OUT and VDDA are available as the DAC reference. VREF_OUT
is connected to the DACREF _1 input and VDDA is connected to the DACREF_2 input.
Use the DACx_CO[DACREFS] control bit to select between these two options. Be aware
that if the DAC and ADC use the VREF_OUT reference simultaneously, some
degradation of ADC accuracy is to be expected due to DAC switching.

3.8.3.4 DAC DMA request

The DAC can generate a DMA request. The DAC generates requests in order to be
updated at the maximum speed. As soon as the DAC is ready to receive new data, it
generates a DMA request, triggering the next DAC data update.

3.8.4 Voltage Reference (VREF) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-29. VREF configuration

Table 3-39. Reference links to related information

Topic Related module Reference
Full description VREF VREF
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port mux control Signal multiplexing
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3.8.4.1 VREF Overview

The chip includes a voltage reference (VREF) intended to supply an accurate voltage
output that can be trimmed using the module's TRM[TRIM] field.

The VREEF can provide a reference voltage to external peripherals or a reference to
analog peripherals, such as the ADC or CMP.

The VREF is not available on the 32-pin package.

3.9 Timers

3.9.1 Programmable Delay Block (PDB) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-30. PDB configuration

Table 3-40. Reference links to related information

Topic Related module Reference
Full description PDB PDB
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port mux control Signal multiplexing

3.9.1.1 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.
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3.9.1.2 PDB Overview

Many applications need to synchronize the time that multiple ADC samples are taken

with respect to an external trigger or event. The programmable delay block provides
controllable delays from an external trigger or a programmable interval tick to the sample
trigger input of the ADCs and DAC:s.

3.9.1.3 PDB instantiation
Table 3-41. PDB output channels

PDB feature Details
Number of channels for ADC 1
Number of triggers per ADC channel 2
Number of channels for DAC 1
Number of DAC triggers 1
Additional channel for PulseOut 1
The following table identifies PDB input trigger options.

PDB trigger Trigger configuration PDB input
Trigger O 0b0000 PDB_EXTRG
Trigger 1 0b0001 CMP Output
Trigger 2 0b0010 reserved
Trigger 3 0b0011 reserved
Trigger 4 0b0100 reserved
Trigger 5 0b0101 reserved
Trigger 6 0b0110 reserved
Trigger 7 0b0111 reserved
Trigger 8 0b1000 FTMO Init and Ext Trigger Outputs
Trigger 9 0b1001 FTM1 Init and Ext Trigger Outputs
Trigger 10 0b1010 reserved
Trigger 11 Ob1011 MTIM output
Trigger 12 0b1100 LPTMRO
Trigger 13 0b1101 reserved
Trigger 14 0b1110 LPTMR1
Trigger 15 Ob1111 Software trigger

MCF51QM128 Reference Manual, Rev. 4, 08/2012

Freescale Semi

conductor, Inc.

111



Timers

3.9.1.4 PDB Module Interconnections

e PDB channel O 1s dedicated to the ADC.
e PDB channel 1 is dedicated to the DAC.
e PDB channel 2 is dedicated to the CMP.

3.9.1.5 PDB acknowledgement connections

* PDB channel O pre-trigger 0 acknowledgement input: ADCOSC1B_COCO
e PDB channel O pre-trigger 1 acknowledgement input: ADCOSC1A_COCO

3.9.1.6 PDB Interval Trigger Connection to DAC

In this chip, one PDB interval trigger connection to the DAC is implemented: PDB
interval trigger O connects to the DACO hardware trigger input.

3.9.1.7 DAC External Trigger Input Connection

In this chip, one DAC external trigger input is implemented:
* DAC external trigger input 0: ADCOSC1A_COCO

3.9.1.8 Pulse-Out Connection

The Pulse-Out of the PDB is connected to all the CMP blocks and used as the sample
window.

3.9.1.9 Pulse-Out Enable Register Implementation

The following table shows the comparison of the pulse-out enable register at the module
and chip level.

Table 3-42. PDB pulse-out enable register

Register Module implementation Chip implementation
PONnEN 7:0 - POEN 0 - POEN
31:8 - Reserved 31:1 - Reserved
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3.9.2 FlexTimer (FTM) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-31. FlexTimer configuration

Table 3-43. Reference links to related information

Topic Related module Reference
Full description FlexTimer FlexTimer
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port mux control Signal multiplexing

3.9.2.1 FTM overview

The FlexTimer (FTM) module supports input capture, output compare, and the
generation of PWM signals to control electric motor and power management
applications. The FTM's time reference is a 16-bit counter that can be used as an
unsigned or signed counter.
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3.9.2.2 FTM instantiation information

The chip contains two FlexTimer modules. The following table shows how these

modules are configured.

Table 3-44. FTM Instantiations

FTM instance

Number of channels

Target application

Additional features
supported

FTMO

2 (channels 0-1)

General purpose

Quadrature decoder

FTMA1

6 (channels 0-5)

3-phase motor and general

purpose

FTMO and FTM1 have four fault inputs. The output of the CMP is connected to the fault
input 3 of both FTMO and FTM1.

Table 3-45. FTM fault input sources

FTMx fault input FTMO fault source FTM1 fault source
Fault 0 FTM_FLTO FTM_FLTO
Fault 1 FTM_FLT1 FTM_FLT1
Fault 2 FTM_FLT2 FTM_FLT2
Fault 3 CMP_OUT CMP_OUT

Table 3-46. FTM trigger sources

Trigger source
FTMxSYNC bits (in SIM)

FTMx synchronization
FTMO and FTM1 TriggerO

CMP COUT FTMO and FTM1 Trigger1
FTMO_CHO FTM1 Trigger 2
FTM1_CHO FTMO Trigger 2

The 2-channel FTMO pins are available only on the 64-pin packages of the chip.
Although 1 channel is available on 44-pin and 48-pin packages and neither of the FTMO
pins is available on 32-pin packages, they remain available for software timer functions
and internal connections from the CMP OUT.

The CMP OUT is connected to FTMO Channel O to facilitate motor control applications.

Several FTM signals are and can be routed to multiple pins. For details about these pins
and about programming port mux control registers to assign an FTM function to those
pins, refer to signal multiplexing.
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3.9.2.3 FTM external clock options

By default, each FTM is clocked by the chip's system clock (the FTM itself also refers to
it as the system clock). Each module has a register setting that allows the module to be
clocked from an external clock instead. There are two external TMR_CLKINX pins that
can be selected by either FTM module via the SOPTS5 register in the SIM module.

3.9.3 Modulo Timer (MTIM) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-32. MTIM configuration

Table 3-47. 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 mux control Signal multiplexing

3.9.3.1 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_CLKINx pins with the FlexTimer modules.
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3.9.4 Low Power Timer (LPTMR) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-33. LPTMR configuration

Table 3-48. Reference links to related information

Topic Related module Reference
Full description Low power timer LPTMR
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port mux control Signal multiplexing

3.9.4.1 LPTMR overview

The chip contains two 16-bit low power timer (LPTMR) modules that operate in all of
the chip's power modes (including LLS and VLLSx). The LPTMRSs can operate as either
a real time interrupt or as a pulse accumulator. They include a 5-bit prescaler (real time
interrupt mode) or glitch filter (pulse accumulator mode) and can be clocked from the
internal reference clock, external reference clock, or internal 1 kHz LPO. An interrupt is
generated (and the counter can reset) when the counter equals the value in the 16-bit
compare register.

To use an LPTMR as a wakeup source for the LLWU, refer to LLWU wakeup sources
about the particular LLWU inputs to enable.
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NOTE
The internal reference clock (IRC) is generated by the MCG
module and can be set to be in the 30 kHz range or to the 2
MHz range.

3.9.4.2 LPTMR pin connections
Each LPTMR module has one 16-bit channel.

There are three LPTMR pins: LPTMR_ALTI1, LPTMR_ALT?2, and LPTMR_ALT3.
Each of these are connected to both LPTMRO and LPTMRI1 and can be selected by each
module's CSR[TPS] field with the settings 01, 10, and 11, respectively.

The CMP output pin can also be connected to both LPTMRO and LPTMRI by setting
each module's CSR[TPS] field to 00. This configuration allows pulse counting of the
CMP output.

3.9.4.3 LPTMR clock options
Each module's PSR[PCS] field controls the selection of external clock options. For both
LPTMRO and LPTMRI1:
 Setting PSR[PCS] to 00 selects the MCGIRCLK internal reference clock (not
available in low leakage power modes).
» Setting PSR[PCS] to 01 selects the internal 1 kHz LLPO clock.
 Setting PSR[PCS] to 10 selects OSC1_32KCLK, the 32.768 kHz clock from OSC1.
This connection is optimized for minimal power consumption in stop modes.

The effect of setting PSR[PCS] to 11 differs for the two LPTMRs:
* For LPTMRO, this setting selects the bus clock.
* For LPTMRI, this setting selects OSC2ERCLK.

3.9.4.4 LPTMR register reset

All LPTMR registers are reset by Chip POR not VLLS and by POR Only, which triggers
Chip POR not VLLS. LPTMR registers are unaffected by other reset types. For
information about the various reset types on this chip, refer to the Reset details.
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3.9.5 Carrier Modulator Transmitter (CMT) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-34. CMT configuration

Table 3-49. Reference links to related information

Topic Related module Reference
Full description Carrier modulator CMT
transmitter (CMT)
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port mux control Signal multiplexing

3.9.5.1 CMT instantiation information

The chip contains one CMT module, which supports DMA.

3.9.5.2 CMT IRO drive strength

The IRO pad requires higher current drive than can be obtained from a single pad. For
this chip, the pin associated with the CMT_IRO signal is doubled bonded to two pads.

The SIM's SOPT6[PTCS5PAD] bit can be used to configure the pin associated with the
CMT_IRO signal as a higher current output port pin.
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3.10 Communication interfaces

3.10.1 Serial Peripheral Interface (SPI) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-35. SPI configuration

Table 3-50. Reference links to related information

Topic Related module Reference
Full description SPI SPI
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port mux control Signal multiplexing

3.10.1.1 Number and instantiation of SPI modules

The device contains two SPI modules. SPIO has a 64-bit FIFO; SPI1 does not have a
FIFO. In other regards, the two modules are identical.

3.10.1.2 SPI baud rate

The SPI is designed to run at a baud rate up to the bus clock divided by two when the
module is in master mode and up to the bus clock divided by four when the module is in
slave mode.

MCF51QM128 Reference Manual, Rev. 4, 08/2012
Freescale Semiconductor, Inc. 119




Communication interfaces

The device's maximum CPU frequency is 50 MHz with a maximum bus clock of 25
MHz. As a result, the SPI design supports a master baud rate up to 12.5 Mbps and a slave
baud rate up to 6.25 Mbps.

NOTE
For the actual maximum SPI baud rate in master and slave
modes, refer to the device's Data Sheet.

3.10.2 Inter-Integrated Circuit (I12C) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-36. 12C configuration

Table 3-51. Reference links to related information

Topic Related module Reference
Full description e 12C
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port mux control Signal multiplexing

3.10.2.1 Number of 12C modules

The device's 64-pin packages have four identical I’C modules.

Each of the device's other packages has three identical I2C modules.
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3.10.3 Universal Asynchronous Receiver/Transmitter (UART)
Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-37. UART configuration

Table 3-52. Reference links to related information

Topic Related module Reference
Full description UART UART
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port mux control Signal multiplexing

3.10.3.1 UART instances

This device contains two identical UART modules. Each UART:
* is clocked by the system clock (SYSCLK).
* has 8-entry transmit and 8-entry receive (64-bit) FIFOs. In the PFIFO register of each
UART, the TXFIFOSIZE and RXFIFOSIZE fields both reset to 010b.

3.10.3.2 UART wakeup

The UART can be configured to generate an interrupt/wakeup on the first active edge that
it receives.
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3.10.3.3 UART support for opto-isolated interface

The PTCS pin, to which the UARTO_TX signal can be muxed, supports high drive

strength to provide an opto-isolated interface. To enable this feature, use the PTCSPAD
bit in the SIM.

Similarly: The PTF6 pin, to which the UART1_TX signal can be muxed, supports high

drive strength to provide an opto-isolated interface. To enable this feature, use the
PTF6PAD bit in the SIM.

3.11 Human-machine interfaces (HMI)

3.11.1 Rapid GPIO (RGPIO) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-38. RGPIO configuration

Table 3-53. Reference links to related information

Topic Related module Reference
Full description RGPIO RGPIO
System memory map System memory map
Clocking Clock distribution
Power management Power management
Transfers Crossbar switch Crossbar switch
Signal multiplexing Port mux control Signal multiplexing
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3.11.1.1 Number of available RGPIO pins

The maximum number of 16 RGPIO pins is available in the 64-pin packages. Smaller
packages have fewer available RGPIO pins. For details, refer to package pinout
information in Signal Multiplexing.

3.11.1.2 RGPIO clock gating
Clock gating is not available for RGPIO.

3.11.2 Enhanced GPIO (EGPIO) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-39. EGPIO configuration

Table 3-54. Reference links to related information

Topic Related module Reference
Full description EGPIO Parallel Input/Output Control
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port mux control Signal multiplexing

3.11.2.1 Instantiation Information

The maximum total number of GPIO pins for general purpose is 48 in the 64-pin
packages. Smaller packages have fewer available GPIO pins. For details, refer to package
pinout information in Signal Multiplexing.
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GPIO pins are configured in 8-pin ports. The peripheral bus interface for the EGPIO
operates at the bus clock.

Only two EGPIO ports have the digital filter feature: Port B and Port C. The other ports
do not have this feature.

3.11.2.2 EGPIO registers

Every EGPIO port has two banks of registers. Each bank has a separate base address
shared by all ports' registers in that bank.
1. One bank consists of registers for general port control. For details about these
registers, refer to Port Control.
2. The other bank's registers control functions such as configurable slew rate, drive
strength, pullups/pulldowns, and passive input filters. For details about these
registers, refer to Parallel Input/Output Control.

3.11.3 Touch Sense Input (TSI) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-40. TSI configuration

Table 3-55. Reference links to related information

Topic Related module Reference
Full description TSI TSI
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port mux control Signal multiplexing
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3.11.3.1 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.

3.11.3.2 Number and instantiation of inputs

This device includes one TSI module containing 16 inputs. The maximum number of 16
inputs is available in the 64-pin packages. Smaller packages have fewer available TSI
inputs. For details, refer to package pinout information in Signal Multiplexing.

In low power modes, one selectable pin is active and able to wake the MCU.

3.11.3.3 TSI clock names

This table shows clock names in the TSI module's chapter and the corresponding names
of the chip clocks.

Table 3-56. TSI clock connections

Module clock mame Chip clock name
BUSCLK BUSCLK
MCGIRCLK MCGIRCLK
OSCERCLK OSC2ERCLK
LPOCLK LPO
VLPOSCCLK OSC1_32KCLK

3.11.3.4 TSI module functionality in MCU operation modes
Table 3-57. TSI module functionality in MCU operation modes

MCU operation mode TSI clock sources TSI operation mode | Functional electrode Required
when GENCS[TSIEN] pins GENCS[STPE] state
is1

Run BUSCLK, MCGIRCLK, |Active mode All Don’t care
OSC2ERCLK

Wait BUSCLK, MCGIRCLK, |Active mode All Don't care
OSC2ERCLK

Stop MCGIRCLK, Active mode All 1
OSC2ERCLK

Table continues on the next page...
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Table 3-57. TSI module functionality in MCU operation modes (continued)

MCU operation mode TSI clock sources TSI operation mode | Functional electrode Required
when GENCS|[TSIEN] pins GENCS[STPE] state
is1
VLPR BUSCLK, MCGIRCLK, |[Active mode All Don’t care
OSC2ERCLK
VLPW BUSCLK, MCGIRCLK, |Active mode All Don'’t care
OSC2ERCLK
VLPS OSC2ERCLK Active mode All 1
LLS LPO, OSC1_32KCLK |Low power mode Determined by 1
PEN[LPSP]
VLLS3 LPO, OSC1_32KCLK |Low power mode Determined by 1
PEN[LPSP]
VLLS2 LPO, OSC1_32KCLK |Low power mode Determined by 1
PEN[LPSP]
VLLSH LPO, OSC1_32KCLK |Low power mode Determined by 1
PEN[LPSP]

3.11.3.5 TSI Interrupts

The TSI has multiple sources of interrupt requests. However, these sources are ORed
together to generate a single interrupt request. When a TSI interrupt occurs, read the TSI
status register to determine the exact interrupt source.

3.11.4 External Interrupt (IRQ) Module Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-41. IRQ module configuration

Table 3-58. Reference links to related information

Topic Related module Reference
Full description External Interrupt (IRQ) IRQ
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port mux control Signal multiplexing

MCF51QM128 Reference Manual, Rev. 4, 08/2012
Freescale Semiconductor, Inc. 127




Human-machine interfaces (HMI)

MCF51QM128 Reference Manual, Rev. 4, 08/2012

128 Freescale Semiconductor, Inc.




Chapter 4
Memory Map

4.1 System Memory Map

Depending on the device variant and package, the chip supports up to 128 KB of program
flash and 32 KB of FlexNVM. This configuration provides up to 160 KB of program
flash, up to 2 KB of high-endurance EEPROM, or other partitioning options.

64-pin versions of the device allow flash and memory to be supplemented with off-chip
storage via the Mini-FlexBus. The off-chip memory storage space is marked as available
for off-chip expansion.
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Address Range
0x(00)00_0000

0x(00)3F_FFFF
0x(00)40_0000

0x(00)7F_FFFF
0x(00)80_0000

0x(00)9F _FFFF
0x(00)A0_0000

0x(00)BF_FFFF
0x(00)C0_0000

0x(00)CO_000F
0x(00)C0_0010

OX(FF)FF_7FFF
Ox(FF)FF_8000

Ox(FF)FF_FFFF

V1 ColdFire Memory Usage

Allocated to on-chip flash
memory

Availablefor off-chip expansion

Allocated to on-chip RAM

Availablefor off-chip expansion

ColdFire Rapid GPIO

Unimplemented

Save Peripherals

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. The following table outlines these restrictions. Unsupported
access types terminate the bus cycle with an error. In response to a bus error termination,
the chip can be configured to generate a system reset, such as by ensuring the
CPUCR[ARD] bit is 0.

Table 4-1. CPU Access Type Allowed by Region
Read' Write!
Base Address Region
Byte Word Long Byte Word Long

0x(00)00_0000 Program flash? X X X — — —
0x(00)20_0000 FlexNVM?2 X X X — — —
0x(00)28_0000 FlexRAM X X X X X X
0x(00)40_0000 Mini-FlexBus X X X X X X
0x(00)80_0000 RAM X X X X X X

Table continues on the next page...

MCF51QM128 Reference Manual, Rev. 4, 08/2012

130

Freescale Semiconductor, Inc.
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Table 4-1. CPU Access Type Allowed by Region (continued)
Read’ Write!
Base Address Region
Byte Word Long Byte Word Long
0x(00)A0_0000 Mini-FlexBus X X X X X X
0x(00)C0_0000 Rapid GPIO X X X X X X
Ox(FF)FF_go00 | cfipherals on 8-bit X X X X X X
peripheral bus

—_

Byte is 8-bit, Word is 16-bit, and Long is 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-bit 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 the following
table shows.

Table 4-2. High Level System Memory Map

Memory Description Comment
0x(00)00_0000 - 0x(00)01_FFFF Program flash space Smaller areas for 32 KB and 64 KB
derivatives

0x(00)02_0000 - 0x(00)1F_FFFF
0x(00)20_0000 - 0x(00)20_7FFF

Unimplemented Bus error - illegal address

Shared memory with EEPROM that can
be used as program flash if no data flash
or EEPROM is used

Bus error - illegal address

Up to 2 KB RAM available' if no
EEPROM is used

Bus error - illegal address

FlexNVM space

0x(00)20_8000 - 0x(00)27_FFFF Unimplemented

0x(00)28_0000 - 0x(00)28_07FF
0x(00)28_8000 - 0x(00)3F_FFFF

FlexRAM space

Unimplemented

)
)
)
)

0x(00)40_0000 - 0x(00)7F_FFFF Mini-FlexBus

0x(00)80_0000 - 0x(00)9F_FFFF RAM mirrored in intervals of the chip's Mirrored all across this space
RAM size?

0x(00)A0_0000 - 0x(00)BF_FFFF Mini-FlexBus Memory expansion

0x(00)C0_0000 - 0x(00)CO_000F RGPIO 16 RGPIO pins

0x(00)CO_000F - 0x(FF)FF_7FFF Unimplemented Bus error - illegal address

Ox(FF)FF_8000 - Ox(FF)FF_FFFF Peripheral Bus See Table 4-4

1. Refer to Feature Summary by Package for information about FlexRAM size for your specific chip.
2. RAM size is 8 KB, 16 KB, or 32 KB. See RAM sizes for your specific chip's RAM size.

Table 4-3. High Level Program Flash Memory Map

Address range

Purpose

Reference

0x(00)00_0000 to 0x(00)00_03FC

Standard program flash memory, interrupt vector
table

Interrupt channel assignments

0x(00)00_03FD to 0x(00)00_03FF

Standard program flash memory, space for
custom oscillator-frequency trim settings

MCG oscillator-frequency trim
settings: factory and custom

Table continues on the next page...
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Table 4-3. High Level Program Flash Memory Map (continued)

Address range

Purpose

Reference

0x(00)00_0400 to 0x(00)00_040F

Flash Configuration Field

Description

Flash Configuration Field

0x(00)00_0410 to upper limit

Standard program flash memory

Table 4-4. High Level Peripheral Memory Map

Peripheral Description Instance Name | Base Address
RGPIO Rapid General Purpose 1/0 RGPIO 0x(00)C0_0000
Port I/0O Module |Enhanced General Purpose I/O PTA Ox(FF)FF_8000
Port /0 Module |Enhanced General Purpose /0O PTB 0x(FF)FF_8010
Port I/O Module |Enhanced General Purpose I/O PTC Ox(FF)FF_8020
Port I/O Module |Enhanced General Purpose I/O PTD Ox(FF)FF_8030
Port I/0 Module |Enhanced General Purpose /0O PTE 0x(FF)FF_8040
Port I/O Module |Enhanced General Purpose I/O PTF Ox(FF)FF_8050
Register File Register File RF Ox(FF)FF_8060
Port Mux Port Mux Controls MXC O0x(FF)FF_8080
Controls
IRQ External Interrupt Module IRQ Ox(FF)FF_80AO0
LLWU Low Leakage Wakeup Unit LLWU Ox(FF)FF_80B0
SIM System Integration Module SIM Ox(FF)FF_80CO0
PMC Power Management Controller PMC O0x(FF)FF_8100
RCM Reset Control Module RCM Ox(FF)FF_8110
SMC System Mode Controller SMC Ox(FF)FF_8118
0sC OSC Control Register 0OSCH1 Ox(FF)FF_8120
OSsC OSC Control Register 0OSC2 0x(FF)FF_8130
UART Universal Asynchronous Receiver/Transmitter (with FIFO) UARTO Ox(FF)FF_8140
UART Universal Asynchronous Receiver/Transmitter (with FIFO) UART1 Ox(FF)FF_8160
SPI Serial Peripheral Interface (with FIFO) SPI0 Ox(FF)FF_81A0
SPI Serial Peripheral Interface (without FIFO) SPI1 Ox(FF)FF_81B0
12C Inter-Integrated IC 12C0 0x(FF)FF_81CO0
12C Inter-Integrated IC 12C1 O0x(FF)FF_81D0
12C Inter-Integrated IC 12C2 0x(FF)FF_81EO
12C Inter-Integrated IC 12C3 Ox(FF)FF_81F0
Reserved Ox(FF)FF_8200
MCG Multipurpose Clock Generator MCG 0x(FF)FF_8400
MTIM16 16-Bit Modulo Timer MTIM Ox(FF)FF_8410
CMT Carrier Modulator Transmitter CMT 0x(FF)FF_8420
2-channel FTM  |2-channel Flex Timer / PWM Module FTMO Ox(FF)FF_8440
6-channel FTM  |6-channel Flex Timer / PWM Module FTM1 Ox(FF)FF_8480
LPTMR Low Power Timer LPTMRO Ox(FF)FF_84CO0

Table continues on the next page...
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Table 4-4. High Level Peripheral Memory Map (continued)

Peripheral Description Instance Name | Base Address
LPTMR Low Power Timer LPTMR1 Ox(FF)FF_84D0
Flash Flash Controller FTFL 0x(FF)FF_84E0
DAC 12-bit Digital-to-Analog Converter DACO Ox(FF)FF_8500
CMP High Speed Analog Comparator (includes mux control and 6- CMPO Ox(FF)FF_8530
bit DAC control)
PDB Programmable Delay Block PDBO Ox(FF)FF_8540
CRC Cyclic Redundancy Check Generator CRC Ox(FF)FF_8570
ADC Successive Approximation Analog-to-Digital Converter (16- ADCO Ox(FF)FF_8600
bit)
VREF Voltage Reference VREF Ox(FF)FF_8670
Reserved 0x(FF)FF_8680
Reserved Ox(FF)FF_9000
Port Control Port I/0 Control Module PCTLA 0x(FF)FF_9200
Port Control Port I1/0 Control Module PCTLB Ox(FF)FF_9210
Port Control Port I/0 Control Module PCTLC 0x(FF)FF_9220
Port Control Port I/0O Control Module PCTLD O0x(FF)FF_9230
Port Control Port I1/0 Control Module PCTLE Ox(FF)FF_9240
Port Control Port I/0O Control Module PCTLF 0x(FF)FF_9250
Reserved Ox(FF)FF_9340
TSI Touch Sensing Input TSIO 0x(FF)FF_9400
RNGB Random Number Generator Block RNGB Ox(FF)FF_98C0
DMA Direct Memory Access Controller DMA Ox(FF)FF_E400
Mini-FlexBus External Memory Interface MB 0x(FF)FF_E800
INTC V1 ColdFire Interrupt Controller INTC Ox(FF)FF_FFCO

All Version 1 ColdFire+ microcontroller devices use an 8-bit peripheral bus. The bus
bridge from the ColdFire system bus to the peripheral bus is capable of serializing 16-bit
accesses into two 8-bit accesses and 32-bit access into four 8-bit accesses. This approach
can speed access to properly aligned peripheral registers. However, not all peripheral
registers are aligned to take advantage of this feature.

CPU accesses to the parts of the memory map that are marked as unimplemented result in
an illegal address reset if CPUCR[ARDY] is O or result in an address error exception if
CPUCR[ARDY] is 1. Similarly, in the memory maps for the DMA controller and Mini-
FlexBus modules, CPU accesses to unimplemented spaces result in an illegal address
reset if CPUCR[ARD] is 0 or result in an address error exception if CPUCR[ARD] is 1.
For other slave peripherals with addresses from Ox(FF)FF_8000 to 0x(FF)FF_FFFF, CPU
accesses do not generate an illegal address reset or exception regardless of the
CPUCR[ARD] bit's state.
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Read-after-write sequence and required serialization of memory operations

The lower 32 KB of flash memory and the slave peripherals section of the memory map
are most efficiently accessed using the ColdFire absolute short addressing mode. RAM is
most efficiently accessed using the AS-relative addressing mode (address register indirect
with displacement mode).

4.2 Read-after-write sequence and required serialization of
memory operations
In some situations, a write to a peripheral must be completed fully before a subsequent
action can occur. Examples of such situations include:
 Exiting an interrupt service routine (ISR)
* Changing a mode
* Configuring a function

In these situations, application software must perform a read-after-write sequence to
guarantee the required serialization of the memory operations:

1. Write the peripheral register.

2. Read the written peripheral register to verify the write.

3. Continue with subsequent operations.

NOTE
One factor contributing to these situations is processor write
buffering. The processor architecture has a programmable
configuration bit to disable write buffering: CPUCR[BWD].
However, disabling buffered writes is likely to degrade system
performance much more than simply performing the required
memory serialization for the situations that truly require it.
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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.

5.2.1 High-Level device clocking diagram

The high-level clock diagram is shown below.
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MCG SIM Clock Control

See MCG details for more information |
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|
|
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/ MCGOUTCLK I I
™ | |  CPUCLK (to CPU)
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Figure 5-1. Clocking diagram

5.2.2 Device Clock Summary

The following table summarizes the on-chip clocks.
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MCG clock references

Chapter 5 Clock Distribution

MCG reference clock name

Description

0OSC2CLK

OSC2 output, crystal or external clock

IRC (fast and slow)

Internal reference of the MCG

Table 5-2. Device clock summary

Clock name Run mode clock VLPR mode clock Clock source Clock is disabled...
frequency frequency
MCGOUTCLK Up to 100 MHz" Up to 2 MHz MCG In all stop modes
Core clock (CPUCLK) |Up to 50 MHz Up to 2 MHz System clock In wait and all stop modes
System clock Up to 50 MHz Up to 2 MHz MCGOUTCLK In all stop modes
(SYSCLK) clock divider
Bus clock (BUSCLK) |Up to 25 MHz Up to 1 MHz MCGOUTCLK In all stop modes
clock divider
Fixed frequency clock |Up to 39.0625 kHz N/A Slow IRC or In all stop modes
(MCGFFCLK) 0OSC2CLK
FLL output clock Up to 100 MHz! N/A MCG In all stop modes
(MCGFLLCLK)
PLL output clock Up to 100 MHz' N/A MCG In stop mode when the MCG's
(MCGPLLCLK) C5[PLLSTEN] bit is cleared,
or
In VLPS, LLS, or a VLLSx
mode
Background Debug |Up to 50 MHz Up to 4 MHz MCG: SYSCLK |In all stop modes
Controller (BDC) clock (50 MHz) or fast
(MCGBDCCLK) IRC (4 MHz)
Internal reference 30-40 kHz or 2 MHz 2 MHz only Internal source  |When MCG's C1[IRCLKEN]
(MCGIRCLK) bit is cleared,

In stop mode when the MCG's
C1[IREFSTEN] bit is cleared,
or

In VLPS, LLS, or a VLLSx
mode

External reference
(OSC1ERCLK)

Up to 50 MHz (bypass),

30-40 kHz (low-range
crystal), or

1-32 MHz (high-range
crystal)

Up to 4 MHz (bypass),

30-40 kHz (low-range
crystal), or

Up to 4 MHz (high-
range crystal)

0OSC1

When OSC1_CR[ERCLKEN]
is cleared, or

In all stop modes when both
OSC1_CR[EREFSTEN] and
SIM_OSC1[OSC1EN] are
cleared

External reference
(OSC1_32KCLK)

30-40 kHz (low-range
crystal)

30-40 kHz (low-range
crystal)

OSCH

When OSC1_CR[ERCLKEN]
is cleared and
SIM_OSC1[OSC1EN] is
cleared, or

In all stop modes when both
OSC1_CR[EREFSTEN] and
SIM_OSC1[OSC1EN] are
cleared

Table continues on the next page...
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Table 5-2. Device clock summary (continued)

Clock name

Run mode clock
frequency

VLPR mode clock
frequency

Clock source

Clock is disabled...

External reference
(OSC2ERCLK)

Up to 50 MHz (bypass),

30-40 kHz (low-range
crystal), or

1-32 MHz (high-range
crystal)

Up to 4 MHz (bypass),

30-40 kHz (low-range
crystal), or

Up to 4 MHz (high-
range crystal)

(OR1072]

When OSC2_CR[ERCLKEN]
is cleared, or

In all stop modes when
OSC2_CR[EREFSTEN] is
cleared

External reference
(OSC2CLK)

Up to 50 MHz (bypass),

30-40 kHz (low-range
crystal), or

1-32 MHz (high-range
crystal)

Up to 4 MHz (bypass),

30-40 kHz (low-range
crystal), or

Up to 4 MHz (high-
range crystal)

(OR1072]

In all stop modes where
OSC2ERCLK is disabled

Low power oscillator
clock (LPO)

1 kHz

1 kHz

PMC

Never

1. When MCGOUTCLK, MCGFLLCLK, or MCGPLLCLK is used as the source of CPUCLK/SYSCLK and BUSCLK, it must be
divided down to ensure CPUCLK/SYSCLK and BUSCLK remain within their specified ranges.

5.2.3 Architecture

Various clocks are generated by dividing the MCGOUTCLK clock:
e Core (CPU) clock (CPUCLK): Clocks the ColdFire V1 core
» System clock (SYSCLK): Clocks the crossbar switch and bus masters directly
connected to the crossbar. In addition, this clock is used for UARTO and UART1.
* Bus clock (BUSCLK): Clocks the bus slaves and peripherals (excluding memories)

5.2.4 Clock divider requirements

The flash memory's LPBOOT bit of the option byte loaded to the FTFL_FOPT register
controls the reset value of the core clock, system clock, and bus clock dividers. For a
definition of LPBOOT and other bits of the option byte, refer to FOPT boot options.

Table 5-3. LPBOOT's effect on clock dividers

LPBOOT SIM_CLKDIVO[OUTDIV] Core/system clock Bus clock Description
0 OxF Divide by 16 Divide by 32 Low power boot
0x0 Divide by 1 Divide by 2 Fast clock boot

The LPBOOT bit provides the flexibility to select a lower frequency, low power boot
option. The flash erased state defaults to fast clocking mode, because where the low
power boot (LPBOOT) bit resides in flash is logic 1 in the flash erased state.
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To enable the low power boot option, program LPBOOT (in the option byte of the FTFL
module's flash configuration field) to 0. During the reset sequence, if LPBOOT is 0, the
system is in a slow clock configuration. Upon any system reset, the clock dividers return
to this configurable reset state.

5.2.5 Clock gating

The clock to each module can be individually gated on and off using the SIM's SCGCx
registers. These bits are cleared after any reset, which disables the clock to the
corresponding module to conserve power. Prior to initializing a module, set the
corresponding bit in SCGCx register to enable the clock. Before turning off the clock,
disable the module or place the module in its default configuration.

Turning off the clock for an enabled, working module can produce unexpected behavior.

5.2.6 Module clocks

The following table summarizes the clocks associated with each module.

Table 5-4. Module clock options

Module | Bus interface clock | Internal clocks | I/0 interface clocks

Core and system peripherals

CPU CPUCLK CPUCLK
CAU SYSCLK
RNG BUSCLK
DBG SYSCLK
BDC SYSCLK MCGBDCCLK
EzPort SYSCLK EZP_CLK
DMA SYSCLK
RAM SYSCLK
Flash (and FlexMemory)
BUSCLK |
External memory interface
Mini-FlexBus SYSCLK FB_CLKOUT!
CRC BUSCLK
Timers

MTIM BUSCLK MCGFFCLK, FTMO_CH1, TMR_CLKINO pin,

FTM1_CH1 TMR_CLKINT1 pin
LPTMR1 BUSCLK LPO, OSC2ERCLK,

0OSC1_32KCLK, MCGIRCLK

Table continues on the next page...
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Table 5-4. Module clock options (continued)

Module Bus interface clock Internal clocks 1/0 interface clocks

LPTMRO BUSCLK MCGIRCLK, OSC1_32KCLK,

LPO
COP BUSCLK LPO
FTMO, FTMA1 SYSCLK MCGFFCLK TMR_CLKINO pin,

TMR_CLKIN1 pin
PDB BUSCLK
CMT BUSCLK
Analog

ADC BUSCLK OSC2ERCLK, ADC

asynchronous clock
VREF BUSCLK
CMP BUSCLK
DAC BUSCLK

Communications

SPIO, SPI1 BUSCLK SPIx_SCLK
UARTO, UART1 SYSCLK
[2Co, 12C1, 12C2, I12C3 BUSCLK

Human-machine interface

TSI BUSCLK LPO, OSC1_32KCLK,
OSC2ERCLK, MCGIRCLK

EGPIO BUSCLK
RGPIO SYSCLK
IRQ BUSCLK

1. The frequency of FB_CLKOUT is 25 MHz.

Internally generated module clocks include:
e ADC asynchronous clock: Internally generated ADC conversion clock

5.2.6.1 VLPR Mode Clocking

The clock dividers cannot be changed while in VLPR mode. They must be programmed
prior to entering VLPR mode to guarantee the core/system clocks are less than or equal to
2 MHz.

5.2.6.2 UART Clocking

The UARTO and UART1 modules operate from SYSCLK, which provides a higher
performance level for these modules. The maximum baud rate is (UART Clock)/16 or
3.125 MHz.
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5.2.6.3 PMC's LPO clock

The PMC generates a 1 kHz low power oscillator clock (LPO) that operates in all modes
of operation, including all low power modes (whenever the PMC is powered).

This clock is a source for the following destinations:
* LPTMRO/LPTMRI1
* EGPIO filter
* Touch sensing interface (TSI)
* COP watchdog
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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)
* [llegal address detect (ILAD)
* Multipurpose Clock Generator loss of clock (LOC)
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* Low-voltage detect (LVD)

* Low leakage wakeup (WAKEUP)

» Stop mode acknowledge error (SACKERR)

* EzPort RESET command (EZPT)

» Background debug forced reset (BDFR)

Each of these sources has an associated bit in the system reset status (SRS) registers.

6.1.1.1 Power-on reset (POR)

When power is initially applied to the MCU, or when the supply voltage drops below the
power-on reset re-arm voltage level (VPOR), the POR circuit causes a POR reset
condition.

As the supply voltage rises, the LVD circuit holds the MCU in reset until the supply rises
above the LVD low threshold (VLVDL). The RCM's SRSO[POR] and SRSO[LVD] bits
are both set following a POR.

6.1.1.2 External RESET pin (PIN)

On this series of devices, the RESET pin is multiplexed with GPIO. By default, the
RESET function on this pin is enabled. This pin is open drain and has an internal pullup
device and an optional digital filter. Asserting RESET low can wake the device from any
mode.

6.1.1.2.1 Reset Pin Filter

The RESET pin filter supports filtering from both the 1 kHz LPO clock and the bus
clock. A separate filter is implemented for each clock source. In stop and VLPS mode
operation, this logic either switches to bypass operation or has continued filtering
operation depending on the filtering mode selected.

The RPFC[RSTFLTSS], RPFC[RSTFLTSRW], and RPFW[RSTFLTSEL] fields in the
reset control (RCM) register set control this functionality. The filters are asynchronously
reset by Chip POR. The reset value for each filter assumes the RESET pin is negated.

The two clock options for the RESET pin filter when the chip is not in low leakage
modes are the LPO (1 kHz) and bus clock. For low leakage modes, the LLWU provides
control of an optional fixed digital filter running the LPO.
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The 1 kHz filter has a fixed filter value of 3. Due to a synchronizer on the input data,
there is also some associated latency (2 cycles). As a result, 5 cycles are required to
complete a transition from low to high or high to low.

The bus filter should synchronously prime to off (logic 1) when the bus filter is not
enabled. The bus clock is used when the filter selects bus clock, and the number of counts
is controlled by the RPFW[RSTFLTSEL] field.

6.1.1.3 COP watchdog (WDOG) timer

The computer operating properly (COP) watchdog timer monitors the operation of the
system by expecting periodic communication from the software. This communication is
generally known as servicing (or refreshing) the COP watchdog. If this periodic
refreshing does not occur, the watchdog issues a system reset. The COP reset causes the
RCM's SRSO[WDOG] bit to set.

6.1.1.4 lllegal opcode detect (ILOP)

By default, the V1 ColdFire core generates a MCU reset when attempting to execute an
illegal instruction (except for the ILLEGAL opcode), illegal line-A instruction, illegal
line-F instruction, or a supervisor instruction while in user mode (privilege violation).
You may set the core's CPUCR[IRD] bit to generate the appropriate exception instead of
forcing a reset.

NOTE
The attempted execution of the STOP instruction is treated as
an illegal instruction if entry to stop or wait mode is disabled
because the STOPE or WAITE bit is cleared in the SIM's
SOPT4 register.

NOTE
The attempted execution of the HALT instruction is treated as
an illegal instruction if the core's XCSR[ENBDM] bit is
cleared.
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6.1.1.5 lllegal address detect (ILAD)

By default, the V1 ColdFire core generates an MCU reset when detecting an address
error, bus error termination, RTE format error, or fault-on-fault condition. If the core's
CPUCR[ARD] bit is set, the processor generates the appropriate exception instead of
forcing a reset, or simply halts the processor in response to the fault-on-fault condition.

6.1.1.6 Multipurpose Clock Generator loss of clock (LOC)
The MCG module supports an external reference clock.

If the C6|CME] bit in the MCG module is set, the clock monitor is enabled. If the
external reference falls below fjo¢ jow OF fioc_nigh, as controlled by the C2[RANGE] field
in the MCG module, the MCU resets. The RCM's SRSO[LOC] bit is set to indicate this
reset source.

NOTE
This reset source does not cause a reset if the chip is in any stop
mode.

6.1.1.7 Low voltage detect (LVD)

The chip includes a system for managing low voltage conditions to protect memory
contents and control MCU system states during supply voltage variations. The system
consists of a power-on reset (POR) circuit and an LVD circuit with a user-selectable trip
voltage. The LVD system is always enabled in normal run, wait, or stop mode. The LVD
system is disabled when entering VLPx, LLS, or VLLSx modes.

The LVD can be configured to generate a reset upon detection of a low voltage condition
by setting the PMC's LVDSCI[LVDRE] bit to 1. The low voltage detection threshold is
determined by the PMC's LVDSCI1[LVDV] field. After an LVD reset has occurred, the
LVD system holds the MCU in reset until the supply voltage has risen above the low
voltage detection threshold. The RCM's SRSO[LVD] bit is set following either an LVD
reset or POR.

6.1.1.8 Low leakage wakeup (WAKEUP)

The LLWU module provides the means for a number of external pins, the RESET pin,
and a number of internal peripherals to wake the MCU from low leakage power modes.
The LLWU module is functional only in low leakage power modes.
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e In LLS mode, only the RESET pin via the LLWU can generate a system reset.
* In VLLSx modes, all enabled inputs to the LLWU can generate a system reset.

After a system reset, the LLWU retains the flags indicating the input source of the last
wakeup until the user clears them.

NOTE
During a reset sequence initiated via the LLWU, if neither
BDM nor EzPort mode is latched, the CPU immediately fetches
the LLWU interrupt service routine (ISR). Upon completion of
the ISR, the CPU resumes the reset sequence.

NOTE
Some flags are cleared in the LLWU and some flags are
required to be cleared in the peripheral module. Refer to the
individual peripheral specifications for more information.

6.1.1.9 Stop mode acknowledge error (SACKERR)

This reset is generated if the core attempts to enter stop mode, but not all modules
acknowledge stop mode within 1025 cycles of the 1 kHz LPO clock.

A module might not acknowledge the entry to stop mode if an error condition occurs. The
error can be caused by a failure of an external clock input to a module.

6.1.1.10 Background debug forced reset (BDFR)

A host debug system, when connected to the MCU via the BKGD pin, can force a
background debug reset by setting the CSR2[BDFR] bit in the ColdFire debug register
set. To show that this event was the source of a reset, the RCM's SRS1[BDFR] bit is 1
after the reset.

6.1.2 Reset Pin

For all reset sources except a VLLS Wakeup that does not occur via the RESET pin, the
RESET pin is driven low by the MCU for at least 128 bus clock cycles and until flash
initialization has completed.

After flash initialization has completed, the RESET pin is released, and the internal Chip
Reset negates after the RESET pin is pulled high. Keeping the RESET pin asserted
externally delays the negation of the internal Chip Reset.
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6.1.3 MCU Resets

A variety of resets are generated by the MCU to reset different modules.

6.1.3.1 POR Only

The POR Only reset asserts on the POR reset source only. It resets the PMC and Register
File.

The POR Only reset also causes all other reset types to occur.

6.1.3.2 Chip POR not VLLS

The Chip POR not VLLS reset asserts on POR and LVD reset sources. It resets parts of
the SMC and SIM. It also resets the LPTMR.

The Chip POR not VLLS reset also causes these resets to occur: Chip POR, Chip Reset
not VLLS, and Chip Reset (including Early Chip Reset).

6.1.3.3 Chip POR

The Chip POR asserts on POR, LVD, and VLLS Wakeup reset sources. It resets the
Reset Pin Filter registers and parts of the SIM and MCG.

The Chip POR also causes the Chip Reset (including Early Chip Reset) to occur.

6.1.3.4 Chip Reset not VLLS

The Chip Reset not VLLS reset asserts on all reset sources except a VLLS Wakeup that
does not occur via the RESET pin. It resets parts of the SMC, LLWU, and other modules
that remain powered during VLLS mode.

The Chip Reset not VLLS reset also causes the Chip Reset (including Early Chip Reset)
to occur.
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6.1.3.5 Early Chip Reset

The Early Chip Reset asserts on all reset sources. It resets only the flash memory module.
It negates before flash memory initialization begins ("earlier" than when the Chip Reset
negates).

6.1.3.6 Chip Reset

Chip Reset asserts on all reset sources and only negates after flash initialization has
completed and the RESET pin has also negated. It resets the remaining modules (the
modules not reset by other reset types).

6.2 Boot

The boot description includes information about boot sources and boot options available
in the MCU.

6.2.1 Boot sources

The chip only supports booting from internal flash. Any secondary boot must go through
an initialization sequence in flash.

6.2.2 Boot options

The device's functional mode is controlled by the two mode select (MS) pins, which have
the following relative priority:
1. The BKGD/MS pin is used to select between active background debug mode (BDM)
and single chip modes.
2. The EZP_MS pin selects between EzPort serial flash programming mode and single
chip mode.

The mode select functionality on these pins does not depend on the pin muxing setting of
the pins. Upon power on reset, these pins are analyzed and the different modes are
entered depending on the level provided on these pins.

By default, the device comes out of reset in functional mode. In functional mode, the
device will be in single chip (default) mode. While in single chip mode only, the device
can be in run mode or various low power modes described in Modes of operation.
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Table 6-1. BKGD/MS mode select decoding
Mode select (BKGD/MS) Description
0 Active background debug mode (BDM)
1 Single chip (default)
Table 6-2. EZP_MS mode select decoding
Mode select (EZP_MS) Description
0 Serial flash programming mode (EzPort)
Single chip (default)

6.2.3 FOPT boot options

The flash option (FOPT) register in the flash memory module (FTFL) allows the user to
customize the operation of the MCU at boot time. The register contains read-only bits
that are loaded from the NVM's option byte in the flash configuration field. The user can
reprogram the option byte in flash to change the FOPT values that are used for
subsequent resets. For more details on programming the option byte (OPT field), refer to
the detailed description of the flash memory module.

The MCU uses the FTFL_FOPT register bits to configure the device at reset as shown in
the following table.

Table 6-3. Flash Option Register (FTFL_FOPT) Bit Definitions

Bit Num Field Value Definition
7-2 Reserved Reserved for future
expansion.
1 EZPORT_DIS 0 EzPort operation is disabled.

If the device boots with the
EZP_MS signal low, then the
device boots in normal mode.
This mode might be desired if
the EZP_MS/IRQ pin is used
for its IRQ function.

1 EzPort operation is enabled.
The state of the EZP_MS pin
during reset determines
whether the device enters
EzPort mode.

Table continues on the next page...
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Table 6-3. Flash Option Register (FTFL_FOPT) Bit Definitions
(continued)

Bit Num Field Value Definition

LPBOOT 0 Low-power boot: At reset exit,
the OUTDIV field's value in
the SIM_CLKDIVO register is
auto-configured to OxF for
higher divide values (divide by
16) to produce lower power
consumption at reset exit.

1 Normal boot: At reset exit, the
OUTDIV field's value in the
SIM_CLKDIVO register is
auto-configured to 0x0 for
lower divide values (divide by
1) to produce faster operating
frequencies at reset exit.

6.2.4 Boot sequence

At power up, the on-chip regulator holds the system in a POR state until the input supply
is above the POR threshold. The system continues to be held in this static state until the
internally regulated supplies have reached a safe operating voltage as determined by the
LVD. The Mode Controller reset logic then controls a sequence to exit reset.

L.

2.

A system reset is held on internal logic, the RESET pin is driven out low, and the
MCQG is enabled in its default clocking mode.

Required clocks are enabled: Core Clock, System Clock, and any Bus Clocks that do
not have clock gate control.

The system reset on internal logic continues to be held, but the Flash Controller is
released from reset and begins initialization operation while the Mode Control logic
continues to drive the RESET pin out low for a count of ~128 Bus Clock cycles.

The RESET pin and system reset on internal logic continues to be asserted while the
Flash Controller continues initialization.

a. Active background debug mode (BDM) will be selected instead of normal CPU
execution if BKGD/MS is pulled low at the end of the RESET drive out low.

b. If BDM is not selected, EzPort mode will be selected instead of normal CPU
execution if EZP_MS is pulled low at the end of the RESET drive out low.
EzPort mode can be disabled if the EZPORT_DIS bit of the option byte loaded
to the FTFL_FOPT register is configured for the disabled setting.

During flash initialization, clocking is switched to a slow clock if the LPBOOT bit of
the option byte loaded to the FTFL_FOPT register is configured for low power boot.
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6. When flash initialization completes, the RESET pin is released. After the RESET pin
is released, if RESET continues to be asserted (an indication of a slow rise time on
the RESET pin or external drive in low), the system continues to be held in reset.
After the RESET pin is detected high, the system is released from reset.

7. When the system exits reset, the processor fetches initial 32-bit values for the
supervisor stack pointer and program counter (PC) from the locations 0x(00)00_0000
and 0x(00)00_0004, respectively. The CPU begins execution at the PC location, but
at this time:

a. If active background debug mode was latched during the sequence, BDM is
entered instead of normal CPU execution.

b. If BDM was not latched but EzPort mode was latched during the sequence,
EzPort mode is entered instead of normal CPU execution.

c. If neither BDM nor EzPort mode was latched, and if the reset event was caused
by a low leakage wakeup interrupt, the CPU immediately fetches the LLWU
interrupt service routine (ISR). Upon completion of the ISR, the CPU resumes
execution at the PC location.

8. If FlexNVM is enabled, the Flash Controller continues to restore the FlexNVM data.
This data is not available immediately out of reset, and the system should not access

this data until the Flash Controller completes this initialization step as indicated by
the EEERDY flag.

Subsequent system resets follow this reset flow beginning with the step where system
clocks are enabled.
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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 can 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) module in ColdFire+ device families provides
multiple power options. The Very Low Power Run (VLPR) operating mode can reduce
runtime power when maximum processor 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 sleep, Interrupt

reducing power.

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

Table continues on the next page...
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Table 7-1. MCU power modes (continued)

Power mode Description Normal recovery method
VLPR (Very Low Power Regulator in low power mode, LVD off. Maximum 2 MHz clock Interrupt
Run) source to core and 1 MHz to peripherals and flash.!
VLPW (Very Low Power Similar to VLPR, with CPU in sleep to further reduce power. Interrupt
Wait)
VLPS (Very Low Power Places MCU in static state, with LVD operation off. Lowest power |Interrupt
Stop) mode with ADC and pin interrupts functional. LPTMRs, TSI, CMP,

12-bit DAC functional.

LLS (Low Leakage Stop) State retention power mode. LLWU, LPTMRs, TSI, CMP, 12-bit LLWU interrupt
DAC functional. All RAM and 32-byte Register File powered.

VLLS3 (Very Low Leakage |LLWU, LPTMRs, TSI, CMP, 12-bit DAC functional. All RAM and Wakeup reset

Stop3) 32-byte Register File powered.

VLLS2 (Very Low Leakage |LLWU, LPTMRs, TSI, CMP, 12-bit DAC functional. Portion of RAM |Wakeup reset
Stop2) powered off. 32-byte Register File powered.

VLLS1 (Very Low Leakage |LLWU, LPTMRs, TSI, CMP, 12-bit DAC functional. All RAM Wakeup reset
Stop1) powered off. 32-byte Register File powered.

1. Some peripherals, such as the UARTS, use the system clock.

For additional information, refer to Power mode transitions.

7.3 Module Operation in Low Power Modes

The following table illustrates the available functionality of each module while the MCU
is in each of the low power modes (stop, VLPx, LLS, and VLLSx).

Table 7-2. Module operation in low power modes

Module | stop | viPR | vipw | vies | LLS VLLSx

System peripherals

CPU clock OFF 2 MHz maximum OFF OFF OFF OFF

System clock OFF 2 MHz maximum |2 MHz maximum OFF OFF OFF

Bus clock OFF 1 MHz maximum |1 MHz maximum OFF OFF OFF

LLwU'! Static Static Static Static FF FF

DMA Static FF FF Static Static OFF
Power management

PMC/SMC/RCM FF FF FF FF FF FF

LVD ON Disabled Disabled Disabled Disabled Disabled

System ON Low power Low power Low power Low power Low power

regulator

VREG Optional Optional Optional Optional Optional Optional

Memory and memory interfaces

Table continues on the next page...
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Table 7-2. Module operation in low power modes (continued)

Module STOP VLPR VLPW VLPS LLS VLLSx
Flash memory Powered 1 MHz maximum Low power Low power OFF OFF
and FlexNVM access; no

programming
RAM1: 1 KB Powered Powered Powered Powered Powered Powered in
VLLS3 and
VLLS2
RAM2: 7 KB Powered Powered Powered Powered Powered Powered in
VLLSS3,
optionally
powered in
VLLS2
RAMS3: 0 KB, 8 Powered Powered Powered Powered Powered Powered in
KB, or 24 KB? VLLS3
FlexRAM Powered Powered? Powered Powered Powered OFF*
Register file Powered Powered Powered Powered Powered Powered
Mini-FlexBus Static FF FF Static Static OFF
EzPort Disabled Disabled Disabled Disabled Disabled Disabled
Clocks
MCG Static: IRC 2 MHz IRC® 2 MHz IRC Static: no clock | Static: no clock OFF
optional; PLL output output
optionally on but
gated
OSCx (high ERCLK optional | ERCLK limited | ERCLK limited | ERCLK limited | ERCLK optional | ERCLK optional
range) to 4 MHz crystal | to 4 MHz crystal | to 4 MHz crystal
OSCx (32 kHz) FF FF FF FF FF FF
1 kHz LPO ON ON ON ON ON ON
System security and integrity
CRC Static FF FF Static Static OFF
RNGB Static FF FF Static Static OFF
CAU Static FF Static Static Static OFF
COP Static FF FF Static Static OFF
Analog
16-bit ADC ADC internal FF FF ADC internal Static OFF
clock only clock only
CMP HS or LS FF FF HS or LS LS compare’ | LS compare’8
compare® compare®
6-bit DAC Static FF FF Static Static Static
(integrated with
CMP)
VREF FF FF FF FF Static OFF
12-bit DAC Static FF FF Static Static Static
Timers
FTM Static FF FF Static Static OFF
MTIM Static FF FF Static Static OFF

Table continues on the next page...
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Table 7-2. Module operation in low power modes (continued)

Module STOP VLPR VLPW VLPS LLS VLLSx
PDB Static FF FF Static Static OFF
LPTMR FF FF FF FF FF FF
CMT Static FF FF Static Static OFF

Communication interfaces
UART Static, wakeup 125 kbps 125 kbps Static, wakeup Static OFF
on edge on edge
SPI Static 500 kbps in 500 kbps in Static Static OFF
master mode, master mode,
250 kbps in 250 kbps in
slave mode slave mode?
12C Static, address 50 kbps 50 kbps Static, address Static OFF
match wakeup match wakeup
Human-machine interface (HMI)
EGPIO Wakeup FF FF Wakeup Static, pins OFF, pins
latched latched
RGPIO Static FF FF Static Static OFF
TSI Wakeup FF FF Wakeup Wakeup'© Wakeup'©
IRQ Wakeup FF FF Wakeup Static, pins OFF, pins
latched latched

1. Using the LLWU module, the external pins available for this MCU do not require the associated peripheral function to be
enabled. The only requirement is for the function controlling the pin (GPIO or peripheral) to be configured as an input to
allow a transition to occur to the LLWU.

2. Forthe RAMS size on a particular device, refer toRAM sizes or to the total RAM size provided in Feature Summary by
Package.

3. In VLPR mode, FlexRAM enabled as EEPROM is not writable (writes are ignored) but can be read. There are no access
restrictions in VLPR mode for FlexRAM configured as traditional RAM.

4. FlexRAM is always powered off in VLLSx modes.

5. Before executing an entry to VLPR mode, the MCG must be in one of two of its operating modes, each with a particular
clock source selected:

* Either the MCG must be in its BLPE operating mode with only the low gain oscillator selected, or
e The MCG must be in its BLPI operating mode with only the 2 MHz IRC selected.

6. The CMP in stop or VLPS mode supports high speed or low speed, external pin-to-pin or external pin-to-DAC compares.
Windowed, sampled, and filtered modes of operation are not available in stop, VLPS, LLS, or VLLSx modes.

7. The CMP in LLS or VLLSx mode supports only low speed, external pin-to-pin or external pin-to-DAC compares.
Windowed, sampled, and filtered modes of operation are not available in stop, VLPS, LLS, or VLLSx modes.

8. In VLLSx modes, the CMPO_OUT signal is gated until after MCU recovery.

9. The SPISWAI bit must be cleared for master mode operation in wait modes.

10. TSI wakeup from LLS and VLLSx modes is limited to a single selectable pin.

NOTE

e ON means the module is operational by default in the
designated power mode.

* FF means "full functionality." The user has the option to
enable the module's operation in the designated power
mode. In VLPR and VLPW modes, the system frequency
might limit some modules.
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* Static means the digital modules' register states and
associated memories are held.
* Powered means memory is powered to retain contents.
* Low power means flash has a low power state that retains
configuration registers to support faster wakeup.
» Wakeup means the module can serve as a wakeup source
for the chip. For more information, refer to the LLWU
module's dedicated chapter and to its Chip Configuration
details.
* OFF means the module is powered off and is in a reset
state upon wakeup.
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Chapter 8
Security

8.1 Introduction

The device implements security based on the mode selected from the flash module. The
primary function of security is to prevent the contents of the flash memory (main array)
from being read or changed by external entities. An external entity is anything other than
the normal application code that is stored in the on-chip program flash memory and is
executed by the on-chip CPU. An external entity can be connected through the JTAG or
EzPort interface. The internal application code can always change the security state,
securing an unsecured device or unsecuring a currently secured device.

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.
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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.

8.3 Flash Security Options

In addition to enabling and disabling security, the flash security byte configures various
security options.

8.3.1 Backdoor Key Access

The FSEC[KEYENT] field's setting allows flash security to be disabled temporarily by
entering an 8-byte key value.

Table 8-1. Flash Key Enable States

KEYEN[1:0] Status of Backdoor Key Access
00 Disabled
01 Disabled (preferred setting to disable backdoor key access)
10 Enabled
11 Disabled

8.3.2 Freescale Factory Access

The FSEC[FSLACC] field's setting enables or disables access to 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 testing must begin with a full erase operation 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 memory 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.

Table 8-2. Freescale Factory Access States

FSLACCI[1:0] Freescale Factory Access

00 Granted

Table continues on the next page...
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Table 8-2. Freescale Factory Access States
(continued)

FSLACC[1:0] Freescale Factory Access
01 Denied
10 Denied
11 Granted

8.3.3 Mass Erase Disable
Setting the FSEC[MEEN] field to 10 disables the Mass Erase Command.

This setting only takes effect when the flash memory is in a secure state. In secure mode,
ERSALL and RD1ALL are the only commands available, and they are both disabled
when the FSEC[MEEN] field is 10.

CAUTION
Disabling the mass erase capability might be irreversible.
Simultaneously setting MEEN to disabled, KEYEN to disabled,
and FSLACC to denied effectively locks the current security
state permanently and cannot be undone.

Table 8-3. Mass Erase Enable States

MEEN[1:0] Mass Erase Capability
00 Enabled
01 Enabled
10 Disabled
11 Enabled

8.4 Enabling Flash Security

Flash security can be enabled by programming the security byte of the flash configuration
field. This assumes that flash is currently unsecured and that the region of the P-Flash
containing the Flash Configuration Field is unprotected. If the Flash security byte is
successfully programmed, its new value will take affect after the next MCU reset.

NOTE
Once enabled, the security options cannot be modified without
disabling security first. The backdoor key access enable, 8-byte
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backdoor key, and Freescale access bits should be programmed

to the desired settings before enabling security.

8.5 Unsecuring the MCU using Backdoor Key Access

The MCU may be unsecured by using the backdoor key access feature, which requires
knowledge of the contents of the 8-byte backdoor key value stored in the Flash
Configuration Field. If the KEYEN[1:0] bits are in the enabled state, the Verify Backdoor
Access Key command can be run. This command allows the user to present prospective
keys for comparison to the stored keys. If the keys match, the SEC bits in the FSEC
register change to unsecure the MCU until the next reset.

NOTE
The entire 8-byte key cannot be 0000_0000_0000_0000h or
FFFF_FFFF_FFFF_FFFFh. These values are not accepted by
the Verify Backdoor Access Key command as valid comparison
values.

While the Verify Backdoor Access Key command is active, program flash memory is not
available for read access and returns invalid data. The user code stored in the program
flash memory must have a method of receiving the backdoor keys from an external
stimulus. This external stimulus would typically be through one of the on-chip serial
ports.

If the KEYEN[1:0] bits are in the enabled state, the MCU can be unsecured by this
backdoor key access sequence:

1. Execute the Verify Backdoor Access Key command with the 8-byte key value loaded
into the flash memory module's FCCOBO to FCCOB7 registers.

2. If the Verify Backdoor Access Key command is successful, the MCU is unsecured
and the SEC[1:0] bits in the FSEC register are forced to the unsecure state.

3. If the backdoor keys do not match, security is not released, all future attempts to
execute the Verify Backdoor Access Key command are immediately aborted, and the
ACCERR bit in the FSTAT register is (again) set to 1 until a power-down (cold)
reset occurs.

A successful execution of the Verify Backdoor Access Key command changes the
security in the FSEC register only; it does not alter the security byte or the keys stored in
the Flash Configuration Field. After the next reset of the MCU, the security state of the
flash memory module reverts to the value of the flash security byte in the Flash
Configuration Field. The Verify Backdoor Access Key command sequence has no effect
on the program and erase protections defined in the flash protection (FPROT) registers.
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If the backdoor keys successfully match, the unsecured MCU has full control of the
contents of the Flash Configuration Field. The MCU may erase the sector containing the
Flash Configuration Field, reprogram the flash security byte to the unsecure state, and
change the backdoor keys to any desired value.

8.6 Unsecuring the MCU using the Erase All Blocks
command

The Erase All Blocks operation erases the entirety of the program flash memory,
FlexNVM, and FlexRAM used as EEPROM; verifies the erase; and then releases MCU
security.

When the chip is in BDM, the functionality of the Erase All Blocks command is also
available in an uncommanded fashion using the DGBCR|[0] bit. When invoked, this
function erases all program flash memory, FlexXNVM, and FlexXRAM used as EEPROM
regardless of the protection settings. This function, like the normal command activation,
also initializes all locations in the FlexXRAM used as EEPROM to the address FFFFh. If
the Flash Erase Verify passes, the routine then releases security by setting the
FSEC[SEC] field to the unsecure state.

8.7 Security Interactions with other Modules

The flash security settings will be used by the SoC to determine what resources are
available. The following sections describe the interactions between modules and the flash
security settings or the impact that the flash security has on non-flash modules.

8.7.1 Security interactions with Mini-FlexBus

If flash security is enabled, the SOPT6[MBSL] field in the SIM enables/disables off-chip
accesses through the Mini-FlexBus interface. The field controls whether both instruction
accesses and data accesses are allowed, whether both instruction accesses and data
accesses are disallowed, or whether instruction accesses are disallowed while data
accesses are allowed.
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Security Interactions with other Modules

8.7.2 Security interactions with EzPort

When flash memory security is active, the MCU can still boot in EzPort mode. The
EzPort module can execute an erase all blocks command (mass erase). The mass erase
can be used to disable flash memory security, but all of the flash memory's contents are
lost in the process.

8.7.3 Security interactions with Debug

When flash memory security is active, the BDM port cannot be used to access the MCU's
internal flash memory. Scan chain operations work, but debugging capabilities are
disabled so that the debug port cannot read out flash contents.

Although most debug functions are disabled when flash memory security is active, the
debug port can be used to execute an erase all blocks command (mass erase).
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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.

Peripheral Bridge

Register
access

- Transfers Transfers
e

Signal Multiplexing/ |~ o &
: : Port Mux Control : . g
I ———

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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Port Mux Control Features

Table 9-1. Reference links to related information (continued)

Topic Related module Reference
Clocking Clock distribution
Register access Peripheral Bridge

9.3 Port Mux Control Features

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. Most mux registers reset to 00h.
Alternate values for each function match the column number in which that function
occurs in the pin summary table. Generally, default functions are assigned value 00h,
ALT1 functions O1h, and so on.

CAUTION
Not all pins described in the port mux are available on every
package in the device family. Do not change the port mux
control field for pins that do not appear on the device in use.
For example, in a 32-pin package, mask the PTCPF1[C6] field
when writing to the PTCPF1 register. Changing the port mux
control field for such unavailable pins can generate unnecessary
current leakage.

Table 9-2. Port mux control registers overview

Address | Peripheral | Register Bit7| 6 | 5 | 4 3 | 2 | 1 | Bit 0

0x(FF)FF_80 MXC PTAPF1 A7 A6
80

Ox(FF)FF_80 MXC PTAPF2 A5 A4
81

Ox(FF)FF_80 MXC PTAPF3 A3 A2
82

Ox(FF)FF_80 MXC PTAPF4 A1 A0
83

Ox(FF)FF_80 MXC PTBPF1 B7 B6
84

0x(FF)FF_80 MXC PTBPF2 B5 B4
85

Ox(FF)FF_80 MXC PTBPF3 B3 B2
86

0x(FF)FF_80 MXC PTBPF4 B1 BO
87

Table continues on the next page...
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Table 9-2. Port mux control registers overview (continued)

Address Peripheral Register Bit7 | 6 | 5 | 4 3 | 2 | 1 | Bit 0

Ox(FF)FF_80 MXC PTCPF1 C7 Cé6
88

Ox(FF)FF_80 MXC PTCPF2 C5 Cc4
89

Ox(FF)FF_80 MXC PTCPF3 C3 c2
8A

Ox(FF)FF_80 MXC PTCPF4 C1 Co
8B

Ox(FF)FF_80 MXC PTDPF1 D7 Dé
8C

Ox(FF)FF_80 MXC PTDPF2 D5 D4
8D

Ox(FF)FF_80 MXC PTDPF3 D3 D2
8E

Ox(FF)FF_80 MXC PTDPF4 D1 DO
8F

Ox(FF)FF_80 MXC PTEPF1 E7 E6
90

Ox(FF)FF_80 MXC PTEPF2 E5 E4
91

Ox(FF)FF_80 MXC PTEPF3 E3 E2
92

Ox(FF)FF_80 MXC PTEPF4 E1 EO
93

Ox(FF)FF_80 MXC PTFPF1 F7 F6
94

Ox(FF)FF_80 MXC PTFPF2 F5 F4
95

Ox(FF)FF_80 MXC PTFPF3 F3 F2
96

Ox(FF)FF_80 MXC PTFPF4 F1 FO
97

9.4 Signal Multiplexing and Pin Assignments

The following table shows the signals available on each pin and the locations of these
pins on the devices supported by this document. The Port Mux Control module is
responsible for selecting which ALT functionality is available on each pin.

NOTE
* On PTBO, EZP_MS_b is active only during reset. Refer to
the detailed boot description.
* PTCI1 is open drain.
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Signal Multiplexing and Pin Assignments

64- | 48- | 4| 32 Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
pin | pin | pin | pin
1 — | — | — | VDD vDD
2 | = =] = |VS§ V88
3 | = | = | — |Disabled Disabled PTC6 UARTO_TX | 12C0.SCL | RGPIOB SPI1_MOSI | FBa_AD1
4 | = | — | — |Disabled Disabled PTC7 UARTO_RX | 12C0_SDA | RGPIO7 SPI_MISO | FBa_AD12
5 1 — | — | Disabled Disabled PTDO UARTO_CTS_ | 12C1_.SDA | RGPIO8 SPI1_SCLK | FBa_AD13
b
6 2 | — | — |Disabled Disabled PTD1 UARTO_RTS_ | 12C1.SCL | RGPIO9 SPI1_SS FBa_AD14
b
7 3 1 1| Disabled Disabled PTAO 262 SCL | FTM1_CHO | SPI0_SS FBa_AD15
8 4 2 2 | Disabled Disabled PTA1 [2C2_SDA | FTM1_CH{1 FBa_AD16
9 5 3 3 | Disabled Disabled PTA2 UART1_TX FTM1_CH2 | SPI1_SS
0] 6 4 4 | Disabled Disabled PTA3 UART1_RX FTMI_CH3 | SPI_SCLK EZP_CLK
i 7 5 5 | ADCO_DP1/ | ADCO_DP1/ | PTA4 UART1_CTS_ | 12C2.SCL | FTM1_CH4 | SPI1_MISO EZP DI
ADCO_SE2 | ADCO_SE2 b
2] 8 6 6 | ADCO_DM1/ | ADCO_DMi/ | PTAS UART1_RTS_ | 12C2.SDA | FTM1_CH5 | SPI1_MOSI | CLKOUT EzP_DO
ADCO_SE3 | ADC0_SE3 b
B9 7 7 | VDDA VDDA
141 10| 8 | — |VREFH VREFH
B 9 | — |[VREF.OUT | VREF.OUT
% | 12| 10 | — |VRERL VREFL
17 13 1 8 | VSSA VSSA

18] 14| 12 9 | DACO_OUT | DACO_OUT

19 | 15| 13 | 10 | ADCO_DPO/ | ADCO_DPU/
ADCO_SE0 | ADC0_SE0

2 | 16 | 14 | 11 | ADCO_DMO/ | ADCO_DMO/
ADCO_SE1 | ADCO_SE

A | 17 | 15| 12 | VREGIN VREGIN
2 | 18| 16 | 13 |VOUT33 VOUT33

28| 19| 17| 14 |VSS VSS

4| 2| 18| — |VOD VDD

% | 21 | 19 | 15 |ADCO_SE§/ | ADCO_SES/ | PTA6 LPTMR_ALTT | FTM_FLT1 | FBa_D7 FBa_AD17
TSI0_CHO TSI0_CHO

% | — | — | — |ADCO_SEY | ADCO_SEY | PTD2 FTM0_QD_ | RGPIO10 FTM0_CHO
T810_CH1 T810_CH1 PHA

27 | 2 | 20 | — |ADCO_SE10/ | ADCO_SE10/ | PTD3 FTMO_QD_ | RGPIO11 FTMO_CH1 | FBa_D6 FBa_ADO
T810_CH2 T810_CH2 PHB

8 | — | — | — |ADCO_SEtt/ | ADCO_SEt1/ | PTD4 RGPIO12 FBa_D7
T810_CH3 T810_CH3

9 | — | — | — |ADCO_SE1> | ADCO_SE12/ | PTD5 RGPIO13 FBa_D6
T810_CH4 T810_CH4

3 | 28 | 21 | 16 |ADCO_SE13 | ADCO_SE13/ | PTA7 UARTO_TX FTM0_QD_ FBa_D5
T810_CH5 T810_CH5 PHA

3| 24 | 2 | — |ADCO_SE14/ | ADCO_SEt4/ | PTDG UARTO_RX | RGPIO14 FBa_D4

TSI0_.CH6 | TSI0_CHe
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64- | 48- | 4| 32 Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
pin | pin | pin | pin
® | — | — | — |ADCO_SEfS | ADCO_SE15/ | PTD7 UART0CTS_ | 12C3.SCL | RGPIO15 FBa_D3
TSI0_CH7 | TSIo_CH7 b
B | — | —| — |TSI0CHB |TSCHS | PTEO UARTO_RTS_ | 12C3_SDA FBa_D2
b
¥ | — | — | — |TSICHY | TSIOCHY | PTE SPI0_SS FTM_FLTO FBa_D1
B B | B | 17 |RY Disabled PTB0 2C0_SCL IRQY/ EZP_CS b
EZP_MS_b EZP_MS_b
% | 26 | 24 | 18 |TSI0_CHO | TSIO_CHI0 | PTBI SPIO_SCLK | 12C0_SDA | FTM_FLT2 | LPTMRALT2 | FTM0_QD_ | FB_CLKOUT
PHB
8 | — | = | — |TSIOCHI1 |TSI0.CHIT | PTE2 263_SCL FBa_D0
| — | — | — |ADCO_SE16/ | ADCO_SE16/ | PTE3 SPIO_MOSI | 12C3_SDA FBa_OE_b
TSI0_CH12 | TSIo_CH12
39 | 27| 25 | 19 |ADCO_SE17/ | ADCO_SE17/ | PTB2 SPI0_MISO FBa_CS0_b
TSI0_CH13 | TSI0_CH13
40 | 28 | 26 | 20 |ADCO_SE18/ | ADCO_SE18/ | PTB3 SPI0_MOSI FBa CS1 b | FBa ALE
TSI0_CH14 | TSI0_CH14
41 29 | — | — |ADCO_SE1Y | ADCO_SE1Y | PTE4 UARTO_RTS_ | LPTMR_ALT3 | SPI1_SS FBa_AD1
TSI0_CH15 | TSI0_CH15 b
2| 30 | — | — |ADCOSE20 | ADCO_SE20 | PTE5 UARTO_CTS_ | 12C1.SCL | SP_SCLK FBa_AD2
b
8 | = | = | — |ADCO_SE21 | ADCO_SE21 | PTES UARTO_RX | 12C1_SDA | SPI1_MISO FBa_AD3
4 | 3 | 27 | — | ADCOSE2 | ADCO_SE22 | PTE7 UARTO_TX | PDBO_EXTRG | SPI{_MOSI | FBa RW b | FBa_AD4
6 | R | 28| 21 |BKGY Disabled PTB4 BKGD/
MS MS
6 | B | 29| 22 |XAR XTAL2 PTB5
7 | 34 | 30 | 23 |EXTAL EXTAL PTB6
8 | 3% | 3| 24 |VDD vDD
49 | 36 | 82 | 25 |VSS VSS
5 | 37 | 3| 26 |EXTAL EXTAL{ PTB7 [2C1_SDA | TMR_CLKIN1
5| %8 | 3% | 27 | XTAU XTAL1 PTCO [2C1.SCL | TMR_CLKINO | RGPIOO
52 | 39 | % | 28 |RESETDH Disabled PTC RESET b
8 | — | — | — |CMPOINO | CMPO_INO | PTFO SPI0_SS FBa_AD5
5 | — | = | — |Disabled Disabled PTF1 SPI0_SCLK CMPO_OUT | FBa_AD6
5 | = | = | — |CMPOUNt | CMPOIN1 | PTF2 SPI0_MISO FBa_AD7
5% | 40 | 3% | — |CMPOUN2 | CMPOIN2 | PTF3 SPI0_MOSI RGPIOT FBa_ADS
5 | 4| 37 | 29 | CMPON3 | CMPO_IN3 | PTC2 UARTI_RTS_ | SPI1_SS RGPIO2 FBa_AD18
b
5 | 42 | 38 | — | Disabled Disabled PTF4 UART1_CTS_ | SPI1_SCLK FBa_D3 FBa_AD19
b
5 | 43| 39 | — | Disabled Disabled PTF5 UARTI_RX | SPI1_MISO FBa_D2 FBa_RW_b
60 | 44 | 40 | — | Disabled Disabled PTF8 UARTI_TX | SPI1_MOSI FBa_D1 FBa_AD9
61 | 45 | 4 | — | Disabled Disabled PTF7 UARTO_RTS_ SPI0_SS FBa_D0 FBa_AD10
b
62 | 46 | 42 | 30 | Disabled Disabled PTC3 UARTO_CTS_ | RGPIO3 SPIO_SCLK | CLKOUT
b
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Pinout diagrams

64- | 48- | 4| 32 Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALTE ALT7 EzPort
pin | pin | pin | pin

63 | 47 | 43 | 31 | Disabled Disabled PTC4 UARTO_RX | RGPIO4 SPIO_MISO | PDBO_EXTRG

64 | 48 | 44 | 3 | Disabled Disabled PTC5 UARTO_TX | RGPIOS SPIO_MOSI | CMT_IRO

9.5 Pinout diagrams

The following diagrams show pinouts for the 64-pin, 48-pin, 44-pin, and 32-pin
packages. These diagrams are representations for ease of reference. See the package
drawings for mechanical details.

For each pin, the diagrams show the default function or (when disabled is the default) the
ALT]1 signal for a GPIO function. However, many signals may be multiplexed onto a
single pin.
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Figure 9-2. 64-pin
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Pinout diagrams
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Module-by-module signals
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9.6 Module-by-module signals

NOTE

VDD

EXTAL2

XTAL2

BKGD/MS
ADCO_SE18/TSI0_CH14
ADCO_SE17/TSI0_CH13
TSI0_CH10
IRQ/EZP_MS_b

* On PTBO, EZP_MS_b is active only during reset. Refer to
the detailed boot description.
* PTCI1 is open drain.

Table 9-3. Module signals by GPIO port and pin

64-pin | 48-pin | 44-pin | 32-pin | Port | Module signal(s)
Power and ground
1 VDD
24 20 18 VDD

Table continues on the next page...

MCF51QM128 Reference Manual, Rev. 4, 08/2012

174

Freescale Semiconductor, Inc.




4
Chapter 9 Signal Multiplexing and Signal Descriptions

Table 9-3. Module signals by GPIO port and pin (continued)

64-pin 48-pin 44-pin 32-pin Port Module signal(s)
48 35 31 24 VDD
2 VSS
23 19 17 14 VSS
49 36 32 25 VSS
System
45 32 28 21 PTB4 BKGD/MS
12 8 6 6 PTA5 CLKOUT
62 46 42 30 PTC3 CLKOUT
10 PTA3 EZP_CLK
11 PTA4 EZP_DI
12 PTA5 EZP_DO
35 25 23 17 PTBO IRQ/EZP_MS_b,
EZP_CS_b
52 39 35 28 PTC1 RESET_b
0SsC
50 37 33 26 PTB7 EXTAL1
47 34 30 23 PTB6 EXTAL2
51 38 34 27 PTCO XTALA1
46 33 29 22 PTB5 XTAL2
LLWU
4 PTC7 LLWU_PO
6 PTD1 LLWU_P1
12 6 PTA5 LLWU_P2
30 23 21 16 PTA7 LLWU_P3
32 PTD7 LLWU_P4
35 25 23 17 PTBO LLWU_P5
36 26 24 18 PTB1 LLWU_P6
39 27 25 19 PTB2 LLWU_P7
44 31 27 PTE7 LLWU_P8
45 32 28 21 PTB4 LLWU_P9
55 PTF2 LLWU_P10
56 40 36 PTF3 LLWU_P11
57 41 37 29 PTC2 LLWU_P12
59 43 39 PTF5 LLWU_P13
62 46 42 30 PTC3 LLWU_P14
63 47 43 31 PTC4 LLWU_P15
RGPIO

51 38 34 27 PTCO RGPIOO
56 40 36 PTF3 RGPIO1
57 41 37 29 PTC2 RGPIO2

Table continues on the next page...
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Table 9-3. Module signals by GPIO port and pin (continued)

64-pin 48-pin 44-pin 32-pin Port Module signal(s)
62 46 42 30 PTC3 RGPIO3
63 47 43 31 PTC4 RGPIO4
64 48 44 32 PTC5 RGPIO5
PTC6 RGPIO6
PTC7 RGPIO7
1 PTDO RGPIO8
2 PTD1 RGPIO9
26 PTD2 RGPIO10
27 22 20 PTD3 RGPIO11
28 PTD4 RGPIO12
29 PTD5 RGPIO13
31 24 22 PTD6 RGPIO14
32 PTD7 RGPIO15
LPTMR
25 21 19 15 PTAG6 LPTMR_ALT1
36 26 24 18 PTB1 LPTMR_ALT2
41 29 PTE4 LPTMR_ALT3
LPTMR-TOD
50 37 33 26 PTB7 EXTAL1
47 34 30 23 PTB6 EXTAL2
25 21 19 15 PTA6 LPTMR_ALT1
36 26 24 18 PTB1 LPTMR_ALT2
41 29 PTE4 LPTMR_ALT3
51 38 34 27 PTCO XTALA1
46 33 29 22 PTB5 XTAL2
PTA
7 3 1 1 PTAO PTAO
8 4 2 2 PTA1 PTA1
9 5 3 3 PTA2 PTA2
10 6 4 4 PTA3 PTA3
11 7 5 5 PTA4 PTA4
12 8 6 6 PTA5 PTA5
25 21 19 15 PTA6 PTA6
30 23 21 16 PTA7 PTA7
PTB
35 25 23 17 PTBO PTBO
36 26 24 18 PTB1 PTB1
39 27 25 19 PTB2 PTB2
40 28 26 20 PTB3 PTB3

Table continues on the next page...
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Table 9-3. Module signals by GPIO port and pin (continued)

64-pin 48-pin 44-pin 32-pin Port Module signal(s)
45 32 28 21 PTB4 PTB4
46 33 29 22 PTB5 PTB5
47 34 30 23 PTB6 PTB6
50 37 33 26 PTB7 PTB7
PTC
51 38 34 27 PTCO PTCO
52 39 35 28 PTC1 PTC1
57 41 37 29 PTC2 PTC2
62 46 42 30 PTC3 PTC3
63 47 43 31 PTC4 PTC4
64 48 44 32 PTC5 PTC5
3 PTC6 PTC6
PTC7 PTC7
PTD
1 PTDO PTDO
2 PTD1 PTD1
26 PTD2 PTD2
27 22 20 PTD3 PTD3
28 PTD4 PTD4
29 PTD5 PTD5
31 24 22 PTD6 PTD6
32 PTD7 PTD7
PTE
33 PTEO PTEO
34 PTE1 PTE1
38 PTE3 PTE2
39 27 25 19 PTB2 PTE3
41 29 PTE4 PTE4
42 30 PTES PTES
43 PTE6 PTE6
44 31 27 PTE7 PTE7
PTF
53 PTFO PTFO
54 PTF1 PTF1
55 PTF2 PTF2
56 40 36 PTF3 PTF3
58 42 38 PTF4 PTF4
59 43 39 PTF5 PTF5
60 44 40 PTF6 PTF6

Table continues on the next page...

MCF51QM128 Reference Manual, Rev. 4, 08/2012

Freescale Semiconductor, Inc. 177




Module-by-module signals

Table 9-3. Module signals by GPIO port and pin (continued)

64-pin 48-pin 44-pin 32-pin Port Module signal(s)
61 45 41 PTF7 PTF7
5V VREG
22 18 16 13 VOUT33
21 17 15 12 VREGIN
ADCO
19 15 13 10 ADCO_DPO/
ADCO_SEO
20 16 14 11 ADCO_DMO0/
ADCO_SE1
11 7 5 5 PTA4 ADCO_DP1/
ADCO_SE?2
12 8 6 6 PTA5 ADCO_DM1/
ADCO_SE3
25 21 19 15 PTA6 ADCO_SES8
26 PTD2 ADCO_SE9
27 22 20 PTD3 ADCO_SE10
28 PTD4 ADCO_SE11
29 PTD5 ADCO_SE12
30 23 21 16 PTA7 ADCO_SE13
31 24 22 PTD6 ADCO_SE14
32 PTD7 ADCO_SE15
38 PTE3 ADCO_SE16
39 27 25 19 PTB2 ADCO_SE17
40 28 26 20 PTB3 ADCO_SE18
41 29 PTE4 ADCO_SE19
42 30 PTE5 ADCO_SE20
43 PTE6 ADCO_SE21
44 31 27 PTE7 ADCO_SE22
13 9 7 7 VDDA
14 10 8 VREFH
16 12 10 VREFL
17 13 11 8 VSSA
DACO
18 | 14 | 12 | 9 | | DAco_ouT
VREF
15 | 11 | 9 | | | VREF_OUT
CMPO
53 PTFO CMPO_INO
55 PTF2 CMPO_IN1
56 40 36 PTF3 CMPO_IN2
57 41 37 29 PTC2 CMPO_IN3

Table continues on the next page...
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Table 9-3. Module signals by GPIO port and pin (continued)

64-pin 48-pin 44-pin 32-pin Port Module signal(s)
54 PTFA1 CMPQO_OUT
CMT
64 48 44 32 PTC5 CMT_IRO
TSIO
25 21 19 15 PTA6 TSI0_CHO
26 PTD2 TSIO_CH1
27 22 20 PTD3 TSIO_CH2
28 PTD4 TSIO_CH3
29 PTD5 TSI0O_CH4
30 23 21 16 PTA7 TSIO_CH5
31 24 22 PTD6 TSIO_CH6
32 PTD7 TSIO_CH7
33 PTEO TSIO_CHS8
34 PTE1 TSI0_CH9
36 26 24 18 PTB1 TSIO_CH10
37 PTE2 TSI0O_CH11
38 PTES3 TSIO_CH12
39 27 25 19 PTB2 TSIO_CH13
40 28 26 20 PTB3 TSIO_CH14
41 29 PTE4 TSIO_CH15
PDBO
44 31 27 PTE7 PDBO_EXTRG
63 47 43 31 PTC4 PDBO_EXTRG
FTMO
34 PTE1 FTM_FLTO
25 21 19 15 PTA6 FTM_FLTH1
36 26 24 18 PTB1 FTM_FLT2/
FTMO_QD_PHB
26 PTD2 FTMO_CHO/
FTMO_QD_PHA
27 22 20 PTD3 FTMO_CH1/
FTMO_QD_PHB
30 23 21 16 PTA7 FTMO_QD_PHA
51 38 34 27 PTCO TMR_CLKINO
50 37 33 26 PTB7 TMR_CLKIN1
FTM1
34 PTE1 FTM_FLTO
25 21 19 15 PTA6 FTM_FLT1
36 26 24 18 PTB1 FTM_FLT2
7 3 1 1 PTAO FTM1_CHO

Table continues on the next page...
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Table 9-3. Module signals by GPIO port and pin (continued)

64-pin 48-pin 44-pin 32-pin Port Module signal(s)
8 4 2 2 PTA1 FTM1_CH1
9 5 3 3 PTA2 FTM1_CH2
10 6 4 4 PTA3 FTM1_CH3
11 7 5 5 PTA4 FTM1_CH4
12 8 6 6 PTA5 FTM1_CH5
51 38 34 27 PTCO TMR_CLKINO
50 37 33 26 PTB7 TMR_CLKIN1
MTIM
51 38 34 27 PTCO TMR_CLKINO
50 37 33 26 PTB7 TMR_CLKIN1
Mini-FlexBus
36 26 24 18 PTB1 FB_CLKOUT
27 22 20 PTD3 FBa_ADO
41 29 PTE4 FBa_AD1
42 30 PTES FBa_AD2
43 PTEG6 FBa_AD3
44 31 27 PTE7 FBa_AD4
53 PTFO FBa_AD5
54 PTF1 FBa_AD6
55 PTF2 FBa_AD7
56 40 36 PTF3 FBa_AD8
60 44 40 PTF6 FBa_AD9
61 45 41 PTF7 FBa_AD10
3 PTC6 FBa_AD11
4 PTC7 FBa_AD12
5 1 PTDO FBa_AD13
6 2 PTD1 FBa_AD14
7 3 1 1 PTAO FBa_AD15
8 4 2 2 PTA1 FBa_AD16
25 21 19 15 PTAG FBa_AD17
57 41 37 29 PTC2 FBa_AD18
58 42 38 PTF4 FBa_AD19
40 28 26 20 PTB3 FBa_ALE
39 27 25 19 PTB2 FBa_CS0_b
37 PTE2 FBa_DO
34 PTE1 FBa_D1
33 PTEO FBa_D2
32 PTD7 FBa_D3
31 24 22 PTD6 FBa_D4

Table continues on the next page...
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Table 9-3. Module signals by GPIO port and pin (continued)

64-pin 48-pin 44-pin 32-pin Port Module signal(s)
30 23 21 16 PTA7 FBa_D5
29 PTD5 FBa_D6
28 PTD4 FBa_D7
38 PTES3 FBa_OE_b
59 43 39 PTF5 FBa_RW_b
DATA_BUS
8 4 2 2 PTA1 FBa_AD16
39 27 25 19 PTB2 FBa_CS0_b
61 45 41 PTF7 FBa_DO
60 44 40 PTF6 FBa_D1
59 43 39 PTF5 FBa_D2
58 42 38 PTF4 FBa_D3
31 24 22 PTD6 FBa_D4
30 23 21 16 PTA7 FBa_D5
27 22 20 PTD3 FBa_D6
25 21 19 15 PTA6 FBa_D7
44 31 27 PTE7 FBa_RW_b
12C0 and 12C1
3 PTC6 12C0_SCL
35 25 23 17 PTBO 12C0_SCL
4 PTC7 12C0_SDA
36 26 24 18 PTB1 [2C0_SDA
6 2 PTD1 12C1_SCL
42 30 PTE5 12C1_SCL
51 38 34 27 PTCO 12C1_SCL
5 1 PTDO 12C1_SDA
43 PTE6 [2C1_SDA
50 37 33 26 PTB7 12C1_SDA
12C2 and 12C3
7 3 1 1 PTAO 12C2_SCL
11 7 5 5 PTA4 12C2_SCL
8 4 2 2 PTA1 12C2_SDA
12 8 6 6 PTA5 12C2_SDA
32 PTD7 12C3_SCL
37 PTE2 12C3_SCL
33 PTEO I2C3_SDA
38 PTES3 [2C3_SDA
SPIO
39 27 25 19 PTB2 SPI0_MISO

Table continues on the next page...
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Table 9-3. Module signals by GPIO port and pin (continued)

64-pin 48-pin 44-pin 32-pin Port Module signal(s)
55 PTF2 SPI0_MISO
63 47 43 31 PTC4 SPI0_MISO
38 PTE3 SPI0_MOSI
40 28 26 20 PTB3 SPI0_MOSI
56 40 36 PTF3 SPI0_MOSI
64 48 44 32 PTC5 SPI0_MOSI
36 26 24 18 PTB1 SPI0_SCLK
54 PTFA1 SPI0_SCLK
62 46 42 30 PTC3 SPI0_SCLK
7 3 1 1 PTAO SPIO_SS
34 PTE1 SPIO_SS
53 PTFO SPIO_SS
61 45 41 PTF7 SPIO_SS
SPI
4 PTC7 SPI1_MISO
11 7 5 5 PTA4 SPI1_MISO
43 PTE6 SPI1_MISO
59 43 39 PTF5 SPI1_MISO
3 PTC6 SPI1_MOSI
12 8 6 6 PTA5 SPI1_MOSI
44 31 27 PTE7 SPI1_MOSI
60 44 40 PTF6 SPI1_MOSI
5 1 PTDO SPI1_SCLK
10 6 4 4 PTA3 SPI1_SCLK
42 30 PTES SPI1_SCLK
58 42 38 PTF4 SPI1_SCLK
PTD1 SPI1_SS
3 3 PTA2 SPI1_SS
41 29 PTE4 SPI1_SS
57 41 37 29 PTC2 SPI1_SS
UARTO
5 1 PTDO UARTO_CTS_b
32 PTD7 UARTO_CTS_b
42 30 PTE5 UARTO_CTS_b
62 46 42 30 PTC3 UARTO_CTS_b
6 2 PTD1 UARTO_RTS_b
33 PTEO UARTO_RTS_b
41 29 PTE4 UARTO_RTS_b
61 45 41 PTF7 UARTO_RTS_b

Table continues on the next page...
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Table 9-3. Module signals by GPIO port and pin (continued)

64-pin 48-pin 44-pin 32-pin Port Module signal(s)

4 PTC7 UARTO_RX
31 24 22 PTD6 UARTO_RX
43 PTEG6 UARTO_RX
63 47 43 31 PTC4 UARTO_RX

3 PTC6 UARTO_TX
30 23 21 16 PTA7 UARTO_TX
44 31 27 PTE7 UARTO_TX
64 48 44 32 PTC5 UARTO_TX

UART1

11 7 5 5 PTA4 UART1_CTS_b
58 42 38 PTF4 UART1_CTS_b
12 8 6 6 PTA5 UART1_RTS_b
57 41 37 29 PTC2 UART1_RTS_b
10 6 4 4 PTA3 UART1_RX
59 43 39 PTF5 UART1_RX

9 5 3 3 PTA2 UART1_TX
60 44 40 PTF6 UART1_TX

9.7 Module Signal Description Tables

The following sections correlate the chip-level signal name with the signal name used in
the module's chapter. They also briefly describe the signal function and direction.

9.7.1 Core Modules

Table 9-4. Background Debug Signal Descriptions

Chip signal name Module signal Description /0
name
BKGD BKGD Single-wire background debug interface pin I/0
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9.7.2 System Modules

Table 9-5. System Signal Descriptions

Chip signal name Module signal Description /0
name
RESET — Reset input signal I
VDD — MCU power I
VSS — MCU ground I
CLKOUT — External clock reference (0]

Table 9-6. LLWU Signal Descriptions

Chip signal name Module signal Description /0
name
LLWU_Pn LLWU_Pn Wakeup inputs (n = 0-15)

Table 9-7. VREG Signal Descriptions

Chip signal name Module signal Description /0
name
VOUT33 reg33_out Regulator output voltage (0]
VREGIN reg33_in Unregulated power supply I
9.7.3 Clock Modules
Table 9-8. OSC1 Signal Descriptions
Chip signal name Module signal Description /0
name
EXTALA1 EXTAL External clock/Oscillator input I
XTALA XTAL Oscillator output (0]
Table 9-9. OSC2 Signal Descriptions
Chip signal name Module signal Description /0
name
EXTAL2 EXTAL External clock/Oscillator input I
XTAL2 XTAL Oscillator output o]
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9.7.4 Memories and Memory Interfaces
Table 9-10. EzPort Signal Descriptions

Chip signal name

Module signal
name

Description

/0

EZP_CLK

EZP_CK

EzPort Clock

Input

EZP_CS

EZP_CS

EzPort Chip Select

Input

EZP_DI

EZP_D

EzPort Serial Data In

Input

EZP_DO

EZP_Q

EzPort Serial Data Out

Output

EZP_MS

Selects between EzPort serial flash programming mode and single
chip mode

Table 9-11. Mini-FlexBus Signal Descriptions

Chip signal name

Module signal
name

Description

/0

FB_CLKOUT

FB_CLK

O

FlexBus
Clock
Output

FBa_AD[19:0]

FB_A19-FB_AO

Address Bus

When FlexBus is used in a nonmultiplexed configuration, this is the
address bus, FB_A. When FlexBus is used in a multiplexed
configuration, this is the address and data bus, FB_AD.

When FlexBus is used in a multiplexed configuration, the full 20-bit
address is driven on the first clock of a bus cycle (address phase).
After the first clock, the data is driven on the bus (data phase).
During the data phase, the address is driven on the pins not used
for data. For example, in 16-bit mode, the lower address is driven
on FB_AD19-FB_AD16, and in 8-bit mode, the lower address is
driven on FB_AD19-FB_ADS.

I/0

FBa_ALE

Transfer Start—Indicates that the chip has begun a bus transaction
and that the address and attributes are valid.

When FlexBus is used in a multiplexed configuration, an inverted
FB_TS is available as an address latch enable (FB_ALE), which
indicates when the address is being driven on the FB_AD bus.

FB_TS/FB_ALE is asserted for one bus clock cycle.

FBa_CSO0

FB_CS1-FB_CS0

General Purpose Chip-Selects—Indicate which external memory or
peripheral is selected. A particular chip-select is asserted when the
transfer address is within the external memory's or peripheral's
address space, as defined in CSAR[BA] and CSMR[BAM].

FBa_DI[7:0]

FB_D7-FB_DO

Data Bus

When FlexBus is used in a nonmultiplexed configuration, this is the
data bus. When FlexBus is used in a multiplexed configuration, this
bus is not used.

I/0

FBa_OE

Output Enable—Sent to the external memory or peripheral to
enable a read transfer. This signal is asserted during read accesses
only when a chip-select matches the current address decode.

FBa_RW

Read/Write—Indicates whether the current bus operation is a read
operation (FB_R/W high) or a write operation (FB_R/W low).
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9.7.5 Analog

Table 9-12. ADCO Signal Descriptions

Chip signal name Module signal Description /0
name
ADCO_DPI[1:0] DADP3-DADPO |Differential Analog Channel Inputs I
ADCO_DM[1:0] DADM3-DADMO | Differential Analog Channel Inputs I
ADCO_SE[22:8,3:2,1: ADn Single-Ended Analog Channel Inputs |
0]
VREFH VREFSH Voltage Reference Select High I
VREFL VREFsL Voltage Reference Select Low I
VDDA Vppa Analog Power Supply I
VSSA Vssa Analog Ground |
Table 9-13. CMPO Signal Descriptions
Chip signal name Module signal Description /0
name
CMPO_IN[3:0] IN[3:0] Analog voltage inputs I
CMPO_OUT CMPO CMP output (0]
Table 9-14. DACO Signal Descriptions
Chip signal name Module signal Description /0
name
DACO_OUT — DAC output (0]
Table 9-15. VREF Signal Descriptions
Chip signal name Module signal Description /0
name
VREF_OUT VREF_OUT Internally-generated Voltage Reference output (0]
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9.7.6 Timer Modules
Table 9-16. FTMO Signal Descriptions

Chip signal name Module signal Description /0
name
TMR_CLKIN[1:0] EXTCLK External clock — FTM external clock can be selected to drive the
FTM counter.
FTMO_CH[1:0] CHn' Channel (n) — I/O pin associated with FTM channel (n). I/0
FTMO_FLT[2:0] FAULT}? Fault input (j) — input pin associated with fault input (j). I
FTMO0_QD_PHA PHA Quadrature decoder phase A input — input pin associated with I
quadrature decoder phase A.
FTMO_QD_PHB PHB Quadrature decoder phase B input — input pin associated with
quadrature decoder phase B.
1. n=channel number (0 to 7)
2. j=faultinput (0 to 3)
Table 9-17. FTM1 Signal Descriptions
Chip signal name Module signal Description /0
name
TMR_CLKINI[1:0] EXTCLK External clock — FTM external clock can be selected to drive the
FTM counter.
FTM1_CH[5:0] CHn' Channel (n) — I/O pin associated with FTM channel (n). I/0
FTM1_FLT[2:0] FAULT}? Fault input (j) — input pin associated with fault input (j). I
1. n=channel number (0 to 7)
2. j=faultinput (0 to 3)
Table 9-18. MTIM Signal Descriptions
Chip signal name Module signal Description /0
name
TMR_CLKIN[1:0] TCLK External clock source input into MTIM16
Table 9-19. CMT Signal Descriptions
Chip signal name Module signal Description /0
name
CMT_IRO CMT_IRO Infrared Output (0]
Table 9-20. PDBO Signal Descriptions
Chip signal name Module signal Description /0
name
PDBO_EXTRG EXTRG External Trigger Input Source
If the PDB is enabled and external trigger input source is selected,
a positive edge on the EXTRG signal resets and starts the counter.
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Table 9-21. LPTMRO and LPTMR1 Signal Descriptions

Chip signal name Module signal Description /0
name
LPTMR_ALT[3:1] LPTMR_ALTn I Pulse
Counter
Input pin
9.7.7 Communication Interfaces
Table 9-22. SPIO Signal Descriptions
Chip signal name Module signal Description /0
name
SPI0_MISO MISO Master Data In, Slave Data Out I/0
SPI0_MOSI MOSI Master Data Out, Slave Data In /10
SPI0_SCLK SPSCK SPI Serial Clock 1’0
SPI0_SS SS Slave Select I/0
Table 9-23. SPI1 Signal Descriptions
Chip signal name Module signal Description /0
name
SPI1_MISO MISO Master Data In, Slave Data Out /10
SPI1_MOSI MOSI Master Data Out, Slave Data In I/O
SPI1_SCLK SPSCK SPI Serial Clock I/O
SPI1_SS SS Slave Select I/O
Table 9-24. 12C0 Signal Descriptions
Chip signal name Module signal Description /0
name
12C0_SCL SCL Bidirectional serial clock line of the 12C system. I/0
12C0_SDA SDA Bidirectional serial data line of the I2C system. /0
Table 9-25. 12C1 Signal Descriptions
Chip signal name Module signal Description /0
name
12C1_SCL SCL Bidirectional serial clock line of the I2C system. I/0
12C1_SDA SDA Bidirectional serial data line of the I2C system. I/0
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Table 9-26. 12C2 Signal Descriptions

Chip signal name Module signal Description /0
name
12C2_SCL SCL Bidirectional serial clock line of the 12C system. I/0
12C2_SDA SDA Bidirectional serial data line of the I2C system. 1’0
Table 9-27. I12C3 Signal Descriptions
Chip signal name Module signal Description /0
name
12C3_SCL SCL Bidirectional serial clock line of the I2C system. I/0
12C3_SDA SDA Bidirectional serial data line of the I2C system. /0
Table 9-28. UARTO Signal Descriptions
Chip signal name Module signal Description /0
name
UARTO_CTS CTS Clear to send I
UARTO_RTS RTS Request to send (0]
UARTO_TX TXD Transmit data (6]
UARTO_RX RXD Receive data I
Table 9-29. UART1 Signal Descriptions
Chip signal name Module signal Description /0
name
UART1_CTS CTS Clear to send I
UARTI1_RTS RTS Request to send (0]
UART1_TX TXD Transmit data (0]
UART1_RX RXD Receive data I
9.7.8 Human-Machine Interfaces (HMI)
Table 9-30. GPIO Signal Descriptions
Chip signal name Module signal Description /0
name
PTA[7:0] PTA[7:0] General purpose input/output I/0
PTBJ[7:0] PTB[7:0] General purpose input/output I/0
PTC[7:0]! PTC[7:0] General purpose input/output I/0
PTDI[7:0] PTDI[7:0] General purpose input/output I/0

Table continues on the next page...
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Table 9-30. GPIO Signal Descriptions (continued)

Chip signal name Module signal Description /0
name

PTE[7:0]" PTE[7:0] General purpose input/output I/0

PTF[7:0]" PTF[7:0] General purpose input/output I/0

1.

The available GPIO pins depend on the specific package. See the signal multiplexing details for which exact GPIO signals

are available.
Table 9-31. RGPIO Signal Descriptions
Chip signal name Module signal Description /0
name
RGPIO[15:0] RGPIO[15:0] Data Input/Output. When configured as an input, the state of this I/0
signal is reflected in the read data register. When configured as an
output, this signal is the output of the write data register.
Table 9-32. TSIO0 Signal Descriptions
Chip signal name Module signal Description /0
name
TSI0_CH[15:0] TSI_IN[15:0] TSI pins. Switchable driver that connects directly to the electrode I/0
pins TSI[15:0] can operate as GPIO pins
Table 9-33. IRQ Signal Descriptions
Chip signal name Module signal Description /0
name
IRQ IRQ External interrupt pin
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Chapter 10
Port Mux Control

10.1 Port 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. Most mux registers reset to 00h.
Alternate values for each function match the column number in which that function
occurs in the pin summary table. Generally, default functions are assigned value O0h,
ALT1 functions O1h, and so on.

10.2 Memory Map and Registers

MXC memory map

CAUTION

Not all pins described in the port mux are available on every
package in the device family. Do not change the port mux
control field for pins that do not appear on the device in use.
For example, in a 32-pin package, mask the PTCPF1[C6] field
when writing to the PTCPF1 register. Changing the port mux
control field for such unavailable pins can generate unnecessary

current leakage.

Absolute

address Register name (ivr\nhlgitt:) Access | Reset value Set;tlc;n/
(hex) pag
FFFF_8080 |Port A Pin Function 1 Register (MXC_PTAPF1) 8 R/W 00h 10.2.1/192
FFFF_8081 |Port A Pin Function 2 Register (MXC_PTAPF2) 8 R/W 00h 10.2.2/193
FFFF_8082 |Port A Pin Function 3 Register (MXC_PTAPF3) 8 R/W 00h 10.2.3/194
FFFF_8083 |Port A Pin Function 4 Register (MXC_PTAPF4) 8 R/W 00h 10.2.4/194
FFFF_8084 |Port B Pin Function 1 Register (MXC_PTBPF1) 8 R/W 00h 10.2.5/195

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

22151?:;? Register name (i":ilgitt';) Access | Reset value S(;(;t;c;n/
(hex)
FFFF_8085 |Port B Pin Function 2 Register (MXC_PTBPF2) 8 R/W 02h 10.2.6/196
FFFF_8086 |Port B Pin Function 3 Register (MXC_PTBPF3) 8 R/W 00h 10.2.7/197
FFFF_8087 |Port B Pin Function 4 Register (MXC_PTBPF4) 8 R/W 05h 10.2.8/197
FFFF_8088 |Port C Pin Function 1 Register (MXC_PTCPF1) 8 R/W 00h 10.2.9/198
FFFF_8089 |Port C Pin Function 2 Register (MXC_PTCPF2) 8 R/W 00h 10.2.10/199
FFFF_808A |Port C Pin Function 3 Register (MXC_PTCPF3) 8 R/W 00h 10.2.11/200
FFFF_808B |Port C Pin Function 4 Register (MXC_PTCPF4) 8 R/W 20h 10.2.12/200
FFFF_808C |Port D Pin Function 1 Register (MXC_PTDPF1) 8 R/W 00h 10.2.13/201
FFFF_808D |Port D Pin Function 2 Register (MXC_PTDPF2) 8 R/W 00h 10.2.14/202
FFFF_808E |Port D Pin Function 3 Register (MXC_PTDPF3) 8 R/W 00h 10.2.15/203
FFFF_808F |Port D Pin Function 4 Register (MXC_PTDPF4) 8 R/W 00h 10.2.16/203
FFFF_8090 |Port E Pin Function 1 Register (MXC_PTEPF1) 8 R/W 00h 10.2.17/204
FFFF_8091 |Port E Pin Function 2 Register (MXC_PTEPF2) 8 R/W 00h 10.2.18/205
FFFF_8092 |Port E Pin Function 3 Register (MXC_PTEPF3) 8 R/W 00h 10.2.19/206
FFFF_8093 |Port E Pin Function 4 Register (MXC_PTEPF4) 8 R/W 00h 10.2.20/206
FFFF_8094 |Port F Pin Function 1 Register (MXC_PTFPF1) 8 R/W 00h 10.2.21/207
FFFF_8095 |Port F Pin Function 2 Register (MXC_PTFPF2) 8 R/W 00h 10.2.22/208
FFFF_8096 |Port F Pin Function 3 Register (MXC_PTFPF3) 8 R/W 00h 10.2.23/209
FFFF_8097 |Port F Pin Function 4 Register (MXC_PTFPF4) 8 R/W 00h 10.2.24/209
10.2.1 Port A Pin Function 1 Register (MXC_PTAPF1)
Address: FFFF_8080h base + Oh offset = FFFF_8080h
Bit 7 6 5 4 3 2 1 0
fead A7 A6
Reset 0 0 0 0 0 0 0 0
MXC_PTAPF1 field descriptions
Field Description
7-4 Port A7 Pin Mux Controls
A 0000 ADCO_SE13/TSI0_CH5
0001 PTA7
0010 UARTO_TX
0011 Reserved
0100 FTMO_QD_PHA
0101 Reserved
0110 FBa_D5

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

Field Description
0111 Reserved
1000-1111  Reserved

3-0 Port A6 Pin Mux Controls

A6
0000 ADCO_SE8/TSI0_CHO
0001 PTA6
0010 Reserved
0011 LPTMR_ALTH1
0100 FTM_FLT1
0101 FBa_D7
0110 FBa_AD17
0111 Reserved
1000-1111  Reserved

10.2.2 Port A Pin Function 2 Register (MXC_PTAPF2)

Address: FFFF_8080h base + 1h offset = FFFF_8081h

Bit 7 6 5 4 3 2 1 0
Read
Write AS A4
Reset 0 0 0 0 0 0 0 0
MXC_PTAPF2 field descriptions
Field Description
7-4 Port A5 Pin Mux Controls
A5
0000 ADCO0O_DM1/ADCO_SE3
0001 PTA5
0010 UART1_RTS_b
0011 12C2_SDA
0100 FTM1_CH5
0101 SPI1_MOSI
0110 CLKOUT
0111 Reserved
1000-1111  Reserved
3-0 Port A4 Pin Mux Controls
A4
0000 ADCO_DP1/ADCO_SE2
0001 PTA4
0010 UART1_CTS_b
0011 12C2_SCL
0100 FTM1_CH4
0101 SPI1_MISO
0110 Reserved

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

Field Description

0111 Reserved
1000-1111  Reserved

10.2.3 Port A Pin Function 3 Register (MXC_PTAPF3)

Address: FFFF_8080h base + 2h offset = FFFF_8082h

Bit 7 6 5 4 3 2 1 0
fead A3 A2
Reset 0 0 0 0 0 0 0 0

MXC_PTAPFS3 field descriptions
Field Description
7-4 Port A3 Pin Mux Controls
A3
0000 Disabled
0001 PTA3
0010 UART1_RX
0011 Reserved
0100 FTM1_CH3
0101 SPI1_SCLK
0110 Reserved
0111 Reserved
1000-1111  Reserved
3-0 Port A2 Pin Mux Controls
A2
0000 Disabled
0001 PTA2
0010 UART1_TX
0011 Reserved
0100 FTM1_CH2
0101 SPI1_SS
0110 Reserved
0111 Reserved
1000-1111  Reserved

10.2.4 Port A Pin Function 4 Register (MXC_PTAPF4)

Address: FFFF_8080h base + 3h offset = FFFF_8083h

Bit 7 6 5 4 3 2 1 0
Read
Write Al A0
Reset 0 0 0 0 0 0 0 0
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0000 Disabled
0001 PTAO

0010 Reserved
0011 12C2_SCL
0100 FTM1_CHO
0101 SPIO_SS
0110 FBa_AD15
0111 Reserved

1000-1111 Reserved

Field Description
7-4 Port A1 Pin Mux Controls
A1l
0000 Disabled
0001 PTA1
0010 Reserved
0011 12C2_SDA
0100 FTM1_CH1
0101 Reserved
0110 FBa_AD16
0111 Reserved
1000-1111  Reserved
3-0 Port A0 Pin Mux Controls
A0

10.2.5 Port B Pin Function 1 Register (MXC_PTBPF1)

Address: FFFF_8080h base + 4h offset = FFFF_8084h

Bit 7 6 5 4 3
b Z =
Reset 0 0 0 0 0

MXC_PTBPF1 field descriptions
Field Description
7-4 Port B7 Pin Mux Controls
B7

1000-1111 Reserved

0000 EXTALA

0001 PTB7

0010 Reserved
0011 12C1_SDA
0100 TMR_CLKIN1
0101 Reserved
0110 Reserved
0111 Reserved
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MXC_PTBPF1 field descriptions (continued)

Field

Description

3-0
B6

Port B6 Pin Mux Controls

0000
0001
0010
0011
0100
0101
0110
0111
1000-1111

EXTAL2
PTB6
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved

10.2.6 Port B Pin Function 2 Register (MXC_PTBPF2)

Address: FFFF_8080h base + 5h offset = FFFF_8085h

Bit

7

6

5

Read
Write B5 B4
Reset 0 0 0 0 0 1 0
MXC_PTBPF2 field descriptions
Field Description
7-4 Port B5 Pin Mux Controls
B5
0000 XTAL2
0001 PTB5
0010 Reserved
0011 Reserved
0100 Reserved
0101 Reserved
0110 Reserved
0111 Reserved
1000-1111  Reserved
3-0 Port B4 Pin Mux Controls
B4

0000
0001
0010
0011
0100
0101
0110
0111
1000-1111

Disabled
PTB4
BKGD/MS
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
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10.2.7 Port B Pin Function 3 Register (MXC_PTBPF3)

Address: FFFF_8080h base + 6h offset = FFFF_8086h

Bit 7 6 5 4 3 2 1 0
Read
Write B3 B2
Reset 0 0 0 0 0 0 0 0
MXC_PTBPF3 field descriptions
Field Description
7-4 Port B3 Pin Mux Controls
B3
0000 ADCO_SE18/TSI0_CH14
0001 PTB3
0010 SPI0_MOSI
0011 Reserved
0100 Reserved
0101 FBa_CS1_b
0110 FBa_ALE
0111 Reserved
1000-1111  Reserved
3-0 Port B2 Pin Mux Controls
B2
0000 ADCO_SE17/TSI0_CH13
0001 PTB2
0010 SPI0_MISO
0011 Reserved
0100 Reserved
0101 Reserved
0110 FBa_CSO0_b
0111 Reserved
1000-1111  Reserved

10.2.8 Port B Pin Function 4 Register (MXC_PTBPF4)

Address: FFFF_8080h base + 7h offset = FFFF_8087h

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

MXC_PTBPF4 field descriptions
Field Description
7-4 Port B1 Pin Mux Controls
B1
0000 TSIO_CH10

Table continues on the next page...
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MXC_PTBPF4 field descriptions (continued)

Field Description
0001 PTB1
0010 SPI0O_SCLK
0011 12C0_SDA
0100 FTM_FLT2
0101 LPTMR_ALT2
0110 FTMO0_QD_PHB
0111 FB_CLKOUT
1000-1111  Reserved

3-0 Port BO Pin Mux Controls

BO
0000 Disabled
0001 PTBO
0010 Reserved
0011 12C0_SCL
0100 Reserved
0101 IRQ/EZP_MS_b
0110 Reserved
0111 Reserved
1000-1111  Reserved

10.2.9 Port C Pin Function 1 Register (MXC_PTCPF1)

Address: FFFF_8080h base + 8h offset = FFFF_8088h

Bit 7 6 5 4 3 2 1 0
Read
Write c7 co
Reset 0 0 0 0 0 0 0 0
MXC_PTCPF1 field descriptions
Field Description
7-4 Port C7 Pin Mux Controls
C7
0000 Disabled
0001 PTC7
0010 UARTO_RX
0011 12C0_SDA
0100 RGPIO7
0101 SPI1_MISO
0110 FBa_AD12
0111 Reserved
1000-1111  Reserved
3-0 Port C6 Pin Mux Controls
Cé6
0000 Disabled

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

Field Description
0001 PTC6
0010 UARTO_TX
0011 12C0_SCL
0100 RGPIO6
0101 SPI1_MOSI
0110 FBa_AD11
0111 Reserved
1000-1111  Reserved

10.2.10 Port C Pin Function 2 Register (MXC_PTCPF2)

Address: FFFF_8080h base + 9h offset = FFFF_8089h

Bit 7 6 5 4 3 2 1 0
fead C5 c4
Reset 0 0 0 0 0 0 0 0

MXC_PTCPF2 field descriptions
Field Description
7-4 Port C5 Pin Mux Controls
C5
0000 Disabled
0001 PTC5
0010 UARTO_TX
0011 RGPIO5
0100 SPIO_MOSI
0101 CMT_IRO
0110 Reserved
0111 Reserved
1000-1111  Reserved
3-0 Port C4 Pin Mux Controls
C4
0000 Disabled
0001 PTC4
0010 UARTO_RX
0011 RGPIO4
0100 SPIO_MISO
0101 PDBO_EXTRG
0110 Reserved
0111 Reserved
1000-1111  Reserved
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10.2.11 Port C Pin Function 3 Register (MXC_PTCPF3)
Address: FFFF_8080h base + Ah offset = FFFF_808Ah
Bit 7 6 5 4 3 2 1 0
Read
Write C3 Cc2
Reset 0 0 0 0 0 0 0 0
MXC_PTCPFS3 field descriptions
Field Description
7-4 Port C3 Pin Mux Controls
C3
0000 Disabled
0001 PTC3
0010 UARTO_CTS_b
0011 RGPIO3
0100 SPI0O_SCLK
0101 CLKOUT
0110 Reserved
0111 Reserved
1000-1111  Reserved
3-0 Port C2 Pin Mux Controls
Cc2
0000 CMPO_IN3
0001 PTC2
0010 UART1_RTS_b
0011 SPI1_SS
0100 Reserved
0101 RGPIO2
0110 FBa_AD18
0111 Reserved
1000-1111 Reserved
10.2.12 Port C Pin Function 4 Register (MXC_PTCPF4)
Address: FFFF_8080h base + Bh offset = FFFF_808Bh
Bit 7 6 5 4 3 2 1 0
Read
Write C1 co
Reset 0 0 1 0 0 0 0 0
MXC_PTCPF4 field descriptions
Field Description
7-4 Port C1 Pin Mux Controls

C1

Table continues on the next page...
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MXC_PTCPF4 field descriptions (continued)

0000
0001
0010
0011
0100
0101
0110
0111
1000-1111

XTALA

PTCO
Reserved
12C1_SCL
TMR_CLKINO
RGPIO0
Reserved
Reserved
Reserved

Field Description
NOTE: PTC1 is open drain.
0000 Disabled
0001 PTCA
0010 RESET_b
0011 Reserved
0100 Reserved
0101 Reserved
0110 Reserved
0111 Reserved
1000-1111  Reserved

3-0 Port CO Pin Mux Controls

Co

10.2.13 Port D Pin Function 1 Register (MXC_PTDPF1)

Address: FFFF_8080h base + Ch offset = FFFF_808Ch

Bit

7

6

5

Read
Write D7 D6
Reset 0 0 0 0 0
MXC_PTDPF1 field descriptions
Field Description
7-4 Port D7 Pin Mux Controls
D7

0000
0001
0010
0011
0100
0101
0110
0111
1000-1111

ADCO_SE15/TSI0_CH7

PTD7

UARTO_CTS_b

12C3_SCL
RGPIO15
Reserved
FBa_D3
Reserved
Reserved

Table continues on the next page...
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MXC_PTDPF1 field descriptions (continued)

Field Description
3-0 Port D6 Pin Mux Controls
D6
0000 ADCO_SE14/TSI0_CH6
0001 PTD6
0010 UARTO_RX
0011 RGPIO14
0100 Reserved
0101 Reserved
0110 FBa_D4
0111 Reserved
1000-1111  Reserved

10.2.14 Port D Pin Function 2 Register (MXC_PTDPF2)

Address: FFFF_8080h base + Dh offset = FFFF_808Dh

Bit 7 6 5 4 3 2 1 0
Read
Write D5 D4
Reset 0 0 0 0 0 0 0 0
MXC_PTDPF2 field descriptions
Field Description
7-4 Port D5 Pin Mux Controls
D5
0000 ADCO_SE12/TSI0_CH4
0001 PTD5
0010 Reserved
0011 RGPIO13
0100 Reserved
0101 Reserved
0110 FBa_D6
0111 Reserved
1000-1111  Reserved
3-0 Port D4 Pin Mux Controls
D4

0000 ADCO_SE11/TSI0_CHS3
0001 PTD4

0010 Reserved

0011 RGPIO12

0100 Reserved

0101 Reserved

0110 FBa_D7

0111 Reserved

1000-1111 Reserved
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10.2.15 Port D Pin Function 3 Register (MXC_PTDPF3)

Address: FFFF_8080h base + Eh offset = FFFF_808Eh

Bit 7 6 5 4 3 2 1 0
Read
Write D3 D2
Reset 0 0 0 0 0 0 0 0
MXC_PTDPFS3 field descriptions
Field Description
7-4 Port D3 Pin Mux Controls
D3
0000 ADCO_SE10/TSI0_CH2
0001 PTD3
0010 FTMO_QD_PHB
0011 RGPIO11
0100 FTMO_CH1
0101 FBa_D6
0110 FBa_ADO
0111 Reserved
1000-1111  Reserved
3-0 Port D2 Pin Mux Controls
D2
0000 ADCO_SE9/TSI0_CH1
0001 PTD2
0010 FTMO_QD_PHA
0011 RGPIO10
0100 FTMO_CHO
0101 Reserved
0110 Reserved
0111 Reserved
1000-1111 Reserved

10.2.16 Port D Pin Function 4 Register (MXC_PTDPF4)

Address: FFFF_8080h base + Fh offset = FFFF_808Fh

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

MXC_PTDPF4 field descriptions
Field Description
7-4 Port D1 Pin Mux Controls
D1
0000 Disabled

Table continues on the next page...
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MXC_PTDPF4 field descriptions (continued)

Field Description
0001 PTD1
0010 UARTO_RTS_b
0011 12C1_SCL
0100 RGPIO9
0101 SPI1_SS
0110 FBa_AD14
0111 Reserved
1000-1111  Reserved

3-0 Port DO Pin Mux Controls

Do
0000 Disabled
0001 PTDO
0010 UARTO_CTS_b
0011 12C1_SDA
0100 RGPIO8
0101 SPI1_SCLK
0110 FBa_AD13
0111 Reserved
1000-1111  Reserved

10.2.17 Port E Pin Function 1 Register (MXC_PTEPF1)

Address: FFFF_8080h base + 10h offset = FFFF_8090h

Bit 7 6 5 4 3 2 1 0

Read

Write E7 E6

Reset 0 0 0 0 0 0 0 0

MXC_PTEPF1 field descriptions

Field Description

7-4 Port E7 Pin Mux Controls

E7
0000 ADCO_SE22
0001 PTE7
0010 UARTO_TX
0011 PDB0_EXTRG
0100 SPI1_MOSI
0101 FBa_RW_b
0110 FBa_AD4
0111 Reserved
1000-1111  Reserved

3-0 Port E6 Pin Mux Controls

E6
0000 ADCO_SE21

Table continues on the next page...
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MXC_PTEPF1 field descriptions (continued)

Field Description
0001 PTE6
0010 UARTO_RX
0011 12C1_SDA
0100 SPI1_MISO
0101 Reserved
0110 FBa_AD3
0111 Reserved
1000-1111  Reserved

10.2.18 Port E Pin Function 2 Register (MXC_PTEPF2)

Address: FFFF_8080h base + 11h offset = FFFF_8091h

Bit 7 6 5 4 3 2 1 0
fead E5 E4
Reset 0 0 0 0 0 0 0 0

MXC_PTEPF2 field descriptions
Field Description
7-4 Port E5 Pin Mux Controls
E5
0000 ADCO_SE20
0001 PTE5
0010 UARTO_CTS_b
0011 12C1_SCL
0100 SPI1_SCLK
0101 Reserved
0110 FBa_AD2
0111 Reserved
1000-1111  Reserved
3-0 Port E4 Pin Mux Controls
E4
0000 ADCO_SE19/TSI0_CH15
0001 PTE4
0010 UARTO_RTS_b
0011 LPTMR_ALT3
0100 SPI1_SS
0101 Reserved
0110 FBa_AD1
0111 Reserved
1000-1111  Reserved
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10.2.19 Port E Pin Function 3 Register (MXC_PTEPF3)

Address: FFFF_8080h base + 12h offset = FFFF_8092h

Bit 7 6 5 4 3 2 1 0
Read
Write E3 E2
Reset 0 0 0 0 0 0 0 0
MXC_PTEPF3 field descriptions
Field Description
7-4 Port E3 Pin Mux Controls
E3
0000 ADCO_SE16/TSI0_CH12
0001 PTE3
0010 SPI0_MOSI
0011 12C3_SDA
0100 Reserved
0101 Reserved
0110 FBa_OE_b
0111 Reserved
1000-1111  Reserved
3-0 Port E2 Pin Mux Controls
E2
0000 TSIO_CH11
0001 PTE2
0010 Reserved
0011 12C3_SCL
0100 Reserved
0101 Reserved
0110 FBa_DO
0111 Reserved
1000-1111 Reserved
10.2.20 Port E Pin Function 4 Register (MXC_PTEPF4)
Address: FFFF_8080h base + 13h offset = FFFF_8093h
Bit 7 6 5 4 3 2 1 0
Read
Write E1 EO
Reset 0 0 0 0 0 0 0 0
MXC_PTEPF4 field descriptions
Field Description
7-4 Port E1 Pin Mux Controls
E1
0000 TSI0_CH9

Table continues on the next page...
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MXC_PTEPF4 field descriptions (continued)

Field Description
0001 PTE1
0010 SPIO_SS
0011 Reserved
0100 FTM_FLTO
0101 Reserved
0110 FBa_D1
0111 Reserved
1000-1111  Reserved

3-0 Port EO Pin Mux Controls

EO
0000 TSIO_CHS8
0001 PTEO
0010 UARTO_RTS_b
0011 12C3_SDA
0100 Reserved
0101 Reserved
0110 FBa_D2
0111 Reserved
1000-1111  Reserved

10.2.21 Port F Pin Function 1 Register (MXC_PTFPF1)

Address: FFFF_8080h base + 14h offset = FFFF_8094h

Bit 7 6 5 4 3 2
Read
Write F7 F6
Reset 0 0 0 0 0 0
MXC_PTFPF1 field descriptions
Field Description
7-4 Port F7 Pin Mux Controls
F7
0000 Disabled
0001 PTF7
0010 UARTO_RTS_b
0011 Reserved
0100 SPI0_SS
0101 FBa_DO
0110 FBa_AD10
0111 Reserved
1000-1111  Reserved
3-0 Port F6 Pin Mux Controls
F6
0000 Disabled

Table continues on the next page...
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MXC_PTFPF1 field descriptions (continued)

Field Description
0001 PTF6
0010 UART1_TX
0011 SPI1_MOSI
0100 Reserved
0101 FBa_D1
0110 FBa_AD9
0111 Reserved
1000-1111  Reserved

10.2.22 Port F Pin Function 2 Register (MXC_PTFPF2)

Address: FFFF_8080h base + 15h offset = FFFF_8095h

Bit 7 6 5 4 3 2 1 0
fead F5 F4
Reset 0 0 0 0 0 0 0 0

MXC_PTFPF2 field descriptions

Field Description

7-4 Port F5 Pin Mux Controls

F5
0000 Disabled
0001 PTF5
0010 UART1_RX
0011 SPI_MISO
0100 Reserved
0101 FBa_D2
0110 FBa_RW_b
0111 Reserved
1000-1111  Reserved

3-0 Port F4 Pin Mux Controls

F4
0000 Disabled
0001 PTF4
0010 UART1_CTS_b
0011 SPI1_SCLK
0100 Reserved
0101 FBa_D3
0110 FBa_AD19
0111 Reserved
1000-1111  Reserved
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10.2.23 Port F Pin Function 3 Register (MXC_PTFPF3)

Address: FFFF_8080h base + 16h offset = FFFF_8096h

Bit 7 6 5 4 3 2 1 0
fead F3 F2
Reset 0 0 0 0 0 0 0 0

MXC_PTFPF3 field descriptions
Field Description
7-4 Port F3 Pin Mux Controls
F3
0000 CMPO_IN2
0001 PTF3
0010 SPIO_MOSI
0011 Reserved
0100 Reserved
0101 RGPIO1
0110 FBa_AD8
0111 Reserved
1000-1111  Reserved
3-0 Port F2 Pin Mux Controls
F2
0000 CMPO_IN1
0001 PTF2
0010 SPIO_MISO
0011 Reserved
0100 Reserved
0101 Reserved
0110 FBa_AD7
0111 Reserved
1000-1111  Reserved

10.2.24 Port F Pin Function 4 Register (MXC_PTFPF4)

Address: FFFF_8080h base + 17h offset = FFFF_8097h

Bit 7 6 5 4 3 2 1 0
Read
Write F1 FO
Reset 0 0 0 0 0 0 0 0

MXC_PTFPF4 field descriptions
Field Description
7-4 Port F1 Pin Mux Controls
F1
0000 Disabled

Table continues on the next page...
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MXC_PTFPF4 field descriptions (continued)

Field Description
0001 PTF1
0010 SPI0O_SCLK
0011 Reserved
0100 Reserved
0101 CMPO_OUT
0110 FBa_AD6
0111 Reserved
1000-1111  Reserved

3-0 Port FO Pin Mux Controls

FO
0000 CMPO_INO
0001 PTFO
0010 SPIO_SS
0011 Reserved
0100 Reserved
0101 Reserved
0110 FBa_AD5
0111 Reserved
1000-1111  Reserved
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Chapter 11
Core

11.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

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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Figure 11-1. V1 ColdFire Core Pipelines

The instruction fetch pipeline (IFP) is a two-stage pipeline for prefetching instructions.
The prefetched instruction stream is then gated into the two-stage operand execution
pipeline (OEP), that decodes the instruction, fetches the required operands, and then
executes the required function. Because the IFP and OEP pipelines are decoupled by an
instruction buffer serving as a FIFO queue, the IFP is able to prefetch instructions in
advance of their actual use by the OEP thereby minimizing time stalled waiting for
instructions.

The V1 ColdFire core pipeline stages include the following:
» Two-stage instruction fetch pipeline (IFP) (plus optional instruction buffer stage)
* Instruction address generation (IAG) — Calculates the next prefetch address
* Instruction fetch cycle (IC) — Initiates prefetch on the processor's local bus

* Instruction buffer (IB) — Optional buffer stage minimizes fetch latency effects
using FIFO queue

» Two-stage operand execution pipeline (OEP)
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* Decode and select/operand fetch cycle (DSOC) — Decodes instructions and
fetches the required components for effective address calculation, or the operand
fetch cycle

* Address generation/execute cycle (AGEX) — Calculates operand address or
executes the instruction

When the instruction buffer is empty, opcodes are loaded directly from the IC cycle into
the operand execution pipeline. If the buffer is not empty, the IFP stores the contents of
the fetched instruction in the IB until it is required by the OEP. The instruction buffer on
the V1 core contains three longwords of storage.

For register-to-register and register-to-memory store operations, the instruction passes
through both OEP stages once. For memory-to-register and read-modify-write memory
operations, an instruction is effectively staged through the OEP twice; the first time to
calculate the effective address and initiate the operand fetch on the processor's local bus,
and the second time to complete the operand reference and perform the required function
defined by the instruction.

The resulting pipeline and local bus structure allow the V1 ColdFire core to deliver
sustained high performance across a variety of demanding embedded applications.

11.2 Memory Map/Register Description

The following sections describe the processor registers in the user and supervisor
programming models. The programming model is selected based on the processor
privilege level (user mode or supervisor mode) as defined by the S bit of the status
register (SR).

The user-programming model consists of the following registers:
* 16 general-purpose 32-bit registers (D0-D7, AO-A7)
 32-bit program counter (PC)

* 8-bit condition code register (CCR)
* EMAC registers (refer to EMAC description)

* Four 48-bit accumulator registers partitioned as follows:
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* Four 32-bit accumulators (ACCO-ACC3)

* Eight 8-bit accumulator extension bytes (two per accumulator). These are
grouped into two 32-bit values for load and store operations (ACCEXTO1
and ACCEXT23).

Accumulators and extension bytes can be loaded, copied, and stored, and results
from EMAC arithmetic operations generally affect the entire 48-bit destination.

* One 16-bit mask register (MASK)

* One 32-bit status register (MACSR) including four indicator bits signaling
product or accumulation overflow (one for each accumulator: PAVO-PAV3)

The supervisor programming model is to be used only by system control software to
implement restricted operating system functions, I/O control, and memory management.
All accesses that affect the control features of ColdFire processors are in the supervisor
programming model, that consists of registers available in user mode as well as the
following control registers:

* 16-bit status register (SR)

 32-bit supervisor stack pointer (SSP)

» 32-bit vector base register (VBR)

 32-bit CPU configuration register (CPUCR)

Table 11-1. ColdFire core programming model

BDM Register? Width Access Reset value Written
command? (bits) with
MOVEC3
Supervisor/user access registers
Load: 0x60 Data register 0 (DO) 32 R/W See Reset No
Store: 0x40 see Data registers (D0-D7) Exception
Load: 0x61 Data register 1 (D1) 32 R/W See Reset No
Store: 0x41 see Data registers (D0-D7) Exception
Load: 0x62-7 Data registers 2-7 (D2-7) 32 R/W POR: Undefined |No
Store: 0x42-7 see Data registers (D0-D7) Else: Unaffected
Load: 0x68-E Address registers (A0—AB) 32 R/W POR: Undefined |No
Store: 0x48-E Else: Unaffected
Load: Ox6F User stack pointer 32 R/W POR: Undefined |No
Store: Ox4F see Supervisor/user stack pointers (A7 and Else: Unaffected
OTHER_A7)

Table continues on the next page...
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Table 11-1. ColdFire core programming model (continued)

BDM Register? Width Access Reset value Written
command’ (bits) with
MOVEC?
Load: OxE4 MAC status register (MACSR) 32 R/W 0x0000_0000 No
Store: 0xC4
Load: OXE5 MAC address mask register (MASK) 16 R/W OxFFFF No
Store: 0xC5
Load: OXE6 MAC accumulator (ACC) 32 R/W POR: Undefined |No
Store: 0xC6 Else: Unaffected
Load: OXE7 MAC accumulator 0,1 extension bytes 32 R/W POR: Undefined |No
Store: 0xC7 (ACCext01) Else: Unaffected
Load: OxES8 MAC accumulator 2,3 extension bytes 32 R/W POR: Undefined [No
Store: 0xC8 (ACCext23) Else: Unaffected
Load: OXEE Condition code register (CCR) (LSB of Status 8 R/W POR: Undefined |No
Store: OxCE register (SR)) Else: Unaffected
Load: OXEF Program counter (PC) 32 R/W Contents of No
Store: OxCF location

0x(00)00_0004

Supervisor access only registers

Load: OXEO Supervisor stack pointer 32 R/W Contents of No
Store: 0xCO see Supervisor/user stack pointers (A7 and Ig)z:(%t(i)c)ngo 0000
OTHER_A7) -
Load: OXE1 Vector base register (VBR) 32 R/W See register's Yes
Store: 0xC1 description Rc = 0x801
Load: OxE2 CPU configuration register (CPUCR) 32 w See register's Yes
Store: 0xC2 description Rc = 0x802
Load: OXEE Status register (SR) 16 R/W 0x27-- No
Store: OxCE

1. The values listed in this column represent the 8-bit BDM command code used when accessing the core registers via the 1-
pin BDM port. For details, see information about ColdFire debug operation. (These BDM commands are not similar to
those of non-V1 ColdFire processors.)

2. The EMAC registers are available only if the EMAC module is present on the device.

3. If the given register is written using the MOVEC instruction, the 12-bit control register address (Rc) is also specified.

11.2.1 Data registers (D0-D7)

These registers are for bit (1-bit), byte (8-bit), word (16-bit) and longword (32-bit)
operations; they can also be used as index registers.

NOTE
The DO and D1 registers contain hardware configuration details
after reset. See Reset Exception for more details.
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Table 11-2. Data registers (D0-D7)

BDM: Load: 0x60 + n; n = 0—7 (Dn) Access: User read/write
Store: 0x40 + n; n = 0-7 (Dn) BDM read/write
31 30 29 28|27 26 25 24|23 22 21 2o|19 18 17 16
R
Data
W
Reset (D2— B B _ B _ B B B B B B _ B _ B B
D7)
Reset (DO, See Reset Exception
D1)
15 14 13 12|11 1098|7654|3210
R
Data
W
Reset (D2— _ _ _ _ _ _ _ B _ _ _ _ B _ _ _
D7)
Reset (B% See Reset Exception

11.2.2 Address registers (A0—-A6)

These registers can be used as software stack pointers, index registers, or base address
registers. They can also be used for word and longword operations.

Table 11-3. Address registers (A0—-A6)

BDM: Load: 0x68 + n; n = 0-6 (An) Access: User read/write
Store: 0x48 + n; n = 0-6 (An) BDM read/write
31 30 29 28|27 2% 25 24|23 22 21 2o|19 18 17 16
R
Address
W
Reset————|————|————|————
15 14 13 12|11 1098|7654|321O
R
Address
W
Reset————|————|————|————
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11.2.3 Supervisor/user stack pointers (A7 and OTHER_A7)

This ColdFire architecture supports two independent stack pointer (A7) registers: the
supervisor stack pointer (SSP) and the user stack pointer (USP). The hardware
implementation of these two program-visible 32-bit registers does not identify one as the
SSP and the other as the USP. Instead, the hardware uses one 32-bit register as the active
A7 and the other as OTHER_A7. Thus, the register contents are a function of the
processor operation mode, as shown in the following:

if SR[S] =1
then A7 = Supervisor Stack Pointer
OTHER_A7 = User Stack Pointer
else A7 = User Stack Pointer

OTHER_A7 = Supervisor Stack Pointer

The BDM programming model supports direct reads and writes to A7 and OTHER_A7.
It is the responsibility of the external development system to determine, based on the
setting of SR[S], the mapping of A7 and OTHER_A7 to the two program-visible
definitions (SSP and USP).

To support dual stack pointers, the following two supervisor instructions are included in
the ColdFire instruction set architecture to load/store the USP:

move.l Ay,USP;move to USP
move.l USP,Ax;move from USP

The ColdFire Family Programmer’s Reference Manual describes these instructions. All
other instruction references to the stack pointer, explicit or implicit, access the active A7
register.

NOTE
The USP must be initialized using the

move.l Ay,USP

instruction before any entry into user mode.

The SSP is loaded during reset exception processing with the
contents of location 0x(00)00_0000.

Table 11-4. Stack pointer registers (A7 and OTHER_A?7)

BDM: Load: Ox6F (A7) Access:
Store: 0x4F (A7) A7: User or BDM read/
Load: OXEO (OTHER_A7) write

Store: 0xCO (OTHER_A7) OTH EBRD—GZ;:;‘/‘\’:Q’;S‘" or

Table continues on the next page...
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Table 11-4. Stack pointer registers (A7 and OTHER_A7) (continued)

31 30 29 28 | 27 26 25 24 | 23 22 21 20 | 19 18 17 16
R Address
W
Reset| - - - - | - - - _ | — _ _ _ | _ _ _ _
15 14 13 12 | 11 10 9 8 | 7 6 5 4 | 3 2 1 0
R Address
w
Reset| - - - - | - - — _ | _ _ _ _ | _ _ _ _

11.2.4 Condition code register (CCR)

The CCR is the LSB of the processor status register (SR). Bits 40 act as indicator flags
for results generated by processor operations. The extend bit (X) is also an input operand
during multiprecision arithmetic computations. The CCR register must be explicitly
loaded after reset and before any CMP, Bcc, or Scc instructions are executed.

Table 11-5. Condition code register (CCR)

BDM: LSB of status register (SR) Access: User read/write
Load: OXEE (SR) BDM read/write
Store: 0xCE (SR)
6 5 4 3 2 1 0
R 0
X N 4 \Y C
w
Reset 0 0 0 - - - - -

Table 11-6. CCR field descriptions

Field Description
7-5 Reserved; must be cleared.
4 Extend condition code
X This bit is set to the C bit's value for arithmetic operations; otherwise not affected or set to a

specified result.

Negative condition code

This bit is set if the most significant bit of the result is set; otherwise cleared.

Zero condition code

N M2 W

This bit is set if result equals zero; otherwise cleared.

Table continues on the next page...
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Table 11-6. CCR field descriptions (continued)

Field Description
1 Overflow condition code
Vv This bit is set if an arithmetic overflow occurs implying the result cannot be represented in operand
size; otherwise cleared.
0 Carry condition code
C This bit is set if a carry out of the operand msb occurs for an addition or if a borrow occurs in a

subtraction; otherwise cleared.

11.2.5 Program counter (PC)

The PC contains the currently executing instruction address. During instruction execution
and exception processing, the processor automatically increments PC contents or places a
new value in the PC. The PC is a base address for PC-relative operand addressing.

The PC is initially loaded during reset exception processing with the contents at location
0x(00)00_0004.

Table 11-7. Program counter (PC) register

BDM: Load: OXEF (PC) Access: User read/write

Store: OxCF (PC) BDM read/write
31 30 29 28 27 26 25 24 23 22 21 20 | 19 18 17 16

R| O 0 0 0 0 0 0 0

Address

15 14 13 12|11 1098|7654|3210

Reset————|————|—

11.2.6 Vector base register (VBR)

The VBR contains the base address of the exception vector table in the memory. To
access the vector table, the displacement of an exception vector is added to the value in
VBR. The lower 20 bits of the VBR are not implemented by ColdFire processors. They
are assumed to be zero, forcing the table to be aligned on a 1 MB boundary.
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In addition, because the V1 ColdFire core supports a 16 MB address space, the upper
byte of the VBR is also forced to zero. The VBR can be used to relocate the exception
vector table from its default position in the flash memory (address 0x(00)00_0000) to the
base of the RAM (address 0x(00)80_0000) if needed.

Table 11-8. Vector base register (VBR)

BDM: 0x801 (VBR) Access: Supervisor read/
Load: OXE1 (VBR) write
Store: OxC1 (VBR) BDM read/write

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

R| O 0 0 0 0 0 0 0 - - - -
Base Address

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

11.2.7 CPU configuration register (CPUCR)

This register provides supervisor mode configurability of specific core functionality.
Particular hardware features can be enabled/disabled individually based on the state of
the CPUCR.

NOTE
Program the Flash Memory Controller's configuration and
control settings only while the Flash Memory Controller is idle.
Changing settings while a flash access is in progress can lead to
non-deterministic behavior.

NOTE
System software is required to maintain memory coherence
when any segment of the program flash memory cache is
programmed. For example, all buffer data associated with the
reprogrammed flash should be invalidated. Accordingly, cache
program visible writes must occur after a programming or erase
event is completed and before the new memory image is
accessed.
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Table 11-9. CPU configuration register (CPUCR)

BDM: 0x802 (CPUCR) Access: Supervisor read/
Load: OXE2 (CPUCR) write
Store: 0xC2 (CPUCR) BDM read/write
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R CBR Feol | Foc |Ficoll—> L — |~ | -
W ARD | IRD | IAE | IME |BWD | HAE | FSD R FHP 3 EN s |FcoL
R
Reset| 0 0 0 0 0 0 0 0 - 0 0 0 0 - - -
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R — — — — — — — — — — — — — — — —
w
Reset| - - - - - - - - - - - - - - - -
Table 11-10. CPUCR field descriptions
Field Description
31 Address-related reset disable
ARD Used to disable the generation of a reset event in response to a processor exception caused by an
address error, a bus error, an RTE format error, or a fault-on-fault halt condition.
0 The detection of these types of exception conditions or the fault-on-fault halt condition
generate a reset event.
1 No reset is generated in response to these exception conditions.
30 Instruction-related reset disable
IRD Used to disable the generation of a reset event in response to a processor exception caused by the
attempted execution of an illegal instruction (except for the ILLEGAL opcode), illegal line A, illegal
line F instructions, or a privilege violation.
0 The detection of these types of exception conditions generate a reset event.
1 No reset is generated in response to these exception conditions.
29 Interrupt acknowledge (IACK) enable
IAE Forces the processor to generate an IACK read cycle from the interrupt controller during exception
processing to retrieve the vector number of the interrupt request being acknowledged. The
processor’s execution time for an interrupt exception is slightly improved when this bit is cleared.
0 The processor uses the vector number provided by the interrupt controller at the time
the request is signaled.
1 IACK read cycle from the interrupt controller is generated.
28 Interrupt mask enable
IME Forces the processor to raise the interrupt level mask (SRJl]) to 7 during every interrupt exception.

0 As part of an interrupt exception, the processor sets SR[I] to the level of the interrupt
being serviced.

1 As part of an interrupt exception, the processor sets SR[l] to 7. This disables all level
1-6 interrupt requests but allows recognition of the edge-sensitive level 7 requests.

Table continues on the next page...
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Table 11-10. CPUCR field descriptions (continued)

Field

Description

27
BWD

Buffered write disable
The ColdFire core is capable of marking processor memory writes as bufferable or non-bufferable.

NOTE: If buffered writes are enabled (BWD is 0), any error status is lost as the immediate
termination of the data transfer assumes an error-free completion.

0 Writes are buffered and the bus cycle is terminated immediately with zero wait states.

Disable the buffering of writes. In this configuration, the write transfer is terminated
based on the response time of the addressed destination memory device.

26
HAE

Crossbar high priority arbitration enable

Elevates the processor's fixed crossbar arbitration from lowest to highest during the processing of
an interrupt service routine.

0 Do not enable the processor's fixed crossbar arbitration from lowest to highest during
the processing of an interrupt service routine.

1 Enable the processor's fixed crossbar arbitration from lowest to highest during the
processing of an interrupt service routine.

25
FSD

Flash speculation disable

This bit controls whether prefetching by the speculation buffer is enabled. When enabled,
prefetching occurs only for program flash accesses. Disabling prefetching also clears the current
prefetch buffer.

0 Prefetching is enabled.

1 Prefetching is disabled.

24
CBRR

Crossbar round-robin arbitration enable

Configures the crossbar slave ports to fixed-priority or round-robin arbitration.

0 Fixed-priority arbitration

1 Round-robin arbitration

23
FHP

Crossbar force high priority arbitration.

Elevates the processor's fixed crossbar arbitration from lowest to highest.

0 Do not force the elevation of the processor's fixed crossbar arbitration from lowest to
highest.

1 Force the elevation of the processor's fixed crossbar arbitration from lowest to highest.

22
FCDIS

Flash controller cache disable

Disables the caching of the flash read data. This bit overrides the instruction and data cache
enables.

0 The flash controller's cache is enabled. Use the instruction and data cache enable bits
to decide which accesses are cached.

1 The flash controller's cache is disabled. (lower performance)

21
FDCEN

Flash data caching enable

Enables the caching of operand fetches from the flash memory controller.

0 Data accesses via the flash controller cache are disabled.

1 Data accesses via the flash controller cache are enabled.

Table continues on the next page...

MCF51QM128 Reference Manual, Rev. 4, 08/2012

222

Freescale Semiconductor, Inc.




Chapter 11 Core

Table 11-10. CPUCR field descriptions (continued)

Field Description
20 Flash instruction caching disable
FICDIS Disables the caching of instruction fetches from the flash memory controller.
0 Instruction fetches via the flash controller cache are enabled.
1 Instruction fetches via the flash controller cache are disabled.
19 Clear flash controller cache
FCCLR Setting this bit to 1 clears (invalidates) the cache immediately. This bit always reads as 0.
18-0 Reserved; must be cleared.

11.2.8 Status register (SR)

This register stores the processor status and includes the CCR, the interrupt priority mask,
and other control bits. In supervisor mode, software can access the entire SR. In user
mode, only the lower 8 bits (the CCR) are accessible. The control bits indicate the
following states for the processor: trace mode (T bit), supervisor or user mode (S bit), and
master or interrupt state (M bit). All defined bits in the SR have read/write access when
in supervisor mode. The lower byte of the SR (the CCR) must be loaded explicitly after
reset and before any compare (CMP), Bcc, or Scc instructions execute.

Table 11-11. Status register (SR)

BDM: Load: OXEE (SR) Access: Supervisor read/

Store: OXCE (SR) write
BDM read/write

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

Reset| 0 0 1 0 0 1 1 1 0 0 0 - - - - -

Table 11-12. SR field descriptions

Field Description
15 Trace enable
T When this bit is set, the processor performs a trace exception after every instruction.
14 Reserved; must be cleared.
13 Supervisor/user state
S 0 User mode
1 Supervisor mode

Table continues on the next page...
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Table 11-12. SR field descriptions (continued)

Field Description
12 Master/interrupt state
M 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 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)

11.3 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
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The following table summarizes the instructions added to revision ISA_A to form
revision ISA_ C. For more details see the ColdFire Family Programmer's Reference
Manual.

Table 11-13. Instruction Enhancements over Revision ISA_A
Instruction Description
BITREV The contents of the destination data register are bit-reversed; that is, new Dn[31] equals old Dn[0], new
Dn[30] equals old Dn[1], ..., new Dn[0] equals old Dn[31].
BYTEREV The contents of the destination data register are byte-reversed; that is, new Dn[31:24] equals old
Dn([7:0], ..., new Dn[7:0] equals old Dn[31:24].

FFA1 The data register, Dn, is scanned, beginning from the most-significant bit (Dn[31]) and ending with the
least-significant bit (Dn[0]), searching for the first set bit. The data register is then loaded with the offset
count from bit 31 where the first set bit appears.

MOV3Q.L Moves 3-bit immediate data to the destination location.

Move from USP

User Stack Pointer — Destination register

Move to USP  |Source register - User Stack Pointer
MVS.{B,W} Sign-extends source operand and moves it to destination register.
MVZ.{B,W} Zero-fills source operand and moves it to destination register.
SATS.L Performs saturation operation for signed arithmetic and updates destination register, depending on
CCRJ[V] and bit 31 of the register.
TAS.B Performs indivisible read-modify-write cycle to test and set addressed memory byte.
Bec.L Branch conditionally, longword
BSR.L Branch to sub-routine, longword
CMP.{B,W} Compare, byte and word
CMPA.W Compare address, word
CMPIL.{B,W} |Compare immediate, byte and word
MOVEI Move immediate, byte and word to memory using Ax with displacement
STLDSR Pushes the contents of the status register onto the stack and then reloads the status register with the

immediate data value.

11.3.2 Exception Processing Overview

Exception processing for ColdFire processors is streamlined for performance. The
ColdFire processors differ from the M68000 family because they include:

» A simplified exception vector table
* Reduced relocation capabilities using the vector-base register
* A single exception stack frame format

» Use of separate system stack pointers for user and supervisor modes.

All ColdFire processors use an instruction restart exception model.
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Exception processing includes all actions from fault condition detection to the initiation
of fetch for first handler instruction. Exception processing is comprised of four major
steps:

1. The processor makes an internal copy of the SR and then enters supervisor mode by
setting the S bit and disabling trace mode by clearing the T bit. The interrupt
exception also forces the M bit to be cleared and the interrupt priority mask to set to
current interrupt request level.

2. The processor determines the exception vector number. For all faults except
interrupts, the processor performs this calculation based on exception type. For
interrupts, the processor performs an interrupt-acknowledge (IACK) bus cycle to
obtain the vector number from the interrupt controller if CPUCR[IAE] is set. The
IACK cycle is mapped to special locations within the interrupt controller's address
space with the interrupt level encoded in the address. If CPUCR[IAE] is cleared, the
processor uses the vector number supplied by the interrupt controller at the time the
request was signaled for improved performance.

3. The processor saves the current context by creating an exception stack frame on the
system stack. The exception stack frame is created at a 0-modulo-4 address on top of
the system stack pointed to by the supervisor stack pointer (SSP). As shown in
Figure 11-2 , the processor uses a simplified fixed-length stack frame for all
exceptions. The exception type determines whether the program counter placed in the
exception stack frame defines the location of the faulting instruction (fault) or the
address of the next instruction to be executed (next).

4. The processor calculates the address of the first instruction of the exception handler.
By definition, the exception vector table is aligned on a 1 MB boundary. This
instruction address is generated by fetching an exception vector from the table
located at the address defined in the vector base register. The index into the
exception table is calculated as (4 x vector number). After the exception vector has
been fetched, the vector contents determine the address of the first instruction of the
desired handler. After the instruction fetch for the first opcode of the handler has
initiated, exception processing terminates and normal instruction processing
continues in the handler.

All ColdFire processors support a 1024-byte vector table aligned on any 1 MB address
boundary (see Table 11-14). For the V1 ColdFire core, the only practical locations for the
vector table are based at 0x(00)00_0000 in the flash or 0x(00)80_0000 in the internal
SRAM.

The table contains 256 exception vectors; the first 64 are defined for the core and the
remaining 192 are device-specific peripheral interrupt vectors. See the interrupt chapter
for details on the device-specific interrupt sources.
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For the V1 ColdFire core, the table is partially populated with the first 64 reserved for
internal processor exceptions, while vectors 64-102 are reserved for the peripheral I/O
requests and the seven software interrupts. Vectors 103255 are unused and reserved.

Table 11-14. Exception Vector Assignments

Vector Vector Stacked Program .
Number(s) Offset (Hex) Counter' Assignment
0 0x000 — Initial supervisor stack pointer
1 0x004 — Initial program counter
2 0x008 Fault Access error
3 0x00C Fault Address error
4 0x010 Fault lllegal instruction
5 0x014 Fault Divide by zero
6-7 0x018-0x01C — Reserved
8 0x020 Fault Privilege violation
9 0x024 Next Trace
10 0x028 Fault Unimplemented line-A opcode
11 0x02C Fault Unimplemented line-F opcode
12 0x030 Next Debug interrupt
13 0x034 — Reserved
14 0x038 Fault Format error
15-23 0x03C-0x05C — Reserved
24 0x060 Next Spurious interrupt
25-31 0x064—-0x07C — Reserved
32-47 0x080-0x0BC Next Trap # 0-15 instructions
48-60 0x0C0-0x0FO0 — Reserved
61 0x0F4 Fault Unsupported instruction
62-63 0xOF8—0x0FC — Reserved
64-102 0x100-0x198 Next Device-specific interrupts
103-255 0x19C—-0x3FC — Reserved

1. Fault refers to the PC of the instruction that caused the exception.

Next refers to the PC of the instruction that follows the instruction that caused the fault.

All ColdFire processors inhibit interrupt sampling during the first instruction of all
exception handlers. This allows any handler to disable interrupts effectively, if necessary,
by raising the interrupt mask level contained in the status register. In addition, the ISA_C
architecture includes an instruction (STLDSR) that stores the current interrupt mask level
and loads a value into the SR. This instruction is specifically intended for use as the first
instruction of an interrupt service routine that services multiple interrupt requests with
different interrupt levels. Finally, the V1 ColdFire core includes the CPUCR[IME] bit
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that forces the processor to automatically raise the mask level to 7 during the interrupt

exception, removing the need for any explicit instruction in the service routine to perform
this function. For more details, see ColdFire Family Programmer's Reference Manual.

11.3.2.1 Exception Stack Frame Definition

The following figures shows the exception stack frame. The first longword contains the
16-bit format/vector word (F/V) and the 16-bit status register, and the second longword
contains the 32-bit program counter address.

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
SSP —| Format FS[3:2]‘ Vector ‘FS[1 :0] Status Register
+ 0x4 Program Counter

Figure 11-2. Exception Stack Frame Form

The 16-bit format/vector word contains three unique fields:

* A 4-bit format field at the top of the system stack is always written with a value of 4,
5, 6, or 7 by the processor, indicating a two-longword frame format. See Table

11-15.
Table 11-15. Format Field
Encodings
Original SSP git.ls-:lT-?) of Exception, SSP @ 1st Instruction of Handler Format Field
00 Original SSP - 8 0100
01 Original SSP - 9 0101
10 Original SSP - 10 0110
11 Original SSP - 11 0111

 There is a 4-bit fault status field, FS[3:0], at the top of the system stack. This field is
defined for access and address errors only and written as zeros for all other
exceptions. See Table 11-16 .

Table 11-16. Fault Status

Encodings
FS[3:0] Definition
00xx Reserved
0100 Error on instruction fetch

Table continues on the next page...
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Table 11-16. Fault Status Encodings
(continued)
FS[3:0] Definition
0101 Reserved
011x Reserved
1000 Error on operand write
1001 Reserved
101x Reserved
1100 Error on operand read
1101 Reserved
111x Reserved

* The 8-bit vector number, vector[7:0], defines the exception type and is calculated by
the processor for all internal faults and represents the value supplied by the interrupt
controller in case of an interrupt . See Table 11-14 .

11.3.2.2 S08 and ColdFire Exception Processing Comparison

This section presents a brief summary comparing the exception processing differences
between the SO8 and V1 ColdFire processor families.

Table 11-17. Exception Processing Comparison

Attribute

S08

V1 ColdFire

Exception Vector Table

32, 2-byte entries, fixed location at upper
end of memory

103, 4-byte entries, located at lower end of
memory at reset, relocatable with the VBR

More on Vectors

2 for CPU + 30 for IRQs, reset at upper
address

64 for CPU + 39 for IRQs, reset at lowest
address

Exception Stack Frame

5-byte frame: CCR, A, X, PC

8-byte frame: F/V, SR, PC; General-
purpose registers (An, Dn) must be saved/
restored by the ISR

Interrupt Levels 1 =f(CCRl]) 7 = f(SR[I]) with automatic hardware
support for nesting
Non-Maskable IRQ Support No Yes, with level 7 interrupts
Core-enforced IRQ Sensitivity No Level 7 is edge sensitive, else level

sensitive

INTC Vectoring

Fixed priorities and vector assignments

Fixed priorities and vector assignments,
plus any 2 IRQs can be remapped as the
highest priority level 6 requests

Software IACK

No

Yes

Exit Instruction from ISR

RTI

RTE
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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 SO8'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 O 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 18 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.

11.3.3 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
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instruction prefetches followed by a change of instruction flow do not generate an
exception. When the processor attempts to execute an instruction with a faulted opword
and/or extension words, the access error is signaled and the instruction is aborted. For this
type of exception, the programming model has not been altered by the instruction
generating the access error.

If the access error occurs on an operand read, the processor immediately aborts the
current instruction's execution and initiates exception processing. In this situation, any
address register updates attributable to the auto-addressing modes, (for example, (An)+,-
(An)), have already been performed, so the programming model contains the updated An
value. In addition, if an access error occurs during a MOVEM instruction loading from
memory, any registers already updated before the fault occurs contain the operands from
memory.

The V1 ColdFire processor uses an imprecise reporting mechanism for access errors on
operand writes. Because the actual write cycle may be decoupled from the processor's
issuing of the operation, the signaling of an access error appears to be decoupled from the
instruction that generated the write. Accordingly, the PC contained in the exception stack
frame merely represents the location in the program when the access error was signaled.
All programming model updates associated with the write instruction are completed. The
NOP instruction can collect access errors for writes. This instruction delays its execution
until all previous operations, including all pending write operations, are complete. If any
previous write terminates with an access error, it is guaranteed to be reported on the NOP
instruction.

11.3.3.2 Address Error Exception

The default operation of the V1 ColdFire processor is the generation of an illegal address
reset event if an address error is detected. If CPUCR[ARD] equals 1, then the reset is
disabled and a processor exception is generated as detailed below.

Any attempted execution transferring control to an odd instruction address (if bit O of the
target address is set) results in an address error exception.

Any attempted use of a word-sized index register (Xn.w) or a scale factor of eight on an
indexed effective addressing mode generates an address error, as does an attempted
execution of a full-format indexed addressing mode, which is defined by bit 8 of
extension word 1 being set.

If an address error occurs on an RTS instruction, the Version 1 ColdFire processor
overwrites the faulting return PC with the address error stack frame.
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11.3.3.3 lllegal Instruction Exception

The default operation of the V1 ColdFire processor is the generation of an illegal opcode
reset event if an illegal instruction is detected. If CPUCR[IRD] is set, the reset is disabled
and a processor exception is generated as detailed below. There is one special case
involving the ILLEGAL opcode (0x4AFC); attempted execution of this instruction
always generates an illegal instruction exception, regardless of the state of the
CPUCRIIRD] bit.

The ColdFire variable-length instruction set architecture supports three instruction sizes:
16, 32, or 48 bits. The first instruction word is known as the operation word (or opword),
while the optional words are known as extension word 1 and extension word 2. The
opword is further subdivided into three sections: the upper four bits segment the entire
ISA into 16 instruction lines, the next 6 bits define the operation mode (opmode), and the
low-order 6 bits define the effective address. The opword line definition is shown below.

15 14 13 12 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
Line OpMode Effective Address

Mode ‘ Register

Figure 11-3. ColdFire Instruction Operation Word (Opword) Format
Table 11-18. ColdFire Opword Line Definition

Opword[Line] Instruction Class
0x0 Bit manipulation, Arithmetic and Logical Immediate
0x1 Move Byte
0x2 Move Long
0x3 Move Word
0x4 Miscellaneous
0x5 Add (ADDQ) and Subtract Quick (SUBQ), Set according to Condition Codes (Scc)
0x6 PC-relative change-of-flow instructions

Conditional (Bcc) and unconditional (BRA) branches, subroutine calls (BSR)

0x7 Move Quick (MOVEQ), Move with sign extension (MVS) and zero fill (MVZ)
0x8 Logical OR (OR)

0x9 Subtract (SUB), Subtract Extended (SUBX)

O0xA EMAC, Move 3-bit Quick (MOV3Q)

0xB Compare (CMP), Exclusive-OR (EOR)

0xC Logical AND (AND), Multiply Word (MUL)

0xD Add (ADD), Add Extended (ADDX)

OxE Arithmetic and logical shifts (ASL, ASR, LSL, LSR)

OxF Write DDATA (WDDATA), Write Debug (WDEBUG)
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In the original M68000 ISA definition, lines A and F were effectively reserved for user-
defined operations (line A) and co-processor instructions (line F). Accordingly, there are
two unique exception vectors associated with illegal opwords in these two lines.

Any attempted execution of an illegal 16-bit opcode (except for line-A and line-F
opcodes) generates an illegal instruction exception (vector 4). Additionally, any
attempted execution of any non-MAC line-A and most line-F opcodes generate their
unique exception types, vector numbers 10 and 11, respectively. ColdFire cores do not
provide illegal instruction detection on the extension words on any instruction, including
MOVEC.

The V1 ColdFire processor also detects two special cases involving illegal instruction
conditions:

1. If execution of the stop instruction is attempted and neither low-power stop nor wait
modes are enabled, the processor signals an illegal instruction.

2. If execution of the halt instruction is attempted and BDM is not enabled
(XCSR[ENBDM] equals 0), the processor signals an illegal instruction.

In both cases, the processor response is then dependent on the state of CPUCR[IRD]— a
reset event or a processor exception.

11.3.3.4 Divide-By-Zero

Attempting to divide by zero causes an exception (vector 5, offset equal 0x014).

11.3.3.5 Privilege Violation

The default operation of the V1 ColdFire processor is the generation of an illegal opcode
reset event if a privilege violation is detected. If CPUCR[IRD] is set, the reset is disabled
and a processor exception is generated as detailed below.

The attempted execution of a supervisor mode instruction while in user mode generates a
privilege violation exception. See ColdFire Programmer's Reference Manual for a list of
supervisor-mode instructions.

There is one special case involving the HALT instruction. Normally, this opcode is a
supervisor mode instruction, but if the debug module's CSR[UHE] is set, then this
instruction can be also be executed in user mode for debugging purposes.
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11.3.3.6 Trace Exception

To aid in program development, all ColdFire processors provide an instruction-by-
instruction tracing capability. While in trace mode, indicated by setting of the SR[T] bit,
the completion of an instruction execution (for all but the stop instruction) signals a trace
exception. This functionality allows a debugger to monitor program execution.

The stop instruction has the following effects:

1. The instruction before the stop executes and then generates a trace exception. In the
exception stack frame, the PC points to the stop opcode.

2. When the trace handler is exited, the stop instruction executes, loading the SR with
the immediate operand from the instruction.

3. The processor then generates a trace exception. The PC in the exception stack frame
points to the instruction after the stop, and the SR reflects the value loaded in the
previous step.

If the processor is not in trace mode and executes a stop instruction where the immediate
operand sets SR[T], hardware loads the SR and generates a trace exception. The PC in
the exception stack frame points to the instruction after the stop, and the SR reflects the
value loaded in step 2.

Because ColdFire processors do not support any hardware stacking of multiple
exceptions, it is the responsibility of the operating system to check for trace mode after
processing other exception types. As an example, consider a TRAP instruction execution
while in trace mode. The processor initiates the trap exception and then passes control to
the corresponding handler. If the system requires that a trace exception be processed, it is
the responsibility of the trap exception handler to check for this condition (SR[T] in the
exception stack frame set) and pass control to the trace handler before returning from the
original exception.

11.3.3.7 Unimplemented Line-A Opcode

The default operation of the V1 ColdFire processor is the generation of an illegal opcode
reset event if an unimplemented line-A opcode is detected. If CPUCR[IRD] is set, the
reset is disabled and a processor exception is generated as detailed below.

A line-A opcode is defined when bits 15-12 of the opword are 0b1010. This exception is
generated by the attempted execution of an undefined line-A opcode.
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11.3.3.8 Unimplemented Line-F Opcode

The default operation of the V1 ColdFire processor is the generation of an illegal opcode
reset event if an unimplemented line-F opcode is detected. If CPUCR[IRD] is set, the
reset is disabled and a processor exception is generated as detailed below.

A line-F opcode is defined when bits 15-12 of the opword are Ob1111. This exception is
generated when attempting to execute an undefined line-F opcode.

11.3.3.9 Debug Interrupt

See the debug chapter for a detailed explanation of this exception, which is generated in
response to a hardware breakpoint register trigger. The processor does not generate an
IACK cycle, but rather calculates the vector number internally (vector number 12).
Additionally, SR[M,I] are unaffected by the interrupt.

11.3.3.10 RTE and Format Error Exception

The default operation of the V1 ColdFire processor is the generation of an illegal address
reset event if an RTE format error is detected. If CPUCR[ARD] is set, the reset is
disabled and a processor exception is generated as detailed below.

When an RTE instruction is executed, the processor first examines the 4-bit format field
to validate the frame type. For a ColdFire core, any attempted RTE execution (where the
format is not equal to {4,5,6,7}) generates a format error. The exception stack frame for
the format error is created without disturbing the original RTE frame and the stacked PC
pointing to the RTE instruction.

The selection of the format value provides some limited debug support for porting code
from M68000 applications. On M68000 family processors, the SR was located at the top
of the stack. On those processors, bit 30 of the longword addressed by the system stack
pointer is typically zero. Thus, if an RTE is attempted using this old format, it generates a
format error on a ColdFire processor.

If the format field defines a valid type, the processor: (1) reloads the SR operand, (2)
fetches the second longword operand, (3) adjusts the stack pointer by adding the format
value to the auto-incremented address after the fetch of the first longword, and then (4)
transfers control to the instruction address defined by the second longword operand
within the stack frame.
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11.3.3.11 TRAP Instruction Exception

The TRAP #n instruction always forces an exception as part of its execution and is useful
for implementing system calls. The TRAP instruction may be used to change from user to
supervisor mode.

This set of 16 instructions provides a similar but expanded functionality compared to the
S08's SWI (software interrupt) instruction. Do not confuse these instructions and their
functionality with the software-scheduled interrupt requests, which are handled like
normal I/O interrupt requests by the interrupt controller. The processing of the software-
scheduled IRQs can be masked, based on the interrupt priority level defined by the SR[I]
field.

11.3.3.12 Unsupported Instruction Exception

If execution of a valid instruction is attempted but the required hardware is not present in
the processor (e.g., if the MAC is not present), an unsupported instruction exception is
generated. The instruction functionality can then be emulated in the exception handler, if
desired.

All ColdFire cores record the processor hardware configuration in the DO register
immediately after the negation of RESET. See Reset Exception," for details.

11.3.3.13 Interrupt Exception

Interrupt exception processing includes interrupt recognition and the fetch of the
appropriate vector from the interrupt controller using an IACK cycle or using the
previously-supplied vector number, under control of CPUCR[IAE]. See the interrupt
chapter for details on the interrupt controller.

11.3.3.14 Fault-on-Fault Halt

The default operation of the V1 ColdFire processor is the generation of an illegal address
reset event if a fault-on-fault halt condition is detected. If CPUCR[ARDY] is set, the reset
1s disabled and the processor is halted as detailed below.

If a ColdFire processor encounters any type of fault during the exception processing of
another fault, the processor immediately halts execution with the catastrophic fault-on-
fault condition. A reset is required to to exit this state.
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11.3.3.15 Reset Exception

Resetting the processor causes a reset exception. The reset exception has the highest
priority of any exception; it provides for system initialization and recovery from
catastrophic failure. Reset also aborts any processing in progress when the reset input is
recognized. Processing cannot be recovered.

The reset exception places the processor in the supervisor mode by setting the SR[S] bit
and disables tracing by clearing the SR[T] bit. This exception also clears the SR[M] bit
and sets the processor's SR[I] field to the highest level (level 7, O0b111). Next, the VBR is
initialized to zero (0x0000_0000). The control registers specifying the operation of any
memories (such as cache and/or RAM modules) connected directly to the processor are
disabled.

Note

Other implementation-specific registers are also affected. Refer
to each module in this reference manual for details on these
registers.

After the processor is granted the bus, it performs two longword read-bus cycles. The
first longword at address 0x(00)00_0000 is loaded into the supervisor stack pointer and
the second longword at address 0x(00)00_0004 is loaded into the program counter. After
the 1nitial instruction is fetched from memory, program execution begins at the address in
the PC. If an access error or address error occurs before the first instruction is executed,
the processor enters the fault-on-fault state.

ColdFire processors load hardware configuration information into the DO and D1
general-purpose registers after system reset. The hardware configuration information is
loaded immediately after the reset-in signal is negated. This allows an emulator to read
out the contents of these registers via the BDM to determine the hardware configuration.

Information loaded into DO defines the processor hardware configuration as shown in
Table 11-19.

Table 11-19. DO Hardware Configuration Information

BDM: Load: 0x60 (DO0) Access: User read-only
Store: 0x40 (DO0) BDM read-only
31 30 29 28 | 27 26 25 24 23 22 21 20 19 18 17 16
R PF VER REV
] I T 1 [ ]
Reset| 1 1 0 0 1 1 1 1 0 0 0 1 Device-specific

Table continues on the next page...
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Table 11-19. DO Hardware Configuration Information (continued)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 DIV El\élA 0 0 |CAU| O 0 ISA DEBUG
w | [ | | 1]
Reset| 0 1 1 0 0 1 0 0 0 0 1 0 1 0 0 1

Table 11-20. DO Hardware Configuration Information Field Descriptions

Field Description
31-24 Processor family. This field is fixed to a hex value of OxCF indicating a ColdFire core is present.
PF
23-20 ColdFire core version number. Defines the hardware microarchitecture version of ColdFire core.
VER 0001 V1 ColdFire core
19-16 Processor revision number
REV
15 Reserved
14 Divide present. This bit signals if the hardware divider (DIV) is present in the processor core.
DIV 0 Divide execute engine not present in core
1 Divide execute engine is present in core
13 EMAC present. This bit signals if the optional enhanced multiply-accumulate (EMAC) execution
EMAC engine is present in processor core.
0 EMAC execute engine not present in core
1 EMAC execute engine is present in core
12 Reserved
11 Reserved
10 Cryptographic acceleration unit present. This bit signals if the optional cryptographic acceleration
CAU unit (CAU) is present in the processor core.
0 CAU coprocessor engine not present in core
1 CAU coprocessor engine is present in core
9-8 Reserved
7-4 ISA revision. Defines the instruction-set architecture (ISA) revision level implemented in ColdFire
ISA processor core.
0010 ISA_C
3-0 Debug module revision number. Defines revision level of the debug module used in the ColdFire
DEBUG processor core.

1001 DEBUG_B+

Information loaded into D1 defines the local memory hardware configuration as shown in
the following tables.
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Table 11-21. D1 Hardware Configuration Information

BDM: Load: 0x61 (D1) Access: User read-only
Store: 0x41 (D1) BDM read-only
31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R FLASHSZ FLASHH FLEXNVMSZ FLEXNVMH EEESIZE
] T ] | T ]
Reset Device-specific
15 14 13 12 11 10 9 8 | 7 6 5 4 | 3 2 1 0
R DEPART Reserved RAMSZ RAMH
] I T T [ ] T
Reset Device-specific

Table 11-22. D1 Hardware Configuration Information Field Descriptions

Field Description
31-28 Program flash memory size
FLASHSZ 0111: 32 KB
1000: 64 KB
1001: 128 KB
Other: Reserved
27-26 Program flash memory hole
FLASHH Reserved
25-22 FlexNVM size
FLEXNVMSZ 0110: 16 KB
0111: 32 KB
Other: Reserved
21-20 FlexNVM hole
FLEXNVMH Reserved
19-16 Total available FlexRAM size as defined by the EEESIZE field of data flash IFR. Refer to the
EEESIZE detailed description of the flash memory module.
15-12 FlexNVM partitioning between data flash and EEPROM as defined by the DEPART field of data
DEPART flash IFR. Refer to the detailed description of the flash memory module.
11-6 Reserved
5-2 RAM size
RAMSZ 0101: 8 KB
0110: 16 KB
0111: 32 KB
Other: Reserved
1-0 RAM hole
RAMH Reserved
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11.3.4 Instruction Execution Timing

This section presents processor instruction execution times in terms of processor-core
clock cycles. The number of operand references for each instruction is enclosed in
parentheses following the number of processor clock cycles. Each timing entry is
presented as C(R/W) where:

» C is the number of processor clock cycles, including all applicable operand fetches
and writes, and all internal core cycles required to complete the instruction execution.

* R/W is the number of operand reads (R) and writes (W) required by the instruction.
An operation performing a read-modify-write function is denoted as (1/1).

This section includes the assumptions concerning the timing values and the execution
time details.

11.3.4.1 Timing Assumptions
For the timing data presented in this section, these assumptions apply:

1. The OEP is loaded with the opword and all required extension words at the
beginning of each instruction execution. This implies that the OEP does not wait for
the IFP to supply opwords and/or extension words.

2. The OEP does not experience any sequence-related pipeline stalls. The most
common example of stall involves consecutive store operations, excluding the
MOVEM instruction. For all STORE operations (except MOVEM), certain hardware
resources within the processor are marked as busy for two clock cycles after the final
decode and select/operand fetch cycle (DSOC) of the store instruction. If a
subsequent STORE instruction is encountered within this 2-cycle window, it is
stalled until the resource again becomes available. Thus, the maximum pipeline stall
involving consecutive STORE operations is two cycles. The MOVEM instruction
uses a different set of resources and this stall does not apply.

3. The OEP completes all memory accesses without any stall conditions caused by the
memory itself. Thus, the timing details provided in this section assume that an
infinite zero-wait state memory is attached to the processor core.

4. All operand data accesses are aligned on the same byte boundary as the operand size;
for example, 16-bit operands aligned on 0-modulo-2 addresses, 32-bit operands
aligned on 0-modulo-4 addresses.
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The processor core decomposes misaligned operand references into a series of
aligned accesses as shown in Table 11-23.

Table 11-23. Misaligned Operand References

address[1:0] Size Bus Operations Additional C(R/W)
01 or 11 Word Byte, Byte 2(1/0) if read
1(0/1) if write
01 or 11 Long Byte, Word, Byte 3(2/0) if read
2(0/2) if write
10 Long Word, Word 2(1/0) if read
1(0/1) if write

11.3.4.2 MOVE Instruction Execution Times

Table 11-25 lists execution times for MOVE.{B,W} instructions. Table 11-26 lists
execution times for MOVE.L.

For all tables in this section, the execution time of any instruction using the PC-relative
effective addressing modes is the same for the comparable An-relative mode. Refer to the
following table for elaboration.

Table 11-24. Effective addressing modes with equal execution time

PC-relative effective addressing mode An-relative effective addressing mode
ET with {<ea> = (d16,PC)} ET with {<ea> = (d16,An)}
ET with {<ea> = (d8,PC,Xi*SF)} ET with {<ea> = (d8,An,Xi*SF)}

The nomenclature xxx.wl refers to both forms of absolute addressing, xxx.w and xxx.1.

Table 11-25. MOVE Byte and Word Execution Times

Destination
Source

RX (Ax) (Ax)+ -(Ax) (d16,Ax) (d8,Ax,Xi*SF) xxx.wl
Dy 1(0/0) 1(0/1) 1(0/1) 1(0/1) 1(0/1) 2(0/1) 1(0/1)
Ay 1(0/0) 1(0/1) 1(0/1) 1(0/1) 1(0/1) 2(0/1) 1(0/1)
(Ay) 2 (1/0) 3(1/1) 3(1/1) 3(1/1) 3(1/1) 4 (111)) 3(1/1)
(Ay)+ 2 (1/0) 3(11) 3(11) 3(11) 3(11) 4 (1/1)) 3(11)
-(Ay) 2 (1/0) 3(11) 3(11) 3(11) 3(11) 4 (1)) 3(11)

(d16,Ay) 2 (1/0) 3(1/1) 3(1/1) 3(11) 3(11) — —

(d8,Ay,Xi*SF) 3 (1/0) 4 (1/1) 4 (1/1) 4 (1/1) — — —

XXX.W 2 (1/0) 3(1/1) 3(1/1) 3(1/1) — — —

Table continues on the next page...
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Table 11-25. MOVE Byte and Word Execution Times (continued)

Source Destination
RX (Ax) (Ax)+ -(Ax) (d16,Ax) (d8,Ax,Xi*SF) XXX.wl
XXX.| 2 (1/0) 3(1/1) 3 (1/1) 3 (1/1) — — —
(d16,PC) 2 (1/0) 3(11) 3(11) 3(11) 3(1/1) — —
(d8,PC,Xi*SF) 3 (1/0) 4 (111) 4 (111) 4 (1/1)) — — —
#XXX 1(0/0) 3 (0/1) 3 (0/1) 3 (0/1) 1(0/1) — —
Table 11-26. MOVE Long Execution Times
Destination
Source
Rx (Ax) (Ax)+ -(AXx) (d16,Ax) (d8,Ax,Xi*SF) xxx.wl
Dy 1(0/0) 1(0/1) 1(0/1) 1(0/1) 1(0/1) 2(0/1) 1(0/1)
Ay 1(0/0) 1(0/1) 1(0/1) 1(0/1) 1(0/1) 2(0/1) 1(0/1)
(Ay) 2 (1/0) 2(1/1) 2(1/1) 2(1/1) 2(1/1) 3(1/1) 2(1/1)
(Ay)+ 2 (1/0) 2(111) 2(111) 2(111) 2(111) 3 (1/1) 2(111)
-(Ay) 2 (1/0) 2(11) 2(11) 2(11) 2(11) 3(11) 2(11)
(d16,Ay) 2 (1/0) 2 (1/1) 2 (1/1) 2 (1/1) 2 (1/1) — —
(d8,Ay, Xi*SF) 3 (1/0) 3(1/1) 3 (1/1) 3 (1/1) — — —
XXX. W 2 (1/0) 2 (111) 2 (111) 2 (111) — — —
XXX.| 2 (1/0) 2 (1) 2 (111) 2 (111) — — —
(d16,PC) 2 (1/0) 2 (111) 2 (111) 2 (111) (1/1) — —
(d8,PC,Xi*SF) 3 (1/0) 3 (1/1) 3(1/1) 3(1/1) — — —
#HXXX 1(0/0) 2 (0/1) 2 (0/1) 2 (0/1) — — —
11.3.4.3 Standard One Operand Instruction Execution Times
Table 11-27. One Operand Instruction Execution Times
Effective Address
Opcode <EA>
Rn (An) (An)+ -(An) (d16,An) | (d8,An,Xn*SF) XXX.WIl #xXX
BITREV Dx 1(0/0) — — — — — —
BYTEREV | Dx 1(0/0) — — — — — —
CLR.B <ea> 1(0/0) (0/1) (0/1) (0/1) 1(0/1) (0/1) 1(0/1) —
CLR.W <ea> 1(0/0) (0/1) (0/1) (0/1) 1(0/1) (0/1) 1(0/1) —
CLR.L <ea> 1(0/0) (0/1) (0/1) (0/1) 1(0/1) (0/1) 1(0/1) —
EXT.W Dx 1(0/0) — — — — — — —
EXT.L Dx 1(0/0) — — — — — — —
EXTB.L Dx 1(0/0) — — — — — — —
FF1 Dx 1(0/0) — — — — — — —
Table continues on the next page...
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Table 11-27. One Operand Instruction Execution Times (continued)

Effective Address
Opcode <EA>
Rn (An) (An)+ -(An) (d16,An) | (d8,An,Xn*SF) XXX.WIl #xXX
NEG.L Dx 1(0/0) — — — — — — —
NEGX.L Dx 1(0/0) — — — — — — —
NOT.L Dx 1(0/0) — — — — — — —
SATS.L Dx 1(0/0) — — — — — — —
SCC Dx 1(0/0) — — — — — — —
SWAP Dx 1(0/0) — — — — — — —
TAS.B <ea> — 3(1/1) | 3(1/1) | 3(1/1) 3(11) 4 (1/1) 3(11) —
TST.B <ea> 1(0/0) 2 (1/0) 2 (1/0) 2 (1/0) 2 (1/0) 3 (1/0) 2 (1/0) 1(0/0)
TST.W <ea> 1(0/0) 2(1/0) | 2(1/0) | 2(1/0) 2 (1/0) 3 (1/0) 2 (1/0) 1(0/0)
TST.L <ea> 1(0/0) 2 (1/0) 2 (1/0) 2 (1/0) 2 (1/0) 3 (1/0) 2 (1/0) 1(0/0)
11.3.4.4 Standard Two Operand Instruction Execution Times
Table 11-28. Two Operand Instruction Execution Times
Effective Address
Opcode <EA> (d16,An) | (d8,An,Xn*SF)
Rn (An) (An)+ -(An) xxx.wl #xxX
(d16,PC) | (d8,PC,Xn*SF)
ADD.L | <ea>Rx | 1(0/0) 3 (1/0) 3 (1/0) 3 (1/0) 3 (1/0) 4 (1/0) 3 (1/0) 1(0/0)
ADD.L | Dy,<ea> — 3 (1/1) 3(11) 3(111) 3(1/1) 4 (111) 3(11) —
ADDI.L | #imm,Dx 1(0/0) — — — — — — —
ADDQ.L |#imm,<ea>| 1(0/0) 3 (1/1) 3(1/1) 3(11) 3(11) 4 (111) 3(11) —
ADDX.L | Dy,Dx 1(0/0) — — — — — — —
AND.L | <ea>Rx | 1(0/0) 3 (1/0) 3 (1/0) 3 (1/0) 3 (1/0) 4 (1/0) 3 (1/0) 1(0/0)
AND.L | Dy,<ea> — 3 (1/1) 3(1/1) 3(1/1) 3(11) 4 (111) 3(1/1) —
ANDILL | #mm,Dx | 1(0/0) — — — — — — —
ASLL | <ea>Dx | 1(0/0) — — — — — — 1(0/0)
ASR.L <ea>,Dx 1(0/0) — — — — — — 1(0/0)
BCHG | Dy<ea> | 2(0/0) | 4(1/1) 4 (111) 4 (111) 4 (111) 5 (1/1) 4 (111) —
BCHG |[#imm,<ea>| 2(0/0) 4 (1) 4 (1/1) 4 (1/1) 4 (1/1) — — —
BCLR | Dy,<ea> | 2(0/0) | 4(1/1) 4 (1/1) 4 (1/1) 4 (1/1) 5 (1/1) 4 (111) —
BCLR |#imm,<ea>| 2(0/0) | 4 (1/1) 4 (111) 4 (111) 4 (111) — — —
BSET | Dy<ea> | 2(0/0) | 4(1/1) 4 (111) 4 (111) 4 (111) 5 (1/1) 4 (111) —
BSET |#imm,<ea>| 2(0/0) | 4 (1/1) 4 (111) 4 (111) 4 (111) — — —
BTST Dy,<ea> 2(0/0) 3 (1/0) 3 (1/0) 3 (1/0) 3 (1/0) 4 (1/0) 3 (1/0) —
BTST |#imm,<ea>| 1(0/0) 3 (1/0) 3 (1/0) 3 (1/0) 3 (1/0) — — —
CMP.B | <ea>,Rx | 1(0/0) 3 (1/0) 3 (1/0) 3 (1/0) 3 (1/0) 4 (1/0) 3 (1/0) 1(0/0)

Table continues on the next page...
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Table 11-28. Two Operand Instruction Execution Times (continued)

Effective Address
Opcode <EA> (d16,An) | (d8,An,Xn*SF)
Rn (An) (An)+ -(An) xxx.wl #xxX
(d16,PC) | (d8,PC,Xn*SF)
CMP.W | <ea>,Rx 1(0/0) 3 (1/0) 3 (1/0) 3 (1/0) 3 (1/0) 4 (1/0) 3 (1/0) 1(0/0)
CMP.L | <ea>Rx 1(0/0) 3 (1/0) 3 (1/0) 3 (1/0) 3 (1/0) 4 (1/0) 3 (1/0) 1(0/0)
CMPI.B | #imm,Dx 1(0/0) — — — — — — —
CMPILW | #imm,Dx 1(0/0) — — — — — — —
CMPI.L | #imm,Dx 1(0/0) — — — — — — —
DIVSW | <ea>,Dx | 20(0/0) | 23(1/0) | 23(1/0) 23 (1/0) 23 (1/0) 24 (1/0) 23 (1/0) 20(0/0)
DIVUW | <ea>Dx | 20(0/0) | 23(1/0) | 23(1/0) 23 (1/0) 23 (1/0) 24 (1/0) 23 (1/0) 20(0/0)

DIVS.L | <ea>Dx | <35(0/0) | <38 (1/0) | <38 (1/0) | <38 (1/0) | <38 (1/0) — — —
DIVUL | <ea>Dx | <35(0/0) | <38(1/0) | <38 (1/0) | <38 (1/0) | <38 (1/0) — — —

EOR.L Dy,<ea> 1(0/0) 3(1/1) 3(1/1) 3(1/1) 3(1/1) 4 (111) 3(1/1) —
EORI.L | #imm,Dx 1(0/0) — — — — — — —
LEA <ea>,AX — 1(0/0) — — 1(0/0) 2(0/0) 1(0/0) —
LSL.L <ea>,Dx 1(0/0) — — — — — — 1(0/0)
LSR.L <ea>,Dx 1(0/0) — — — — — — 1(0/0)
MO\(EQ' #imm,Dx — — — — — — — 1(0/0)
OR.L <ea>,Rx 1(0/0) 3 (1/0) 3 (1/0) 3 (1/0) 3 (1/0) 4 (1/0) 3 (1/0) 1(0/0)
OR.L Dy,<ea> — 3(1/1) 3(1/1) 3(1/1) 3(1/1) 4 (1) 3(1/1) —

ORI.L #imm,Dx 1(0/0) — — — — — — —
REMS.L | <ea>,Dx | <35(0/0) | <38 (1/0) | <38 (1/0) | <38 (1/0) | <38 (1/0) — — —
REMU.L | <ea>Dx | <35(0/0) | <38 (1/0) | <38 (1/0) | <38 (1/0) | <38 (1/0) — — —

SUBL | <ea>Rx | 1(0/0) | 3(1/0) | 3(1/0) 3 (1/0) 3 (1/0) 4 (1/0) 3 (1/0) 1(0/0)
SUBL | Dy,<ea> — 3(11) | 3(11) 3 (1) 3 (1) 4 (11) 3 (1) —
SUBLL | #imm,Dx | 1(0/0) — — — — — — —
SUBQ.L |#imm,<ea>| 1(0/0) | 3(1/1) | 3(1/) 3(1/1) 3 (1/1) 4 (11) 3 (1) —

SUBX.L Dy,Dx 1(0/0) — — — — — — —

11.3.4.5 Miscellaneous Instruction Execution Times
Table 11-29. Miscellaneous Instruction Execution Times

Effective Address

Opcode <EA> -
p Rn (An) (An)+ _(An) (d16,An) (ds,An),Xn SF

LINKW | Ay#imm 2(0/1) — — — — — — —
MOV3Q.L |#imm,<ea>| 1(0/0) 1(0/1) 1(0/1) 1(0/1) 1(0/1) 2(0/1) 1(0/1) —
MOVE.L | Ay,USP 3(0/0) — — — — — — —

xxx.wl #xxx

Table continues on the next page...
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Table 11-29. Miscellaneous Instruction Execution Times (continued)

Effective Address
Opcode | <EA> Rn (An) (An)}+ | -(An) | (d16,An) (ds’A")’X“*SF woowl | #xxx
MOVE.L USP,Ax 3(0/0) — — — — — — —
MOVE.W | CCR,Dx 1(0/0) — — — — — — —
MOVE.W | <ea>,CCR| 1(0/0) — — — — — — 1(0/0)
MOVE.W SR,Dx 1(0/0) — — — — — — —
MOVE.W | <ea>,SR | 7 (0/0) — — — — — — 7 (0/0) 1
MOVEC Ry,Rc 9 (0/1) — — — — — — —
MOVEM.L <ea”>8f”d — | t+neo)2 | — — | 1+n(no) — — —
MOVEM.L Iisfzga> — 1+ n(0/n) — — 1+ n(0/n) — — —
MVS <ea>,Dx 1(0/0) 2 (1/0) 2 (1/0) 2 (1/0) 2 (1/0) 3 (1/0) 2 (1/0) 1(0/0)
MvZ <ea>,Dx 1(0/0) 2 (1/0) 2 (1/0) 2 (1/0) 2 (1/0) 3 (1/0) 2 (1/0) 1(0/0)
NOP 3 (0/0) — — — — — — —
PEA <ea> — 2 (0/1) — — 2(0/1)3 3(0/1) 4 2 (0/1) —
PULSE 1(0/0) — — — — — — —
STLDSR #imm — — — — — — — 5(0/1)
STOP #imm — — — — — — — 3(0/0) ®
TRAP #imm — — — — — — — 13 (1/2)
TPF 1(0/0) — — — — — — —
TPF.W 1(0/0) — — — — — — —
TPF.L 1(0/0) — — — — — — —
UNLK Ax 2 (1/0) — — — — — — —
WDDATA <ea> — 3 (1/0) 3 (1/0) 3 (1/0) 3 (1/0) 4 (1/0) 3 (1/0) —
WDEBUG <ea> — 5 (2/0) — — 5 (2/0) — — —
1. Ifa MOVE.W #imm,SR instruction is executed and imm[13] equals 1, the execution time is 1(0/0).
2. The nis the number of registers moved by the MOVEM opcode.
3. PEA execution times are the same for (d16,PC).
4. PEA execution times are the same for (d8,PC,Xn*SF).
5. The execution time for STOP is the time required until the processor begins sampling continuously for interrupts.
11.3.4.6 EMAC Instruction Execution Times
Table 11-30. EMAC Instruction Execution Times
Effective Address
Opcode <EA> (d8,An,
Rn (An) (An)+ -(An) (d16,An) xxX.wl #XXX
Xn*SF)
MAC.L Ry, Rx, Raccx 1(0/0) — — — — — — —
Table continues on the next page...
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Table 11-30. EMAC Instruction Execution Times (continued)

Effective Address

Opcode <EA> (d8,An,

Rn (An) (An)+ -(An) (d16,An) xxX.wl #XXX
Xn*SF)

MacL | TV R’;;fgj’ Rw, — 201/0) | 2¢1/0) | 2¢10) | 2¢i0)1 | — — _
MAC.W Ry, Rx, Raccx 1(0/0) — — — — — — —
MACw | R R’;;fgj’ Rw, — 201/0) | 2¢1/0) | 2¢10) | 20t | — — —
MOVE.L <ea>y, Raccx 1(0/0) — — — — — — 1(0/0)
MOVE.L Raccy,Raccx 1(0/0) — — — — — — —
MOVE.L <ea>y, MACSR 5 (0/0) — — — — — — 5 (0/0)
MOVE.L <ea>y, Rmask 4 (0/0) — — — — — — 4 (0/0)
MOVE.L <ea>y,Raccext01 1(0/0) — — — — — — 1(0/0)
MOVE.L | <ea>y,Raccext23 | 1(0/0) — — — — — — 1(0/0)
MOVE.L Raccx,<ea>x 1(0/0) 2 — — — — — — —
MOVE.L MACSR,<ea>x 1(0/0) — — — — — — —
MOVE.L Rmask, <ea>x 1(0/0) — — — — — — —
MOVE.L Raccext01,<ea.x 1(0/0) — — — — — — —
MOVE.L Raccext23,<ea>x 1(0/0) — — — — — — —

MOVECLRT accy . 100) | — — — — — — —
MSAC.L Ry, Rx, Raccx 1(0/0) — — — — — — —
MSAC.W Ry, Rx, Raccx 1(0/0) — — — — — — —
msac.L | TV R’l‘q':f;* Rw, — 2(1/0) | 2(1/0) | 2@1/0) | 2(1/0)" — — —
msac.w | 1Y RXF'*;;T’ Rw, — 201/0) | 2¢1/0) | 2¢10) | 2¢i0)1 | — — —
MULS.L <ea>y, Dx 3(0/0) | 5(1/0) | 5(1/0) | 5(1/0) | 5(1/0) — — —
MULS.W <ea>y, Dx 3 (0/0) 5 (1/0) 5 (1/0) 5 (1/0) 5 (1/0) 6 (1/0) 5 (1/0) 3 (0/0)
MULU.L <ea>y, Dx 30/0) | 501/0) | 51/0) | 501/0) | 5(1/0) — — —
MULU.W <ea>y, Dx 3(0/0) | 5(1/0) | 5(1/0) | 5(1/0) | 5(1/0) | 6(1/0) | 5(1/0) | 3(0/0)

1. Effective address of (d16,PC) not supported
2. Storing an accumulator requires one additional processor clock cycle when saturation is enabled, or fractional rounding is
performed (MACSR[7:4] equals 1---, -11-, --11)

Note

The execution times for moving the contents of the Racc,
Raccext[01,23], MACSR, or Rmask into a destination location
<ea>x shown in this table represent the best-case scenario when
the store instruction is executed and there are no load or
M{S}AC instructions in the EMAC execution pipeline. In
general, these store operations require only a single cycle for

MCF51QM128 Reference Manual, Rev. 4, 08/2012

246 Freescale Semiconductor, Inc.




4
Chapter 11 Core

execution, but if they are preceded immediately by a load,
MAC, or MSAC instruction, the depth of the EMAC pipeline is
exposed and the execution time is three cycles.

11.3.4.7 Branch Instruction Execution Times
Table 11-31. General Branch Instruction Execution Times

Effective Address
Opcode <EA> (d1e,An) (d8,An,Xi*SF)
Rn (An) (An)+ -(An) xxx.wl #xxx
(d46,PC) (d8,PC,Xi*SF)
BRA — — — — 2 (0/1) — — —
BSR — — — — 3 (0/1) — — —
JMP <ea> — 3 (0/0) — — 3 (0/0) 4 (0/0) 3 (0/0) —
JSR <ea> — 3 (0/1) — — 3 (0/1) 4 (0/1) 3 (0/1) —
7
RTE — — — — — — —
(2/0)
RTS — — 5 (1/0) — — — — —
Table 11-32. Bcc Instruction Execution Times
Forward Forward Backward Backward
Opcode
Taken Not Taken Taken Not Taken
Bcc 3 (0/0) 1(0/0) 2 (0/0) 3 (0/0)
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Chapter 12
Enhanced Multiply-Accumulate Unit (EMAC)

12.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

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 16x16 multiply array and a single 32-bit
accumulator. The EMAC features a three-stage pipeline optimized for 32-bit operands,
with a fully pipelined 32x32 multiply array and four 48-bit accumulators.
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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.

EMAC improvements target three primary areas:
* Improved performance of 32 x 32 multiply operation.

* Addition of three more accumulators to minimize MAC pipeline stalls caused by
exchanges between the accumulator and the pipeline's general-purpose registers

* A 48-bit accumulation data path to allow a 40-bit product, plus 8 extension bits

increase the dynamic number range when implementing signal processing algorithms

The three areas of functionality are addressed in detail in following sections. The logic
required to support this functionality is contained in a MAC module as shown below.

Operand Y Operand X

Shift 0,1,-1

| Accumulator(s)

Figure 12-1. Multiply-Accumulate Functionality Diagram

12.1.1.1 Introduction to the MAC

The MAC is an extension of the basic multiplier in most microprocessors. It is typically
implemented in hardware within an architecture and supports rapid execution of signal
processing algorithms in fewer cycles than comparable non-MAC architectures. For
example, small digital filters can tolerate some variance in an algorithm's execution time,
but larger, more complicated algorithms such as orthogonal transforms may have more
demanding speed requirements beyond scope of any processor architecture and may
require full DSP implementation.

To balance speed, size, and functionality, the ColdFire MAC is optimized for a small set
of operations that involve multiplication and cumulative additions. Specifically, the
multiplier array is optimized for single-cycle pipelined operations with a possible
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accumulation after product generation. This functionality is common in many signal
processing applications. The ColdFire core architecture is also modified to allow an
operand to be fetched in parallel with a multiply, increasing overall performance for
certain DSP operations.

Consider a typical filtering operation where the filter is defined as in the following
equation.

y()=3, allyli— 1)+ gblk)x(i )

Here, the output y(i) is determined by past output values and past input values. This is the
general form of an infinite impulse response (IIR) filter. A finite impulse response (FIR)
filter can be obtained by setting coefficients a(k) to zero. In either case, the operations
involved in computing such a filter are multiplies and product summing. To show this
point, reduce the preceding equation to a simple, four-tap FIR filter, shown in the
following equation, in which the accumulated sum is a past data values and coefficients
sum.

yi)=3,_bR)x i~ K)=b0)x () +bDx [~ D+ x(~2+b3)x (-3

12.2 Memory Map/Register Definition
The following table and sections explain the MAC registers.
Table 12-1. EMAC Memory Map

BDM Register Width (bits) Access Reset Value
Read: OxE4 MAC status register (MACSR) 32 R/W 0x0000_0000
Write: 0xC4
Read: OxE5 MAC address mask register (MASK) 32 R/W OxFFFF_FFFF
Write: 0xC5
Read: OxE6 MAC accumulator 0 (ACCO) 32 R/W Undefined
Write: 0xC6
Read: OxE7 MAC accumulator 0,1 extension bytes 32 R/W Undefined
Write: oxc7 | (ACCeX10T)

Read: OxE8 MAC accumulator 2,3 extension bytes 32 R/W Undefined
Write: oxcg | (ACCext23)

Read: OxE9 MAC accumulator 1 (ACCH1) 32 R/W Undefined
Write: 0xC9

Read: OXEA MAC accumulator 2 (ACC2) 32 R/W Undefined
Write: OXCA

Table continues on the next page...
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Table 12-1. EMAC Memory Map (continued)

BDM Register Width (bits) Access Reset Value
Read: OXEB MAC accumulator 2 (ACC3) 32 R/W Undefined
Write: OxCB

12.2.1 MAC Status Register (MACSR)

The MAC status register (MACSR) contains a 4-bit operational mode field and condition
flags. Operational mode bits control whether operands are signed or unsigned and
whether they are treated as integers or fractions. These bits also control the overflow/
saturation mode and the way in which rounding is performed. Negative, zero, and
multiple overflow condition flags are also provided.

Table 12-2. MAC Status Register (MACSR)

BDM: Read: OxE4 (MACSR) Access: Supervisor read/

Write: 0xC4 write
BDM read/write

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PAVn OMC| S/U | F/I | RT N 4 \ EV

Reset| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 12-3. MACSR Field Descriptions

Field Description
31-12 Reserved, must be cleared.
11-8 Product/accumulation overflow flags. Contains four flags, one per accumulator, that indicate if past MAC or

MSAC instructions generated an overflow during product calculation or the 48-bit accumulation. When a
MAC or MSAC instruction is executed, the PAVn flag associated with the destination accumulator forms the
general overflow flag, MACSR([V]. Once set, each flag remains set until V is cleared by a move.l, MACSR
instruction or the accumulator is loaded directly.

PAVn

Bit 11: Accumulator 3. . .

Bit 8: Accumulator 0

Table continues on the next page...
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Table 12-3. MACSR Field Descriptions (continued)

Field Description

7 Overflow saturation mode. Enables or disables saturation mode on overflow. If set, the accumulator is set
oMC to the appropriate constant (see S/U field description) on any operation that overflows the accumulator.
After saturation, the accumulator remains unaffected by any other MAC or MSAC instructions until the
overflow bit is cleared or the accumulator is directly loaded.

6 Signed/unsigned operations.
S/U In integer mode:

S/U determines whether operations performed are signed or unsigned. It also determines the accumulator
value during saturation, if enabled.

0 |Signed numbers. On overflow, if OMC is enabled, an accumulator saturates to the most positive
(0x7FFF_FFFF) or the most negative (0x8000_0000) number, depending on the instruction and the
product value that overflowed.

1 | Unsigned numbers. On overflow, if OMC is enabled, an accumulator saturates to the smallest value
(0x0000_0000) or the largest value (OxFFFF_FFFF), depending on the instruction.

In fractional mode:

S/U controls rounding while storing an accumulator to a general-purpose register.

0 |Move accumulator without rounding to a 16-bit value. Accumulator is moved to a general-purpose
register as a 32-bit value.

1 |The accumulator is rounded to a 16-bit value using the round-to-nearest (even) method when moved
to a general-purpose register. The resulting 16-bit value is stored in the lower word of the destination
register. The upper word is zero-filled. This rounding procedure does not affect the accumulator value.

5 Fractional/integer mode. Determines whether input operands are treated as fractions or integers.

F/ 0 |Integers can be represented in signed or unsigned notation, depending on the value of S/U.

1 |Fractions are represented in signed, fixed-point, two’s complement notation. Values range from —1 to 1
— 2715 for 16-bit fractions and —1 to 1 — 273 for 32-bit fractions.

4 Round/truncate mode. Controls rounding procedure for move.l ACCx,Rx, or MSAC.L instructions when in
fractional mode.

R/T

0 |Truncate. The product’s Isbs are dropped before it is combined with the accumulator. Additionally,
when a store accumulator instruction is executed (move.l ACCx,Rx), the 8 Isbs of the 48-bit
accumulator logic are truncated.

1 |Round-to-nearest (even). The 64-bit product of two 32-bit, fractional operands is rounded to the
nearest 40-bit value. If the low-order 24 bits equal 0x80_0000, the upper 40 bits are rounded to the
nearest even (Isb = 0) value. Additionally, when a store accumulator instruction is executed (move.l
ACCx,Rx), the Isbs of the 48-bit accumulator logic round the resulting 16- or 32-bit value. If MACSR[S/
U] is cleared and MACSR[R/T] is set, the low-order 8 bits are used to round the resulting 32-bit
fraction. If MACSR[S/U] is set, the low-order 24 bits are used to round the resulting 16-bit fraction.

3 Negative. Set if the msb of the result is set, otherwise cleared. N is affected only by MAC, MSAC, and load
N operations; it is not affected by MULS and MULU instructions.

2 Zero. Set if the result equals zero, otherwise cleared. This bit is affected only by MAC, MSAC, and load

7 operations; it is not affected by MULS and MULU instructions.

1 Overflow. Set if an arithmetic overflow occurs on a MAC or MSAC instruction, indicating that the result

Vv cannot be represented in the limited width of the EMAC. V is set only if a product overflow occurs or the

accumulation overflows the 48-bit structure. V is evaluated on each MAC or MSAC operation and uses the
appropriate PAVn flag in the next-state V evaluation.

Table continues on the next page...
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Table 12-3. MACSR Field Descriptions (continued)

Field Description

0 Extension overflow. Signals that the last MAC or MSAC instruction overflowed the 32 Isbs in integer mode
EV or the 40 Isbs in fractional mode of the destination accumulator. However, the result remains accurately
represented in the combined 48-bit accumulator structure. Although an overflow has occurred, the correct
result, sign, and magnitude are contained in the 48-bit accumulator. Subsequent MAC or MSAC operations
may return the accumulator to a valid 32/40-bit result.

This table summarizes the interaction of the MACSR[S/U,F/I,LR/T] control bits.

Table 12-4. Summary of S/U, F/l, and R/T Control Bits

S/U F/l R/T Operational Modes
0 0 X Signed, integer

0 1 0 Signed, fractional

Truncate on MAC.L and
MSAC.L

No round on accumulator
stores

0 1 1 Signed, fractional

Round on MAC.L and
MSAC.L

Round-to-32-bits on
accumulator stores

1 0 X Unsigned, integer

1 1 0 Signed, fractional
Truncate on MAC.L and
MSAC.L

Round-to-16-bits on
accumulator stores

1 1 1 Signed, fractional

Round on MAC.L and
MSAC.L

Round-to-16-bits on
accumulator stores

12.2.2 Mask Register (MASK)

The 32-bit MASK implements the low-order 16 bits to minimize the alignment
complications involved with loading and storing only 16 bits. When the MASK is loaded,
the low-order 16 bits of the source operand are actually loaded into the register. When it
1s stored, the upper 16 bits are all forced to ones. This register performs a simple AND
with the operand address for MAC instructions. The processor calculates the normal
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operand address and, if enabled, that address is then ANDed with {OxFFFF,
MASK][15:0]} to form the final address. Therefore, with certain MASK bits cleared, the
operand address can be constrained to a certain memory region. This is used primarily to
implement circular queues with the (An)+ addressing mode.

This minimizes the addressing support required for filtering, convolution, or any routine
that implements a data array as a circular queue. For MAC + MOVE operations, the
MASK contents can optionally be included in all memory effective address calculations.
The syntax is as follows:

mac.sz Ry,RxSF,<ea>y&,Rw

The & operator enables the MASK use and causes bit 5 of the extension word to be set.
The exact algorithm for the use of MASK is:

if extension word, bit [5] = 1, the MASK bit, then
if <ea> = (An)

ca = BAn & {0xFFFF, MASK}

if <ea> = (An)+

oa = An

An = (An + 4) & {O0xFFFF, MASK}

if <ea> =-(An)

oa = (An - 4) & {OxFFFF, MASK}

An = (An - 4) & {O0xFFFF, MASK}

if <ea> = (d16,An)

oa = (An + se_dl6) & {0xFFFF0Ox, MASK}

Here, oa is the calculated operand address and se_d16 is a sign-extended 16-bit
displacement. For auto-addressing modes of post-increment and pre-decrement, the
updated An value calculation is also shown.

Use of the post-increment addressing mode, {(An)+} with the MASK is suggested for
circular queue implementations.

Table 12-5. Mask Register (MASK)

BDM: 0x5 (MASK) Access: User read/write
BDM read/write

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

R| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

w
Reset| 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
MASK
w

Reset| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Table 12-6. MASK Field Descriptions

Field Description
31-12 Reserved; must be set.
15-0

Performs a simple AND with the operand address for MAC instructions.
MASK

12.2.3 Accumulator Registers (ACCO0-3)

Each accumulator register stores 32 bits of the MAC operation result. The entire 48-bit
accumulator result consists of the accumulator register concatenated with the
corresponding fields of the accumulator extension registers.

Table 12-7. Accumulator Registers (ACCO0-3)

BDM: Read: 0xE6 (ACCO) Access: User read/write
Write: 0xC6 BDM read/write
Read: OXE9 (ACC1)
Write: 0xC9
Read: OXEA (ACC2)
Write: OxCA
Read: OXEB (ACC3)
Write: 0xCB
31 30 29 28 |27 26 25 24|23 22 21 20|19 18 17 16
R
W Accumulator
Reset————|————|————|————
15 14 18 12|11 10 9 8|7 6 5 4|3 2 1 0
R
W Accumulator
Reset————|————|————|————
Table 12-8. ACCO-3 Field Descriptions
Field Description
31-0 Store 32-bits of the result of the MAC operation.
Accumulator
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12.2.4 Accumulator Extension Registers (ACCext01, ACCext23)
Each pair of 8-bit accumulator extension fields are concatenated with the corresponding
32-bit accumulator register to form the 48-bit accumulator. For more information, see the
functional description.

Table 12-9. Accumulator Extension Register (ACCext01)

BDM: Read: OxE7 (ACCext01) Access: User read/write
Write: 0xC7 BDM read/write
31 30 29 28 | 27 26 25 24 23 22 21 20 | 19 18 17 16
R
ACCOU ACCOL
w
Reset| - - - - | - - - - - - - - | - - - -
15 14 13 12 | 11 10 9 8 7 6 5 4 | 3 2 1 0
R
ACC1U ACC1L
w
Reset| - - - - | - - - - - - - - | - - - -

Table 12-10. ACCext01 Field Descriptions

Field Description
31-24 | Accumulator O upper extension byte

ACCOU
23—-16 |Accumulator O lower extension byte

ACCOL
15-8 Accumulator 1 upper extension byte

ACC1U
7-0 Accumulator 1 lower extension byte

ACC1L

Table 12-11. Accumulator Extension Register (ACCext23)

Read: OXE8 (ACCext01) Access: User read/write
Write: OxC8 BDM read/write

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

BDM:

Reset| - - - - | -

Table continues on the next page...
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Table 12-11. Accumulator Extension Register (ACCext23) (continued)

15 14 13 12 | 11 10 9 8 7 6 5 4 | 3 2 1 0
R
ACC3U ACC3L
w
Reset| - - - - | - - - - - - - - | - - - -

Table 12-12. ACCext23 Field Descriptions

Field Description

31-24 | Accumulator 2 upper extension byte
ACC2U
23-16 |Accumulator 2 lower extension byte
ACC2L

15-8 Accumulator 3 upper extension byte
ACC3U

7-0 Accumulator 3 lower extension byte
ACC3L

12.3 Functional Description

The MAC speeds execution of ColdFire integer-multiply instructions (MULS and
MULU) and provides additional functionality for multiply-accumulate operations. By
executing MULS and MULU in the MAC, execution times are minimized and
deterministic compared to the 2-bit/cycle algorithm with early termination that the OEP
normally uses if no MAC hardware is present.

The added MAC instructions to the ColdFire ISA provide for the multiplication of two
numbers, followed by the addition or subtraction of the product to or from the value in an
accumulator. Optionally, the product may be shifted left or right by 1 bit before addition
or subtraction. Hardware support for saturation arithmetic can be enabled to minimize
software overhead when dealing with potential overflow conditions. Multiply-accumulate
operations support 16- or 32-bit input operands in these formats:

* Signed integers
* Unsigned integers

* Signed, fixed-point, fractional numbers
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The EMAC is optimized for single-cycle, pipelined 32 x 32 multiplications. For word-
and longword-sized integer input operands, the low-order 40 bits of the product are
formed and used with the destination accumulator. For fractional operands, the entire 64-
bit product is calculated and truncated or rounded to the most-significant 40-bit result
using the round-to-nearest (even) method before it is combined with the destination
accumulator.

For all operations, the resulting 40-bit product is extended to a 48-bit value (using sign-
extension for signed integer and fractional operands, zero-fill for unsigned integer
operands) before being combined with the 48-bit destination accumulator.

The following two figures show relative alignment of input operands, the full 64-bit
product, the resulting 40-bit product used for accumulation, and 48-bit accumulator
formats.

OperandY 32

X OperandX 32

Product 0 23 0
Extended Product 8 40
+
Accumulator 8 40 8
Extension Byte Upper [7:0] Accumulator [31:0] Extension Byte Lower [7:0]

Figure 12-2. Fractional Alignment

OperandY 32
X OperandX 32
Product 24 8 32
Extended Product 8 8 32
+
Accumulator 8 8 32
Extension Byte Upper [7:0] Accumulator [31:0]

Extension Byte Lower [7:0]

Figure 12-3. Signed and Unsigned Integer Alignment
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Therefore, the 48-bit accumulator definition is a function of the EMAC operating mode.
Given that each 48-bit accumulator is the concatenation of 16-bit accumulator extension
register (ACCextn) contents and 32-bit ACCn contents, the specific definitions are:

if MACSR[6:5] == 00 /* signed integer mode */

Complete Accumulator[47:0] = {ACCextn[15:0], ACCn[31:0]}
if MACSR[6:5] == 01 or 11 /* signed fractional mode */

Complete Accumulator [47:0] = {ACCextn[15:8], ACCn[31:0], ACCextn[7:0]}
if MACSR[6:5] == 10 /* unsigned integer mode */

Complete Accumulator[47:0] = {ACCextn[15:0], ACCn[31:0]}

The four accumulators are represented as an array, ACCn, where n selects the register.

Although the multiplier array is implemented in a three-stage pipeline, all arithmetic
MAC instructions have an effective issue rate of 1 cycle, regardless of input operand size
or type.

All arithmetic operations use register-based input operands, and summed values are
stored in an accumulator. Therefore, an additional MOVE instruction is needed to store
data in a general-purpose register. One new feature in EMAC instructions is the ability to
choose the upper or lower word of a register as a 16-bit input operand. This is useful in
filtering operations if one data register is loaded with the input data and another is loaded
with the coefficient. Two 16-bit multiply accumulates can be performed without fetching
additional operands between instructions by alternating word choice during calculations.

The EMAC has four accumulator registers versus the MAC's single accumulator. The
additional registers improve the performance of some algorithms by minimizing pipeline
stalls needed to store an accumulator value back to general-purpose registers. Many
algorithms require multiple calculations on a given data set. By applying different
accumulators to these calculations, it is often possible to store one accumulator without
any stalls while performing operations involving a different destination accumulator.

The need to move large amounts of data presents an obstacle to obtaining high
throughput rates in DSP engines. Existing ColdFire instructions can accommodate these
requirements. A MOVEM instruction can efficiently move large data blocks. The ability
to load an operand simultaneously from memory into a register and execute a MAC
instruction makes some DSP operations such as filtering and convolution more
manageable.

The programming model includes a mask register (MASK), which can optionally be used
to generate an operand address during MAC + MOVE instructions. The register
application with auto-increment addressing mode supports efficient implementation of
circular data queues for memory operands.
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12.3.1 Fractional Operation Mode

This section describes behavior when the fractional mode is used (MACSR[F/I] is set).

12.3.1.1 Rounding

When the processor is in fractional mode, there are two operations during which rounding
can occur:

1. Execution of a store accumulator instruction (move.l ACCx,Rx). The Isbs of the 48-
bit accumulator logic are used to round the resulting 16- or 32-bit value. If
MACSR([S/U] is cleared, the low-order 8 bits round the resulting 32-bit fraction. If
MACSR[S/U] is set, the low-order 24 bits are used to round the resulting 16-bit
fraction.

2. Execution of a MAC (or MSAC) instruction with 32-bit operands. If MACSR[R/T]
1s zero, multiplying two 32-bit numbers creates a 64-bit product truncated to the
upper 40 bits; otherwise, it is rounded using round-to-nearest (even) method.

To understand the round-to-nearest-even method, consider the following example
involving the rounding of a 32-bit number, RO, to a 16-bit number. Using this method,
the 32-bit number is rounded to the closest 16-bit number possible. Let the high-order 16
bits of RO be named R0O.U and the low-order 16 bits be RO.L.

e If RO.L is less than 0x8000, the result is truncated to the value of RO.U.
 If RO.L is greater than 0x8000, the upper word is incremented (rounded up).

* If RO.L 1s 0x8000, RO is half-way between two 16-bit numbers. In this case, rounding
is based on the Isb of R0.U, so the result is always even (Isb = 0).

e If the Isb of RO.U equals 1 and RO.L equals 0x8000, the number is rounded up.

e If the Isb of R0.U equals 0 and RO.L equals 0x8000, the number is rounded
down.

This method minimizes rounding bias and creates as statistically correct an answer as
possible.

The rounding algorithm is summarized in the following pseudocode:

if RO.L < 0x8000
then Result = R0.U
else 1if RO.L > 0x8000
then Result = RO.U + 1
else if 1sb of R0O.U = 0 /* RO.L = 0x8000 */
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then Result = R0.U
else Result = R0O.U + 1

The round-to-nearest-even technique is also known as convergent rounding.

12.3.1.2 Saving and Restoring the EMAC Programming Model

The presence of rounding logic in the EMAC output datapath requires special care during
the EMAC's save/restore process. In particular, any result rounding modes must be
disabled during the save/restore process so the exact bit-wise contents of the EMAC
registers are accessed. Consider the memory structure containing the EMAC
programming model:

struct macState {

int accoO;

int accl;

int acc2;

int ace3;

int accext01l;
int accext02;
int mask;

int macsr;

} macState;

The following assembly language routine shows the proper sequence for a correct EMAC
state save. This code assumes all Dn and An registers are available for use, and the
memory location of the state save is defined by A7.

EMAC state_ save:

move.l macsr,d’7 ; save the macsr

clr.1l do ; zero the register to ...
move.l dO,macsr ; disable rounding in the macsr
move.l accO0,do0 ; save the accumulators

move.l accl,dl

move.l acc2,d2

move.l acc3,d3

move.l accext0l,d4 ; save the accumulator extensions
move.l accext23,d5

move.l mask,dé6 ; save the address mask

movem.l #0x00ff, (a7) ; move the state to memory

This code performs the EMAC state restore:

EMAC state restore:

movem.l (a7),#0x00ff ; restore the state from memory
move.l d5,acc ; restore the accumulator
move.l dO0,accO ; restore the accumulators
move.l dl,accl

move.l d2,acc2

move.l d3,acc3
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move.l d4,accext0l ; restore the accumulator extensions
move.l d5,accext23

move.l d6,mask ; restore the address mask

move.l d7,macsr ; restore the macsr

Executing this sequence type can correctly save and restore the exact state of the EMAC
programming model.

12.3.1.3 MULS/MULU

MULS and MULU are unaffected by fractional-mode operation; operands remain
assumed to be integers.

12.3.1.4 Scale Factor in MAC or MSAC Instructions

The scale factor is ignored while the MAC is in fractional mode.

12.3.2 EMAC Instruction Set Summary

The following table summarizes EMAC unit instructions.

Table 12-13. EMAC Instruction Summary

Command Mnemonic Description
Multiply Accumulate mac Ry,RxSF,ACCx Multiplies two operands and adds/subtracts the
msac Ry,RxSF,ACCx product to/from an accumulator
Multiply Accumulate with Load | mac Ry,Rx,<ea>y,Rw,ACCx Multiplies two operands and combines the
msac Ry,Rx,<easy,Rw,ACCx proFiuct to. an accumulator while loading a

register with the memory operand

Load Accumulator move.| {Ry,#imm},ACCx Loads an accumulator with a 32-bit operand

Store Accumulator move.l ACCx,Rx Writes the contents of an accumulator to a CPU
register

Copy Accumulator move.l ACCy,ACCx Copies a 48-bit accumulator

Load MACSR move.| {Ry,#imm},MACSR Writes a value to MACSR

Store MACSR move.l MACSR,Rx Write the contents of MACSR to a CPU register

Store MACSR to CCR move.l MACSR,CCR Write the contents of MACSR to the CCR

Load MAC Mask Reg move.| {Ry,#imm},MASK Writes a value to the MASK register

Store MAC Mask Reg move.l MASK,Rx Writes the contents of the MASK to a CPU
register

Load Accumulator Extensions | move.l {Ry,#imm},ACCext01 Loads the accumulator 0,1 extension bytes with a

01 32-bit operand

Load Accumulator Extensions | move.l {Ry,#imm},ACCext23 Loads the accumulator 2,3 extension bytes with a

23 32-bit operand

Table continues on the next page...
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Table 12-13. EMAC Instruction Summary (continued)

Command Mnemonic Description

Store Accumulator Extensions | move.l ACCext01,Rx Writes the contents of accumulator 0,1 extension

01 bytes into a CPU register

Store Accumulator Extensions | move.l ACCext23,Rx Writes the contents of accumulator 2,3 extension

23 bytes into a CPU register

Move and Clear Accumulator |moveclr.l ACCy,Rx Writes the contents of an accumulator to a
destination and then clears the accumulator

12.3.3 EMAC Instruction Execution Times

The instruction execution times for the EMAC can be found in the "EMAC instruction
execution times" section of the core chapter.

The EMAC execution pipeline overlaps the AGEX stage of the OEP (the first stage of the
EMAC pipeline is the last stage of the basic OEP). EMAC units are designed for
sustained, fully-pipelined operation on accumulator load, copy, and multiply-accumulate
instructions. However, instructions that store contents of the multiply-accumulate
programming model can generate OEP stalls that expose the EMAC execution pipeline
depth:

mac.w Ry, Rx, AccO
move.l AccO0, Rz

The MOVE.L instruction that stores the accumulator to an integer register (Rz) stalls
until the program-visible copy of the accumulator is available. The following figure

shows EMAC timing.
Two-cycle
regBusy stall

DSOC | mac move | move

AGEX mac move

|_move_|
EMAC EX1 mac

EMAC EX2 mac
EMAC EX3 mac
Accumulator 0 old >< new

Figure 12-4. EMAC-Specific OEP Sequence Stall
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The OEP stalls the store-accumulator instruction for two cycles: the EMAC pipeline
depth minus 1. The minus 1 factor is needed because the OEP and EMAC pipelines
overlap by a cycle, the AGEX stage. As the store-accumulator instruction reaches the
AGEX stage where the operation is performed, the recently updated accumulator 0 value
is available.

As with change or use stalls between accumulators and general-purpose registers,
introducing intervening instructions that do not reference the busy register can reduce or
eliminate sequence-related store-MAC instruction stalls. A major benefit of the EMAC is
the addition of three accumulators to minimize stalls caused by exchanges between the
accumulator(s) and general-purpose registers.

12.3.4 Data Representation

MACSRI[S/U,F/N] selects one of the following three modes, where each mode defines a
unique operand type:

1. Two's complement signed integer: In this format, an N-bit operand value lies in the
range -2(N-1 < operand < 2(N-D - 1. The binary point is right of the 1sb.

2. Unsigned integer: In this format, an N-bit operand value lies in the range 0 < operand
< 2N _ 1. The binary point is right of the Isb.

3. Two's complement signed fractional: In an N-bit number, the first bit is the sign bit.
The remaining bits signify the first N-1 bits after the binary point. Given an N-bit
number, an.1an-2aN-3-.- A2ad1ay, its value is given by the equation in the following
equation.

value= —(Lay_j)+ 21%15224”1’1\0.211

This format can represent numbers in the range -1 < operand < 1 - 2-N-D,

For words and longwords, the largest negative number that can be represented is -1,
whose internal representation is 0x8000 and 0x8000_0000, respectively. The largest
positive word is 0x7FFF or (1 - 2-15); the most positive longword is 0x7FFF_FFFF or (1 -
2-31). . Thus, the number range for these signed fractional numbers is [-1.0, ..., 1.0].

12.3.5 MAC Opcodes

MAC opcodes are described in the ColdFire Programmer's Reference Manual.

Remember the following:
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e Unless otherwise noted, the value of MACSR[N,Z] is based on the result of the final
operation that involves the product and the accumulator.

* The overflow (V) flag is managed differently. It is set if the complete product cannot
be represented as a 40-bit value (this applies to 32 x 32 integer operations only) or if
the combination of the product with an accumulator cannot be represented in the
given number of bits. The EMAC design includes an additional product/
accumulation overflow bit for each accumulator that are treated as sticky indicators
and are used to calculate the V bit on each MAC or MSAC instruction. See MAC
Status Register (MACSR).

» For the MAC design, the assembler syntax of the MAC (multiply and add to
accumulator) and MSAC (multiply and subtract from accumulator) instructions does
not include a reference to the single accumulator. For the EMAC, assemblers support
this syntax and no explicit reference to an accumulator is interpreted as a reference to
ACCO. Assemblers also support syntaxes where the destination accumulator is
explicitly defined.

» The optional 1-bit shift of the product is specified using the notation {<< | >>} SF,
where <<1 indicates a left shift and >>1 indicates a right shift. The shift is performed
before the product is added to or subtracted from the accumulator. Without this
operator, the product is not shifted. If the EMAC is in fractional mode (MACSRI[F/I]
is set), SF is ignored and no shift is performed. Because a product can overflow, the
following guidelines are implemented:

 For unsigned word and longword operations, a zero is shifted into the product on
right shifts.

* For signed, word operations, the sign bit is shifted into the product on right shifts
unless the product is zero. For signed, longword operations, the sign bit is shifted
into the product unless an overflow occurs or the product is zero, in which case a
zero is shifted in.

* For all left shifts, a zero is inserted into the Isb position.

The following pseudocode explains basic MAC or MSAC instruction functionality. This
example is presented as a case statement covering the three basic operating modes with
signed integers, unsigned integers, and signed fractionals. Throughout this example, a
comma-separated list in curly brackets, {}, indicates a concatenation operation.

switch (MACSR[6:5]) /* MACSR[S/U, F/I] */
case 0: /* signed integers */
if (MACSR.OMC == 0 || MACSR.PAVn == 0)
then {

MACSR.PAVNn = 0
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/* select the input operands */
if (sz == word)
then {if (U/Ly == 1)
then operandY[31:0] = {sign-extended RyI[31], RyI[31:16]}
else operandY[31:0] = {sign-extended Ry[15], Ry[15:0]}
if (U/Lx == 1)
then operandxX[31:0] = {sign-extended Rx[31], Rx[31:16]}
else operandX[31:0] = {sign-extended Rx[15], Rx[15:0]}
}
else {operandY[31:0] = RyI[31:0]
operandX[31:0] = Rx[31:0]

/* perform the multiply */
product [63:0] = operandY[31:0] * operandX[31:0]
/* check for product overflow */
if ((product[63:39] != 0x0000_00_0) && (product[63:39] != Oxffff ff 1))
then { /* product overflow */
MACSR.PAVn = 1
MACSR.V = 1
if (inst == MSAC && MACSR.OMC == 1)
then if (product[63] == 1)
then result[47:0] = 0x0000_7fff ffff
else result[47:0] = Oxffff 8000 0000
else if (MACSR.OMC == 1)
then /* overflowed MAC,
saturationMode enabled */
if (product[63] == 1)
then result[47:0] = Oxffff 8000 0000
else result[47:0] 0x0000_7fff ffff

/* sign-extend to 48 bits before performing any scaling */

product [47:40] = {8{product[39]}} /* sign-extend */
/* scale product before combining with accumulator */
switch (SF) /* 2-bit scale factor */
case 0: /* no scaling specified */
break;
case 1: /* SF = "<< 1" */
product [40:0] = {product[39:0], 0}
break;
case 2: /* reserved encoding */
break;
case 3: /* SF = ">> 1" */
product [39:0] = {product[39], product[39:1]}
break;

if (MACSR.PAVn == 0)
then {if (inst == MSACQ)
then result[47:0] ACCx[47:0] - product[47:0]
else result[47:0] = ACCx[47:0] + product[47:0]

/* check for accumulation overflow */
if (accumulationOverflow == 1)
then {MACSR.PAVn = 1
MACSR.V = 1
if (MACSR.OMC == 1)
then /* accumulation overflow,
saturationMode enabled */
if (result[47] == 1)
then result[47:0] 0x0000_ 7fff ffff
else result[47:0] = Oxffff 8000_0000

/* transfer the result to the accumulator */
ACCx[47:0] = result[47:0]

MACSR.V = MACSR.PAVn

MACSR.N = ACCx[47]

if (ACCx[47:0] == 0x0000_0000_0000)
then MACSR.Z 1
else MACSR.Z = 0
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if ((ACCx[47:31] == 0x0000_0) || (ACCx[47:31] == Oxffff 1))
then MACSR.EV = 0
else MACSR.EV =1
break;
case 1,3: /* signed fractionals */
if (MACSR.OMC == | | MACSR.PAVn == 0)
then {
MACSR.PAVn = 0
if (sz == word)
then {if (U/Ly == 1)
then operandY[31:0] = {Ry[31:16], 0x0000}
else operandY[31:0] = {Ry[15:0], 0x0000}
if (U/Lx == 1)
then operandX[31:0] = {Rx[31:16], 0x0000}
else operandX[31:0] = {Rx[15:0], 0x0000}
}
else {operand¥Y[31:0] = Ry[31:0]
operandX[31:0] = Rx[31:0]
/* perform the multiply */
product [63:0] = (operandY[31:0] * operandX[31:0]) << 1
/* check for product rounding */
if (MACSR.R/T == 1)
then { /* perform convergent rounding */
if (product[23:0] > 0x80_0000)
then product[63:24] = product[63:24] + 1
else if ((product[23:0] == 0x80_0000) && (product[24] == 1))
then product [63:24] = product[63:24] + 1
}
/* sign-extend to 48 bits and combine with accumulator */
/* check for the -1 * -1 overflow case */
if ((operandY([31:0] == 0x8000_0000) && (operandX[31:0] == 0x8000_0000))
then product [71:64] = 0x00 /* zero-fill */
else product[71:64] = {8{product[63]}} /* sign-extend */
if (inst == MSACQC)
then result[47:0] = ACCx[47:0] - product[71:24]
else result[47:0] = ACCx[47:0] + product[71:24]
/* check for accumulation overflow */
if (accumulationOverflow == 1)
then {MACSR.PAVn = 1
MACSR.V = 1
if (MACSR.OMC == 1)
then /* accumulation overflow,
saturationMode enabled */
if (result[47] == 1)
then result[47:0] = 0x007f ffff ££f00
else result[47:0] = 0xf£80 0000 0000
}
/* transfer the result to the accumulator */
ACCx[47:0] = result[47:0]
MACSR.V = MACSR.PAVn
MACSR.N = ACCx[47]
if (ACCx[47:0] == 0x0000 0000 _0000)
then MACSR.Z =1
else MACSR.Z = 0
if ((ACCx[47:39] == 0x00_0) || (ACCx[47:39] == Oxff 1))
then MACSR.EV = 0
else MACSR.EV = 1
break;
case 2: /* unsigned integers */
if (MACSR.OMC == 0 || MACSR.PAVn == 0)

then {
MACSR.PAVn = 0
/* select the input operands */
if (sz == word)
then {if (U/Ly == 1)
then operandY[31:0] {ox0000, RyI[31:16]}
else operandY[31:0] = {0x0000, Ry[15:0]}
if (U/Lx == 1)
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then operandX[31:0] {ox0000, Rx[31:16]}
else operandX[31:0] = {0x0000, Rx[15:0]}

}
else {operandY[31:0] = Ry[31:0]
operandX[31:0] = Rx[31:0]

/* perform the multiply */
product [63:0] = operandY[31:0] * operandX[31:0]
/* check for product overflow */
if (product[63:40] != 0x0000_00)
then { /* product overflow */
MACSR.PAVn = 1
MACSR.V = 1

if (inst == MSAC && MACSR.OMC == 1)
then result[47:0] = 0x0000_0000_ 0000
else if (MACSR.OMC == 1)

then /* overflowed MAC,
saturationMode enabled */
result [47:0] = Oxffff ffff ffff

}

/* zero-fill to 48 bits before performing any scaling */

product [47:40] = 0 /* zero-fill upper byte */
/* scale product before combining with accumulator */
switch (SF) /* 2-bit scale factor */
case 0: /* no scaling specified */
break;
case 1: /* SF = "<< 1" %/
product [40:0] = {product[39:0], 0}
break;
case 2: /* reserved encoding */
break;
case 3: /* SF = ">> 1" */
product [39:0] = {0, product[39:1]}
break;

/* combine with accumulator */
if (MACSR.PAVn == 0)
then {if (inst == MSACQ)
then result[47:0] ACCx[47:0] - product[47:0]
else result[47:0] = ACCx[47:0] + product[47:0]

/* check for accumulation overflow */
if (accumulationOverflow == 1)
then {MACSR.PAVn = 1
MACSR.V = 1

if (inst == MSAC && MACSR.OMC == 1)
then result[47:0] = 0x0000_0000_0000
else if (MACSR.OMC == 1)

then /* overflowed MAC,
saturationMode enabled */
result [47:0] = Oxffff ffff ffff

/* transfer the result to the accumulator */
ACCx[47:0] = result[47:0]

MACSR.V = MACSR.PAVn
MACSR.N = ACCx[47]
if (ACCx[47:0] == 0x0000_0000_0000)
then MACSR.Z 1
else MACSR.Z = O
if (ACCx[47:32] == 0x0000)
0
1

then MACSR.EV
else MACSR.EV =

break;
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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.

13.2 Memory Map and Registers

NOTE
Different SIM registers reset on different MCU reset types. The
reset type represented by each register's displayed reset value is
as follows:
* For SOPT1-2 registers: Chip POR not VLLS
e For SOPT3-4 registers: Chip Reset not VLLS
e For SOPT5-7, COPC, SRVCOP, OSC1, SCGC1-6,
CLKOUT, and CLKDIVI1 registers: Chip Reset
» For SDIDH, SDIDL, CLKDIVO0, SPCR, and UID*
registers: Chip POR

For each list, the registers are reset only by the specified reset
type or any reset type that triggers the specified reset type.
Other reset types do not affect the registers. For information
about the various reset types on this chip, refer to the Reset
details.
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SIM memory map

Absolute

address Register name (i":i:ittr;) Access | Reset value S:c;t;zn/
(hex)
FFFF_80CO |System Options Register 1 (SIM_SOPT1) 8 R/W See section | 13.2.1/273
FFFF_80C1 |System Options Register 2 (SIM_SOPT2) 8 R/W Undefined 13.2.2/274
FFFF_80C2 |System Options Register 3 (SIM_SOPT3) 8 R/W 00h 13.2.3/275
FFFF_80C3 |System Options Register 4 (SIM_SOPT4) 8 R/W 10h 13.2.4/276
FFFF_80C4 |System Options Register 5 (SIM_SOPT5) 8 R/W 02h 13.2.5/277
FFFF_80C5 |System Options Register 6 (SIM_SOPT6) 8 R/W 00h 13.2.6/277
FFFF_80C6 |System Options Register 7 (SIM_SOPT7) 8 R/W 00h 13.2.7/278
FFFF_80CA |COP Control Register (SIM_COPC) 8 R/W 0Ch 13.2.8/279
W
FFFF_80CB |Service COP Register (SIM_SRVCOP) 8 (always 00h 13.2.9/280
reads 0)
FFFF_80CD |Oscillator 1 Control Register (SIM_OSC1) 8 R/W 00h 13.2.10/281
FFFF_80DO0 |Device Identification High Register (SIM_SDIDH) 8 R 0Dh 13.2.11/282
FFFF_80D1 |Device Identification Low Register (SIM_SDIDL) 8 R See section | 13.2.12/282
FFFF_80D2 |Clock Gate Control Register 1 (SIM_SCGC1) 8 R/W 00h 13.2.13/283
FFFF_80D3 |Clock Gate Control Register 2 (SIM_SCGC2) 8 R/W 10h 13.2.14/284
FFFF_80D4 |Clock Gate Control Register 3 (SIM_SCGC3) 8 R/W 00h 18.2.15/285
FFFF_80D5 |Clock Gate Control Register 4 (SIM_SCGC4) 8 R/W 81h 13.2.16/286
FFFF_80D6 |Clock Gate Control Register 5 (SIM_SCGC5) 8 R/W 01h 13.2.17/287
FFFF_80D7 |Clock Gate Control Register 6 (SIM_SCGCB6) 8 R/W 00h 13.2.18/288
FFFF_80DA |Clockout Register (SIM_CLKOUT) 8 R/W 07h 13.2.19/289
FFFF_80DB |Clock Divider 0 Register (SIM_CLKDIVO) 8 R/W See section | 13.2.20/290
FFFF_80EO |Flash Configuration Register (SIM_SPCR) 8 R Undefined | 13.2.21/291
FFFF_80E4 |Unique Identification Register (SIM_UIDH3) 8 R Undefined | 13.2.22/292
FFFF_80E5 |Unique Identification Register (SIM_UIDH2) 8 R Undefined | 13.2.23/293
FFFF_80E6 |Unique Identification Register (SIM_UIDH1) 8 R Undefined | 13.2.24/294
FFFF_80E7 |Unique Identification Register (SIM_UIDHO) 8 R Undefined | 13.2.25/294
FFFF_80E8 |Unique Identification Register (SIM_UIDMH3) 8 R Undefined | 13.2.26/295
FFFF_80E9 |Unique Identification Register (SIM_UIDMH2) 8 R Undefined | 13.2.27/296
FFFF_80EA |Unique Identification Register (SIM_UIDMH1) 8 R Undefined | 13.2.28/296
FFFF_80EB |Unique Identification Register (SIM_UIDMHO) 8 R Undefined | 13.2.29/297
FFFF_80EC |Unique Identification Register (SIM_UIDML3) 8 R Undefined | 13.2.30/298
FFFF_80ED |Unique Identification Register (SIM_UIDML2) 8 R Undefined | 13.2.31/298
FFFF_80EE |Unique Identification Register (SIM_UIDML1) 8 R Undefined | 13.2.32/299
FFFF_80EF |Unique Identification Register (SIM_UIDMLO) 8 R Undefined | 13.2.33/300
FFFF_80F0 |Unique Identification Register (SIM_UIDLS3) 8 R Undefined | 13.2.34/300
FFFF_80F1 |Unique Identification Register (SIM_UIDL2) 8 R Undefined | 13.2.35/301
FFFF_80F2 |Unique Identification Register (SIM_UIDL1) 8 R Undefined | 13.2.36/302
Table continues on the next page...
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SIM memory map (continued)

Absolute ] ]
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
FFFF_80F3 |Unique Identification Register (SIM_UIDLO) 8 R Undefined | 13.2.37/302

13.2.1 System Options Register 1 (SIM_SOPT1)

NOTE
The following Reset row refers to Chip POR not VLLS. Only
that type of reset, or any reset type that triggers Chip POR not
VLLS, affects this register. Other reset types do not affect this
register.

Address: FFFF_80CO0h base + Oh offset = FFFF_80CO0h

Bit 7 6 5
Read |  pegE SSTB VSTB
Write
Reset 1 0 0

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

SIM_SOPT1 field descriptions

Field Description

7 Voltage Regulator enable
REGE
This bit is writable when the SOPT3[RWE] bit is set.

0 VREG is disabled.
1 VREG is enabled (reset value).

6 Voltage Regulator standby in stop modes
SSTB
This bit controls whether the VREG enters standby in stop, VLPS, LLS and VLLS modes. The bit is
writable when the SOPT3[SWE] bit is set.

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

5 Voltage Regulator standby in run/wait modes
VSTB

This bit controls whether the VREG enters standby in VLPW and VLPR modes. The bit is writable when
the SOPT3[SWE] bit is set.

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

Table continues on the next page...
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SIM_SOPT1 field descriptions (continued)

Field Description
4-2 This field is reserved.

Reserved The value of each bit can be 0 or 1.
1-0 This field is reserved.

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

13.2.2 System Options Register 2 (SIM_SOPT2)

NOTE
The following Reset row refers to Chip POR not VLLS. Only
that type of reset, or any reset type that triggers Chip POR not
VLLS, affects this register. Other reset types do not affect this
register.

Address: FFFF_80CO0h base + 1h offset = FFFF_80C1h

Bit 7 6 5 4 | 3 2 1 0
Read RAMSIZE
Write
Reset x* x* x* X* 0 x* x* X*
* Notes:

e x = Undefined at reset.

SIM_SOPT2 field descriptions

Field Description

7-4 Size of RAM array

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

0000 Reserved

0001 8KB
0010 Reserved
0011 16 KB
0100 Reserved
0101 32KB
Other Reserved
3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2-0 This field is reserved.
Reserved
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13.2.3 System Options Register 3 (SIM_SOPT3)

NOTE
The following Reset row refers to Chip Reset not VLLS. Only
that type of reset, or any reset type that triggers Chip Reset not
VLLS, affects this register. Other reset types do not affect this
register.

Address: FFFF_80CO0h base + 2h offset = FFFF_80C2h

Bit 7 6 5 4 | 3 2 1 0
Read SWE RWE
Write
Reset 0 0 0 0 0 0 0 0
SIM_SOPTS3 field descriptions
Field Description
7-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 Standby write enable
SWE

0 The SSTB and VSTB bits cannot be written.
1 The SSTB and VSTB bits can be written.

Writing 1 to this bit allows the SSTB and VSTB bits in the SOPT1 register to be written. This bit clears
after a write to SSTB, VSTB, or both (a simultaneous write to SSTB and VSTB is allowed).

0 Voltage Regulator write enable
RWE

the REGE bit.

0 The REGE bit cannot be written.
1 The REGE bit can be written.

Writing 1 to this bit allows the REGE bit in the SOPT1 register to be written. This bit clears after a write to
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13.2.4 System Options Register 4 (SIM_SOPT4)

NOTE
The following Reset row refers to Chip Reset not VLLS. Only
that type of reset, or any reset type that triggers Chip Reset not
VLLS, affects this register. Other reset types do not affect this
register.

Address: FFFF_80CO0h base + 3h offset = FFFF_80C3h

Bit 7 6 5 4 | 3 2 1 0
Read 0 STOPE WAITE 0 VLLDBGRE
Write Q
Reset 0 0 0 1 0 0 0 0
SIM_SOPT4 field descriptions
Field Description
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 Stop mode enable
STOPE
This bit can be written only once after each reset.
NOTE: If the STOPE and WAITE bits are both set to 1, the WAITE bit takes priority.
0 Disable entry to stop mode.
1 Enable entry to stop mode. When the WAITE bit is 0, the SMC's PMCTRL[STOPM] field controls
which type of stop mode the chip enters.
4 Wait mode enable
WAITE
0 Disable entry to wait mode
1 Enable entry to wait mode
3-1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 Very Low Leakage Debug Request upon Wakeup
VLLDBGREQ

This bit can be written through the BDM interface.

0 Wakeup from a VLLSx mode (except via the RESET pin) is via Chip POR into single chip mode (reset
value)

1 Wakeup from a VLLSx mode (except via the RESET pin) is via Chip POR into active background
debug mode
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13.2.5 System Options Register 5 (SIM_SOPTS5)

Address: FFFF_80CO0h base + 4h offset = FFFF_80C4h

Bit 7 6 5 4 | 3 2 1 0
Read MECS F1ECS FOECS
Write
Reset 0 0 0 0 0 0 1 0

SIM_SOPTS5 field descriptions
Field Description
7-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3-2 MTIM16 external clock source select
MECS
00 TMR_CLKINO (reset value)
01 TMR_CLKINA1
10 FTMO Ch1 Out
11 FTM1Ch1 Out
1 FTM1 external clock select
F1ECS
0 TMR_CLKINO
1 TMR_CLKIN1 (reset value)
0 FTMO external clock select
FOECS
0 TMR_CLKINO (reset value)
1 TMR_CLKINA1
13.2.6 System Options Register 6 (SIM_SOPT6)
Address: FFFF_80CO0h base + 5h offset = FFFF_80C5h

Bit 7 6 5 4 3 2 1 0
Werﬁg MBSL MTBASE1 RX1IN MODTX1 PTF6PAD | PTC5PAD
Reset 0 0 0 0 0 0 0 0

SIM_SOPTS6 field descriptions
Field Description
7-6 Mini-FlexBus security level
MBSL

interface. This field has no effect if security is not enabled.

10 Off-chip opcode accesses are disallowed. Data accesses are allowed.
11 Off-chip op code accesses and data accesses are allowed.

If flash security is enabled, this field affects what CPU operations can access off-chip via the Mini-FlexBus

0x All off-chip accesses (opcode and data) by the Mini-FlexBus are disallowed (reset value: 00)

Table continues on the next page...
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SIM_SOPTS6 field descriptions (continued)

Field Description
5-4 UART1 TX modulation time base select
MTBASE1
00 FTMO Cho (reset value)
01 FTMO Ch1
10 FTM1 ChO
11 MTIM
3 UART1 RX input pin selection
RX1IN
0 RX1is fed from the digital input pin (assuming the RX1 is enabled on that pin via the mux pin
registers) (reset value)
1 RX1 is fed from the CMP output
2 Modulate T
MODTX1
0 Do not modulate the output of UART1 (reset value)
1 Modulate the output of UART1 with the timebase selected via the MTBASE1 field
1 PTF6 double pad strength
PTF6PAD
0 Standard drive strength (reset value)
1 High drive strength
0 PTC5 pad double pad strength
PTC5PAD

Controls the output drive strength of PTC5 by selecting either one or two pads to drive it.

0 Single-pad drive strength (reset value)

1 Dual-pad drive strength

13.2.7 System Options Register 7 (SIM_SOPT7)

Address: FFFF_80CO0h base + 6h offset = FFFF_80C6h

Bit 7 6 5 4 3 2 1 0
Read 0 0
Writ ADTRGS ACFTM I2CDR2 I2CDRO FTM1SYNC | FTMOSYNC
rite
Reset 0 0 0 0 0 0 0 0
SIM_SOPT7 field descriptions
Field Description
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 ADC hardware trigger source
ADTRGS
0 PDB (reset value)
1 LPTMRO (trigger ADCSC1A only)
5 CMP output connection to FTMO Ch0
ACFTM

Table continues on the next page...
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SIM_SOPT7 field descriptions (continued)

Field Description
0 CMP Output disconnected to FTMO0 ChO (reset value)
1 CMP Output connected to FTMO ChO
4 I12C Link for 12C2 and 12C3
I2CDR2
0 12C2 and I2C3 operate in their respective pins (reset value)
1 12C2 and 12C3 have their pins are connected internally
3 I12C Link for 12C0 and 12C1
I2CDRO
0 12C0 and 12C1 operate in their respective pins (reset value)
1 12C0 and 12C1 have their pins are connected internally
2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 FTM1 synchronization trigger
FTM1SYNC
0 No trigger generated. (reset value)
1 Generate a PWM synchronization trigger to the FTM1 modules.
0 FTMO synchronization trigger
FTMOSYNC
0 No trigger generated. (reset value).
1 Generate a PWM synchronization trigger to the FTMO module.

13.2.8 COP Control Register (SIM_COPC)

All of the bits in this register can be written only once after a reset.

The following table summarizes the control functions of this register's bitfields for COP

clock selection, windowed mode, and timeout count.

ControlBts Clock Source ?gg%?g;gw?ﬁ)s COP Overflow Count
COPC[COPCLKS] COPC[COPT]
NiA 00 M/A MiA COP is disabled

0 01 1 kHz Mia 25 cycles (32 ms )
0 10 1 kHz NA 28 cycles (256 ms )
0 11 1 kHz MiA 21% cycles (1,024 ms )
i 01 Bus 8,144 cycles 212 cycles
1 10 Bus 49,152 cycles 218 cycles
1 11 Bus 196,608 cycles 218 cycles
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Address: FFFF_80CO0h base + Ah offset = FFFF_80CAh

Bit 7 6 5 4 | 3 2 1 0
Read COPT COPCLKS | COPW
Write
Reset 0 0 0 0 1 1 0 0
SIM_COPC field descriptions
Field Description
7-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3-2 COP watchdog timeout
COPT

These write-once bits select the timeout period of the COP. The COPT field along with the COPCLKS bit
define the COP timeout period.

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

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

0 COP windowed mode
COPW

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

13.2.9 Service COP Register (SIM_SRVCOP)

Address: FFFF_80CO0h base + Bh offset = FFFF_80CBh

Bit 7 6 5 4 3 2 1 0
Read
Write SRVCOP
Reset 0 0 0 o | o 0 0 0
SIM_SRVCOP field descriptions
Field Description
7-0 Refer to COP watchdog operation.
SRVCOP
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13.2.10 Oscillator 1 Control Register (SIM_OSC1)
Controls the OSCI1 crystal oscillator.

Address: FFFF_80CO0h base + Dh offset = FFFF_80CDh

Bit 7 6 5 4 | 3 2 1 0
Read | hgc1EN 0 0 OSC1RANGE osciHgo | OSC1EREF 0
Write S
Reset 0 0 0 o | o 0 0 0

SIM_OSCH1 field descriptions
Field Description
7 Oscillator 1 enable
OSC1EN

Enables oscillator 1.

0 Oscillator 1 inactive.
1 Oscillator 1 active.

6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4-3 Frequency range select
OSC1RANGE

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 Encoding 1: High frequency range selected for the crystal oscillator of 1 MHz to 8 MHz.
1x  Encoding 2: Very high frequency range selected for the crystal oscillator of 8 MHz to 32 MHz.

2 High gain oscillator select
OSC1HGO
Controls the crystal oscillator mode of operation. For details, refer to the OSC chapter.

0 Configure crystal oscillator for low-power operation.
1 Configure crystal oscillator for high-gain operation.

1 External reference select
OSC1EREFS
Selects the source for the external reference clock. Refer to the OSC chapter for details.

0 External reference clock requested.
1 Oscillator requested.

0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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13.2.11 Device Identification High Register (SIM_SDIDH)

Together, the SDIDH and SDIDL registers contain the 12 ID bits that specify the device
identification number set by the IFR bits.

For a definition of the bit encodings for the ID bits in these registers, see the bit
encodings for the SDIDL register.

NOTE
The following Reset row refers to Chip POR. Only that type of
reset, or any reset type that triggers Chip POR, affects this
register. Other reset types do not affect this register.

Address: FFFF_80CO0h base + 10h offset = FFFF_80DO0h

Bit 7 6 5 4 3 2 1 0
Read REV ID[11:8]
Write
Reset 0 0 0 0 1 1 0 1
SIM_SDIDH field descriptions
Field Description
7-4 Device Revision Number
REV
Specifies the silicon implementation number for the device. This value comes from plugs, not IFR bits.
3-0 Device identification number
ID[11:8]

Specifies the device identification number as set by the IFR bits. For information about the bit encodings
for this field, see the description of the SDIDL register.

13.2.12 Device Identification Low Register (SIM_SDIDL)

Together, the SDIDH and SDIDL registers contain the 12 ID bits that specify the device
identification number set by the IFR bits, whose values replace the default reset values.
The bit encodings for all 12 ID bits correspond to the three LSBs in the IFR, which is a
range from DO1h to DO7h (110100000001b to 110100000111b).

NOTE
The following Reset row refers to Chip POR. Only that type of
reset, or any reset type that triggers Chip POR, affects this
register. Other reset types do not affect this register.
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Address: FFFF_80CO0h base + 11h offset = FFFF_80D1h

Bit 7 6 5 4 | 3 2 1 0
Read ID[7:0]
Write
Reset * x * * x * * x
* Notes:

» ID[7:0] field: Refer to this bitfield's description for its value, which is set by IFR bits.

SIM_SDIDL field descriptions

Field Description

7-0 Device identification number
ID[7:0]
Specifies the device identification number as set by the IFR bits, whose values replace the default reset
values. The bit encodings for bits 2-0 specify the ColdFire+ family of which the chip is a member.

00000001 MCF51JF
00000010 MCF51JU
00000011 MCF51QM
00000100 MCF51QH
00000101 MCF51QF
00000110 MCF51QU
00000111 Reserved

13.2.13 Clock Gate Control Register 1 (SIM_SCGC1)
Each bit in SCGC1 controls the clock gate to its respective module.

Address: FFFF_80CO0h base + 12h offset = FFFF_80D2h

Bit 7 6 5 4 3 2 1 0
5Veria:g 12C3 12C2 12C1 12C0 SPI1 SPIO UARTH1 UARTO
Reset 0 0 0 0 0 0 0 0

SIM_SCGCH1 field descriptions
Field Description
7 I12C3 clock gate control
12C3

Controls the clock gate to the 12C3 module.

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

6 I12C2 clock gate control
12C2

Controls the clock gate to the 12C2 module.

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

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

5 I12C1 clock gate control
12C1
Controls the clock gate to the 12C1 module.

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

4 12C0 clock gate control
12C0
Controls the clock gate to the 12C0 module.

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

3 SPI1 clock gate control
SPI1
Controls the clock gate to the SPI1 module.

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

2 SPI0 clock gate control
SPIO
Controls the clock gate to the SPI0 module.

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

1 UART1 clock gate control
UART1

Controls the clock gate to the UART1 module.

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

0 UARTO clock gate control
UARTO

Controls the clock gate to the UARTO module.

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

13.2.14 Clock Gate Control Register 2 (SIM_SCGC2)
Each bit in SCGC2 controls the clock gate to its respective module.

Address: FFFF_80CO0h base + 13h offset = FFFF_80D3h

Bit 7 6 5 4 | 3 2 1 0
Read 0 CMP TSI VREF 0 ADC DAC12B
Write
Reset 0 0 0 1 0 0 0 0
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SIM_SCGC2 field descriptions

Field Description
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 CMP clock gate control
CMP
Controls the clock gate to the CMP module.
0 The clock to the module is disabled.
1 The clock to the module is enabled.
5 TSI clock gate control
TSI
Controls the clock gate to the TSI module.
0 The clock to the module is disabled
1 The clock to the module is enabled.
4 VREF clock gate control
VREF
Controls the clock gate to the VREF module.
0 The clock to the module is disabled.
1 The clock to the module is enabled.
3-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 ADC clock gate control
ADC
Controls the clock gate to the ADC module.
0 The clock to the module is disabled.
1 The clock to the module is enabled.
0 12-bit DAC clock gate control
DAC12B

Controls the clock gate to the 12-bit DAC module.

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

13.2.15 Clock Gate Control Register 3 (SIM_SCGC3)
Each bit in SCGC3 controls the clock gate to its respective module.

Address: FFFF_80CO0h base + 14h offset = FFFF_80D4h

Bit 7 6 5 4 3 2 1 0
Read Reserved
CRC PDB CMT MTIM FTM1 FTMO
Reset 0 0 0 0 0 0 0 0

MCF51QM128 Reference Manual, Rev. 4, 08/2012

Freescale Semiconductor, Inc.

285



Memory Map and Registers
SIM_SCGCS3 field descriptions

Field Description

7 CRC clock gate control
CRC
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 PDB clock gate control
PDB
Controls the clock gate to the PDB module.

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

5 CMT clock gate control
CMT
Controls the clock gate to the CMT module.

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

4 MTIM clock gate control
MTIM
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 clock gate control
FTMA1
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 FTMO clock gate control
FTMO
Controls the clock gate to the FTMO module.

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

1-0 This field is reserved.
Reserved

13.2.16 Clock Gate Control Register 4 (SIM_SCGC4)
Each bit in SCGC4 controls the clock gate to its respective module.

Address: FFFF_80CO0h base + 15h offset = FFFF_80D5h

Bit 7 6 5 4 | 3 2 1 0
Read Reserved Reserved
FTFL IRQ WDOG
Write
Reset 1 0 0 0 0 0 0 1
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SIM_SCGC4 field descriptions

Field Description

7 FTFL clock gate control
FTFL
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—4 This field is reserved.
Reserved
3 DMA clock gate control
DMA

Controls the clock gate to the DMA module.

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

2 This field is reserved.
Reserved
1 IRQ clock gate control
IRQ

Controls the clock gate to the IRQ module.

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

0 COP clock gate control

WDOG
Controls the bus clock gate to the COP module.

CORP 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.

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

13.2.17 Clock Gate Control Register 5 (SIM_SCGC5)
Each bit in SCGCS5 controls the clock gate to its respective module.

Address: FFFF_80CO0h base + 16h offset = FFFF_80D6h

Bit 7 6 5 4 | 3 2 1 0
Read Reserved
RNGB MFBUS 0OSC2 OSC1 MCG
Write
Reset 0 0 0 0 0 0 0 1
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SIM_SCGCS field descriptions

Field Description
7 RNGB clock gate control
RNGB
Controls the clock gate to the RNGB module.
0 The clock to the module is disabled.
1 The clock to the module is enabled.
6 MFBUS clock gate control
MFBUS
Controls the clock gate to the MFBUS module.
0 The clock to the module is disabled.
1 The clock to the module is enabled.
5-3 This field is reserved.
Reserved
2 OSC2 clock gate control
0SC2
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 clock gate control
OSCH1
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 clock gate control
MCG

Controls the clock gate to the MCG module.

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

13.2.18 Clock Gate Control Register 6 (SIM_SCGC6)
Each bit in SCGC6 controls the clock gate to its respective module.

Address: FFFF_80CO0h base + 17h offset = FFFF_80D7h

Bit

7 6 5 4 3 2 1 0
Read 0
Writ PORTF PORTE PORTD PORTC PORTB PORTA
rite
0 0 0 0 0 0 0 0

Reset
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SIM_SCGCE6 field descriptions

Field Description
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 Port F clock gate control
PORTF

Controls the clock gate to the Port F module.

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

4 Port E clock gate control
PORTE
Controls the clock gate to the Port E module.

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

3 Port D clock gate control
PORTD
Controls the clock gate to the Port D module.

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

2 Port C clock gate control
PORTC
Controls the clock gate to the Port C module.

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

1 Port B clock gate control
PORTB
Controls the clock gate to the Port B module.

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

0 Port A clock gate control
PORTA
Controls the clock gate to the Port A module.

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

13.2.19 Clockout Register (SIM_CLKOUT)

Address: FFFF_80CO0h base + 1Ah offset = FFFF_80DAh

Bit 7 6 5 4 | 3 2 1 0
Read 0 cs 0 CLKOUTDIV
Write
Reset 0 0 0 0 0 1 1 1
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SIM_CLKOUT field descriptions

Field Description
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6—4 CLKOUT pin clock select
CS

000 Disabled (reset value)

001 OSC1ERCLK (from OSC1)

010 OSC2ERCLK (from OSC2)

011 MCGOUTCLK

100 CPUCLK/SYSCLK (Note: In wait mode, CPUCLK is disabled, but SYSCLK is still available.)
101 BUSCLK (Note: For PTB1, BUSCLK can be used as FB_CLKOUT.)

110 LPO

111 LPTMRO prescaler clock output

3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2-0 Division of the CLKOUT pin
CLKOUTDIV

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)

13.2.20 Clock Divider 0 Register (SIM_CLKDIVO0)

NOTE
The following Reset row refers to Chip POR. Only that type of
reset, or any reset type that triggers Chip POR, affects this
register. Other reset types do not affect this register.

Address: FFFF_80CO0h base + 1Bh offset = FFFF_80DBh

Bit 7 6 5 4 | 3 2 1 0
Regd OuUTDIV
Write
Reset 0 0 0 0 * * * *

* Notes:
e QOUTDIV field: At end of reset, loaded with either 0000 or 1111 depending on flash option register bit 0 (FOPT[0])
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SIM_CLKDIVO field descriptions

Field Description
7-4 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
3-0 Clock output divider value to generate CPU clock

OouTDIV

Sets the divide value for the core/system clock.

NOTE: At the end of reset, this field is loaded with either 0000 or 1111 depending on flash option register
bit 0 (FOPTI[O0]).

Restriction: This bitfield cannot be changed when the MCU is in a VLPx mode.

Restriction: 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

13.2.21 Flash Configuration Register (SIM_SPCR)

NOTE
The following Reset row refers to Chip POR. Only that type of
reset, or any reset type that triggers Chip POR, affects this
register. Other reset types do not affect this register.

Address: FFFF_80CO0h base + 20h offset = FFFF_80EOh

Bit 7 6 5 4 3 2 1 0
Read NVMSIZE PFSIZE
Write
Reset x* x* x* x* x* x* x* X"
* Notes:

¢ x = Undefined at reset.
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SIM_SPCR field descriptions

Field Description

7-4 FlexNVM size
NVMSIZE

This field specifies the amount of FlexNVM available on the device.

0000 Reserved
0001 16 KB of FlexNVM, 2 KB protection region
0010 Reserved
0011 32 KB of FlexNVM, 4 KB protection region
x1xx Reserved

3-0 Program flash size

PFSIZE
This field specifies the amount of program flash memory available on the device.

0000 Reserved

0001 Reserved

0010 Reserved

0011 32 KB of program flash memory, 1 KB protection region
0100 Reserved

0101 64 KB of program flash memory, 2 KB protection region
0110 Reserved

0111 128 KB of program flash memory, 4 KB protection region
1xxx Reserved

13.2.22 Unique Identification Register (SIM_UIDH3)

NOTE
The following Reset row refers to Chip POR. Only that type of
reset, or any reset type that triggers Chip POR, affects this
register. Other reset types do not affect this register.

Address: FFFF_80CO0h base + 24h offset = FFFF_80E4h

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.
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SIM_UIDHS3 field descriptions

Field Description
7-0 Unique identification
UID[127:120]
Provides unique identification for the device. These bits are set by the IFR bits.

13.2.23 Unique Identification Register (SIM_UIDH2)

NOTE
The following Reset row refers to Chip POR. Only that type of
reset, or any reset type that triggers Chip POR, affects this
register. Other reset types do not affect this register.

Address: FFFF_80CO0h base + 25h offset = FFFF_80E5h

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 Unique identification
UID[119:112]
Provides unique identification for the device. These bits are set by the IFR bits.

MCF51QM128 Reference Manual, Rev. 4, 08/2012

Freescale Semiconductor, Inc. 293




Memory Map and Registers

13.2.24 Unique ldentification Register (SIM_UIDH1)

NOTE
The following Reset row refers to Chip POR. Only that type of
reset, or any reset type that triggers Chip POR, affects this
register. Other reset types do not affect this register.

Address: FFFF_80CO0h base + 26h offset = FFFF_80E6h

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 Unique identification
UID[111:104]
Provides unique identification for the device. These bits are set by the IFR bits.

13.2.25 Unique ldentification Register (SIM_UIDHO0)

NOTE
The following Reset row refers to Chip POR. Only that type of
reset, or any reset type that triggers Chip POR, affects this
register. Other reset types do not affect this register.

Address: FFFF_80CO0h base + 27h offset = FFFF_80E7h

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.
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SIM_UIDHO field descriptions

Field Description
7-0 Unique identification
UID[103:96]
Provides unique identification for the device. These bits are set by the IFR bits.

13.2.26 Unique Identification Register (SIM_UIDMHS3)

NOTE
The following Reset row refers to Chip POR. Only that type of
reset, or any reset type that triggers Chip POR, affects this
register. Other reset types do not affect this register.

Address: FFFF_80CO0h base + 28h offset = FFFF_80E8h

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 Unique identification
UID[95:88]
Provides unique identification for the device. These bits are set by the IFR bits.
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13.2.27 Unique ldentification Register (SIM_UIDMH2)

NOTE
The following Reset row refers to Chip POR. Only that type of
reset, or any reset type that triggers Chip POR, affects this
register. Other reset types do not affect this register.

Address: FFFF_80CO0h base + 29h offset = FFFF_80E9h

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 Unique identification
UID[87:80]
Provides unique identification for the device. These bits are set by the IFR bits.

13.2.28 Unique ldentification Register (SIM_UIDMH1)

NOTE
The following Reset row refers to Chip POR. Only that type of
reset, or any reset type that triggers Chip POR, affects this
register. Other reset types do not affect this register.

Address: FFFF_80CO0h base + 2Ah offset = FFFF_80EAh

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.
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SIM_UIDMH1 field descriptions

Field Description
7-0 Unique identification
UID[79:72]
Provides unique identification for the device. These bits are set by the IFR bits.

13.2.29 Unique Identification Register (SIM_UIDMHO0)

NOTE
The following Reset row refers to Chip POR. Only that type of
reset, or any reset type that triggers Chip POR, affects this
register. Other reset types do not affect this register.

Address: FFFF_80CO0h base + 2Bh offset = FFFF_80EBh

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_UIDMHO field descriptions

Field Description
7-0 Unique identification
UID[71:64]
Provides unique identification for the device. These bits are set by the IFR bits.
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13.2.30 Unique Identification Register (SIM_UIDML3)

NOTE
The following Reset row refers to Chip POR. Only that type of
reset, or any reset type that triggers Chip POR, affects this
register. Other reset types do not affect this register.

Address: FFFF_80CO0h base + 2Ch offset = FFFF_80ECh

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 Unique identification
UID[63:56]
Provides unique identification for the device. These bits are set by the IFR bits.

13.2.31 Unique Identification Register (SIM_UIDML2)

NOTE
The following Reset row refers to Chip POR. Only that type of
reset, or any reset type that triggers Chip POR, affects this
register. Other reset types do not affect this register.

Address: FFFF_80CO0h base + 2Dh offset = FFFF_80EDh

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.
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SIM_UIDML2 field descriptions

Field Description
7-0 Unique identification
UID[55:48]
Provides unique identification for the device. These bits are set by the IFR bits.

13.2.32 Unique Identification Register (SIM_UIDML1)

NOTE
The following Reset row refers to Chip POR. Only that type of
reset, or any reset type that triggers Chip POR, affects this
register. Other reset types do not affect this register.

Address: FFFF_80CO0h base + 2Eh offset = FFFF_80EEh

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_UIDMLA1 field descriptions

Field Description
7-0 Unique identification
UID[47:40]
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_UIDMLO)

NOTE
The following Reset row refers to Chip POR. Only that type of
reset, or any reset type that triggers Chip POR, affects this
register. Other reset types do not affect this register.

Address: FFFF_80COh base + 2Fh offset = FFFF_80EFh

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_UIDMLO field descriptions

Field Description
7-0 Unique identification
UID[39:32]
Provides unique identification for the device. These bits are set by the IFR bits.

13.2.34 Unique ldentification Register (SIM_UIDL3)

NOTE
The following Reset row refers to Chip POR. Only that type of
reset, or any reset type that triggers Chip POR, affects this
register. Other reset types do not affect this register.

Address: FFFF_80CO0h base + 30h offset = FFFF_80FO0Oh

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.
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SIM_UIDL3 field descriptions

Field Description
7-0 Unique identification
UID[31:24]
Provides unique identification for the device. These bits are set by the IFR bits.

13.2.35 Unique Identification Register (SIM_UIDL2)

NOTE
The following Reset row refers to Chip POR. Only that type of
reset, or any reset type that triggers Chip POR, affects this
register. Other reset types do not affect this register.

Address: FFFF_80COh base + 31h offset = FFFF_80F1h

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 Unique identification
UID[23:16]
Provides unique identification for the device. These bits are set by the IFR bits.
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13.2.36 Unique Identification Register (SIM_UIDL1)

NOTE
The following Reset row refers to Chip POR. Only that type of
reset, or any reset type that triggers Chip POR, affects this
register. Other reset types do not affect this register.

Address: FFFF_80COh base + 32h offset = FFFF_80F2h

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 Unique identification
UID[15:8]
Provides unique identification for the device. These bits are set by the IFR bits.

13.2.37 Unique ldentification Register (SIM_UIDLO0)

NOTE
The following Reset row refers to Chip POR. Only that type of
reset, or any reset type that triggers Chip POR, affects this
register. Other reset types do not affect this register.

Address: FFFF_80CO0h base + 33h offset = FFFF_80F3h

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.
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SIM_UIDLO 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
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

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:
e 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
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14.2 Memory Map / Register Definition

This crossbar switch is designed for minimal gate count. It, therefore, has no memory-
mapped configuration registers.

14.3 Functional Description

14.3.1 General operation

When a master accesses the crossbar switch the access is immediately taken. If the
targeted slave port of the access is available, then the access is immediately presented on
the slave port. Single-clock or zero-wait-state accesses are possible through the crossbar.
If the targeted slave port of the access is busy or parked on a different master port, the
requesting master simply sees wait states inserted until the targeted slave port can service
the master's request. The latency in servicing the request depends on each master's
priority level and the responding slave's access time.

Because the crossbar switch appears to be just another slave to the master device, the
master device has no knowledge of whether it actually owns the slave port it is targeting.
While the master does not have control of the slave port it is targeting, it simply waits.

A master is given control of the targeted slave port only after a previous access to a
different slave port completes, regardless of its priority on the newly targeted slave port.
This prevents deadlock from occurring when:

* A higher priority master has:
* An outstanding request to one slave port that has a long response time and
* A pending access to a different slave port, and
* A lower priority master is also making a request to the same slave port as the pending
access of the higher priority master.

After the master has control of the slave port it is targeting, the master remains in control
of the slave port until it relinquishes the slave port by running an IDLE cycle or by
targeting a different slave port for its next access.

The master can also lose control of the slave port if another higher-priority master makes
a request to the slave port.
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The crossbar terminates all master IDLE transfers, as opposed to allowing the termination
to come from one of the slave buses. Additionally, when no master is requesting access to
a slave port, the crossbar drives IDLE transfers onto the slave bus, even though a default
master may be granted access to the slave port.

When a slave bus is being idled by the crossbar, it remains parked with the last master to
use the slave port. This is done to save the initial clock of arbitration delay that otherwise
would be seen if the master had to arbitrate to gain control of the slave port.

14.3.2 Arbitration

The crossbar switch supports two arbitration algorithms:

* Fixed priority
e Round robin

The selection of the global slave port arbitration is controlled by MCM_PLACR[ARB].
For fixed priority, set ARB to 0. For round robin, set ARB to 1. This arbitration setting
applies to all slave ports.

The crossbar arbitration scheme is controlled by CPUCR[CBRR] bit in the processor's
CPU Configuration Register (CPUCR). See CPU Configuration Register (CPUCR) for
details. At reset, fixed-priority arbitration is enabled.

14.3.2.1 Arbitration During Undefined Length Bursts

All lengths of burst accesses lock out arbitration until the last beat of the burst.

14.3.2.2 Fixed-priority operation

When operating in fixed-priority mode, each master is assigned a unique priority level
with the highest numbered master having the highest priority (master 1 has lower priority
than master 3). If two masters request access to the same slave port, the master with the
highest priority gains control over the slave port.

NOTE
In this arbitration mode, a higher-priority master can
monopolize a slave port, preventing accesses from any lower-
priority master to the port.
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When a master makes a request to a slave port, the slave port checks whether the new
requesting master's priority level is higher than that of the master that currently has
control over the slave port, unless the slave port is in a parked state. The slave port
performs an arbitration check at every clock edge to ensure that the proper master, if any,
has control of the slave port.

The following table describes possible scenarios based on the requesting master port:

Table 14-1. How AXBS grants control of a slave port to a master

When Then AXBS grants control to the requesting master

Both of the following are true: At the next clock edge
¢ The current master is not running a transfer.
* The new requesting master's priority level is higher than
that of the current master.

The requesting master's priority level is lower than the current | At the conclusion of one of the following cycles:

master. * An IDLE cycle

* A non-IDLE cycle to a location other than the current
slave port

14.3.2.3 Round-robin priority operation

When operating in round-robin mode, each master is assigned a relative priority based on
the master port number. This relative priority is compared to the master port number (ID)
of the last master to perform a transfer on the slave bus. The highest priority requesting
master becomes owner of the slave bus at the next transfer boundary. Priority is based on
how far ahead the ID of the requesting master is to the ID of the last master.

After granted access to a slave port, a master may perform as many transfers as desired to
that port until another master makes a request to the same slave port. The next master in
line is granted access to the slave port at the next transfer boundary, or possibly on the
next clock cycle if the current master has no pending access request.

As an example of arbitration in round-robin mode, assume the crossbar is implemented
with master ports 0, 1, 4, and 5. If the last master of the slave port was master 1, and
master 0, 4 and 5 make simultaneous requests, they are serviced in the order 4, 5, and
then 0.

The round-robin arbitration mode generally provides a more fair allocation of the
available slave-port bandwidth (compared to fixed priority) as the fixed master priority
does not affect the master selection.
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14.3.2.4 Priority Elevation

The processor master port may elevate it's priority level to the slave ports. This is
controlled by CPUCR[HAE] and CPUCR[FHP] bits. See CPU Configuration Register
(CPUCR) for details. The CPUCR[FHP] bit always elevates the processor's priority while
the CPUCR[HAE] bit elevates the processor's priority while it is processing any interrupt
service routine.

When priority elevation is enabled for the processor's master port, that master port has a
higher priority than the other master ports that do not, regardless of the fixed priority
level or round robin conditions.

This functionality allows the user to automatically elevate a master port's priority level
throughout the crossbar to quickly perform temporary tasks such as servicing interrupts.
However, when using this functionality take care to not to occupy 100% of a slave's
bandwidth with one master, and essentially locking out the rest of the masters. This
should only be used for important temporary tasks, such as interrupt handling.

14.3.2.4.1 Priority Elevation in Round-Robin Mode

If a slave port is programmed for round-robin mode and a master is configured for
priority elevation, that master can force the slave port into fixed priority mode. The slave
port remains in fixed priority mode while that master's (or any other master's) configured
for priority elevation and it attempts access to that particular slave port.

After the masters are no longer configured for priority elevation, or the masters no longer
attempt accesses to that particular slave port, the slave port reverts to round-robin priority
mode. Then, the pointer is set on the last master to access the slave port.

14.4 Initialization/application information

No initialization is required for the crossbar switch. See the AXBS section of the
configuration chapter for the reset state of the arbitration scheme.
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Chapter 15
Interrupt Controller (INTC)

15.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

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 SO8'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
CFI1_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.
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Table 15-1. Exception Processing Comparison

Attribute HCSO08 V1 ColdFire
Exception Vector Table 32 two-byte entries, fixed location at upper | 115 four-byte entries, located at lower end
end of memory of memory at reset, relocatable with the
VBR
More on Vectors 2 for CPU + 30 for IRQs, reset at upper 64 for CPU + 39 for IRQs, reset at lowest
address address
Exception Stack Frame 5-byte frame: CCR, A, X, PC 8-byte frame: F/V, SR, PC; General-

purpose registers (An, Dn) must be saved/
restored by the ISR

Interrupt Levels 1 =f(CCRJl]) 7= f (SR[I]) with automatic hardware
support for nesting

Non-Maskable IRQ Support No Yes, with level 7 interrupts

Core-enforced IRQ Sensitivity No Level 7 is edge sensitive, else level
sensitive

INTC Vectoring Fixed priorities and vector assignments Fixed priorities and vector assignments,

plus any 2 IRQs can be remapped as the
highest priority level 6 requests

Software IACK No Yes
Exit Instruction from ISR RTI RTE

15.1.1 Overview

Interrupt exception processing includes interrupt recognition, aborting the current
instruction execution stream, storing an 8-byte exception stack frame in the memory,
calculation of the appropriate vector, and passing control to the specified interrupt service
routine.

Unless specifically noted otherwise, all ColdFire processors sample for interrupts once
during each instruction's execution during the first cycle of execution in the OEP.
Additionally, all ColdFire processors use an instruction restart exception model.

The ColdFire processor architecture defines a 3-bit interrupt priority mask field in the
processor's status register (SR[I]). This field, and the associated hardware, support seven
levels of interrupt requests with the processor providing automatic nesting capabilities.
The levels are defined in descending numeric order with 7> 6 ... > 1. Level 7 interrupts
are treated as non-maskable, edge-sensitive requests while levels 6—1 are maskable, level-
sensitive requests. The SR[I] field defines the processor's current interrupt level. The
processor continuously compares the encoded IRQ level from CF1_INTC against SR[I].
Recall that interrupt requests are inhibited for all levels less than or equal to the current
level, except the edge-sensitive level 7 request that cannot be masked.
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Chapter 15 Interrupt Controller (INTC)
Exception processing for ColdFire processors is streamlined for performance and
includes all actions from detecting the fault condition to the initiation of fetch for the first
handler instruction. Exception processing is comprised of four major steps.

1. The processor makes an internal copy of the status register (SR) and enters
supervisor mode by setting SR[S] and disabling trace mode by clearing SR[T]. The
occurrence of an interrupt exception also forces the master mode (M) bit to clear and
the interrupt priority mask (I) to set to the level of the current interrupt request.

2. The processor determines the exception vector number. For all faults except
interrupts, the processor performs this calculation based on the exception type. For
interrupts, the processor performs an IACK bus cycle to obtain the vector number
from the interrupt controller if CPUCR[IAE] equals 1. The IACK cycle is mapped to
special locations within the interrupt controller's IPS address space with the interrupt
level encoded in the address. If CPUCR[IAE] equals 0, the processor uses the vector
number supplied by the interrupt controller at the time the request was signaled (for
improved performance).

3. The processor saves the current context by creating an exception stack frame on the
system stack. As a result, exception stack frame is created at a 0-modulo-4 address
on top of the system stack defined by the supervisor stack pointer (SSP). The
processor uses an 8-byte stack frame for all exceptions. It contains the vector number
of the exception, the contents of the status register at the time of the exception, and
the program counter (PC) at the time of the exception. The exception type determines
whether the program counter placed in the exception stack frame defines the location
of the faulting instruction (fault) or the address of the next instruction to be executed
(next). For interrupts, the stacked PC is always the address of the next instruction to
be executed.

4. The processor calculates the address of the first instruction of the exception handler.
By definition, the exception vector table is aligned on a 1MB boundary. This
instruction address is generated by fetching a 32-bit exception vector from the table
located at the address defined in the vector base register (VBR). The index into the
exception table is calculated as (4 x vector number). After the exception vector has
been fetched, the contents of the vector serves as a 32-bit pointer to the address of the
first instruction of the desired handler. After the instruction fetch for the first opcode
of the handler has been initiated, exception processing terminates and normal
instruction processing continues in the handler.

All ColdFire processors support a 1024-byte vector table aligned on any 1 MB address
boundary. For the V1 ColdFire core, the only practical locations for the vector table are
based at 0x(00)00_0000 in the flash or 0x(00)80_0000 in the RAM. The table contains
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256 exception vectors; the first 64 are reserved for internal processor exceptions, and the
remaining 192 are device-specific interrupt vectors. The IRQ assignment table is partially
populated depending on the exact set of peripherals for the given device.

The basic ColdFire interrupt controller supports up to 63 request sources mapped as nine
priorities for each of the seven supported levels (7 levels x 9 priorities per level). Within
the nine priorities within a level, the mid-point is typically reserved for package-level
IRQ inputs. The levels and priorities within the level follow a descending order: 7 > 6
>...>1>0.

The HCSO08 architecture supports a 32-entry exception vector table: the first two vectors
are reserved for internal CPU/system exceptions and the remaining are available for I/O
interrupt requests. The requirement for an exact match between the interrupt requests and
priorities across two architectures means the sources are mapped to a sparsely-populated
two-dimensional ColdFire array of seven interrupt levels and nine priorities within the
level. The following association between the HCS08 and ColdFire vector numbers
applies:

ColdFire Vector Number = 62 + HCS08 Vector Number

The CF1_INTC performs a cycle-by-cycle evaluation of the active requests and signals
the highest-level, highest-priority request to the V1 ColdFire core in the form of an
encoded interrupt level and the exception vector associated with the request. The module
also includes a byte-wide interface to access its programming model. These interfaces are
shown in the following simplified block diagram.
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Interrupt Source Number

CF1_INTC 8 data to module
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Interrupt Level & Vector

to V1 ColdFire core

Figure 15-1. CF1_INTC Block Diagram

Peripheral Bus

15.1.2 Features
The Version 1 ColdFire interrupt controller includes:
* Memory-mapped off-platform slave module
» 64-byte space located at top end of memory: Ox(FF)FF_FFCO0-0x(FF)FF_FFFF
e Programming model accessed via the peripheral bus
* Encoded interrupt level and vector sent directly to processor core

 Support of 30 peripheral I/O interrupt requests plus seven software (one per level)
interrupt requests
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* Fixed association between interrupt request source and level plus priority

* 30 I/O requests assigned across seven available levels and nine priorities per
level

» Exactly matches HCSOS interrupt request priorities

» Up to two requests can be remapped to the highest maskable level + priority
* Unique vector number for each interrupt source

* ColdFire vector number = 62 + HCS08 vector number

* Details on IRQ and vector assignments are device-specific

 Support for service routine interrupt acknowledge (software IACK) read cycles for
improved system performance

* Combinatorial path provides wakeup signal from wait and stop modes

* Ability to mask any individual interrupt source, plus global mask-all capability

15.1.3 Modes of Operation

The CF1_INTC module does not support any special modes of operation. As a memory-
mapped slave peripheral located on the platform's slave bus, it responds based strictly on
the memory addresses of the connected bus.

One special behavior of the CF1_INTC deserves mention. When the device enters a wait
or stop mode and certain clocks are disabled, there is an input signal that can be asserted
to enable a purely-combinational logic path for monitoring the assertion of an interrupt
request. After a request of unmasked level is asserted, this combinational logic path
asserts an output signal that is sent to the clock generation logic to re-enable the internal
device clocks to exit the low-power mode.

15.2 External Signal Description

The CF1_INTC module does not include any external interfaces.

15.3 Interrupt Request Level and Priority Assignments
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The CF1_INTC module implements a sparsely populated 7 x 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.

15.4 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 ; i
address Register name (ivr\nhlgitt:) Access | Reset value Set;tlc;n/
(hex) pag
FFFF_FFC8 |Interrupt Mask Register High (INTC_IMRH) 32 R/W | 0000_0000h | 15.4.1/318
FFFF_FFCC |Interrupt Mask Register Low (INTC_IMRL) 32 R/W | 0000_0000h | 15.4.2/320
FFFF_FFDO |Force Interrupt Register (INTC_FRC) 8 R/W 00h 15.4.3/324
INTC Programmable Level 6 Priority Registers
FFFF_FFD8 (INTC_PL6P7) 8 R/W 00h 15.4.4/325
INTC Programmable Level 6 Priority Registers
FFFF_FFD9 (INTC_PL6P6) 8 R/W 00h 15.4.4/325
FFFF_FFDB |INTC Wakeup Control Register (INTC_WCR) 8 R/W 80h 15.4.5/326
FFFF_FFDC |Set Interrupt Mask Register (INTC_SIMR) 8 w 00h 15.4.6/327
FFFF_FFDD |Clear Interrupt Mask Register (INTC_CIMR) 8 w 00h 15.4.7/328
FFFF_FFDE |INTC Set Interrupt Force Register (INTC_SFRC) 8 W 00h 15.4.8/329
FFFF_FFDF |INTC Clear Interrupt Force Register (INTC_CFRC) 8 w 00h 15.4.9/330
FFFF_FFEO |INTC Software IACK Register (INTC_SWIACK) 8 R 00h 15.4.10/331

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

Absolute . ]
address Register name (ivr\lhgitt';) Access | Reset value Set;hc;n/
(hex) pag

FFFF_FFE4 [INTC Level-n IACK Registers (INTC_LVL1IACK) 8 R 18h 15.4.11/331
FFFF_FFE8 [INTC Level-n IACK Registers (INTC_LVL2IACK) 8 R 18h 15.4.11/331
FFFF_FFEC |INTC Level-n IACK Registers (INTC_LVL3IACK) 8 R 18h 15.4.11/331
FFFF_FFFO |INTC Level-n IACK Registers (INTC_LVL4IACK) 8 R 18h 15.4.11/331
FFFF_FFF4 |INTC Level-n IACK Registers (INTC_LVL5IACK) 8 R 18h 15.4.11/331
FFFF_FFF8 |INTC Level-n IACK Registers (INTC_LVL6IACK) 8 R 18h 15.4.11/331
FFFF_FFFC |INTC Level-n IACK Registers (INTC_LVL7IACK) 8 R 18h 15.4.11/331

15.4.1 Interrupt Mask Register High (INTC_IMRH)

INTC_IMRH, along with INTC_IMRL, provides a bit map for each interrupt to allow the
request to be disabled (masked) (1 = disable the request, O = enable the request). The
IMR is cleared by reset, enabling all interrupt requests to preserve compatibility with
earlier V1 ColdFire devices. The IMR can be read and written directly, or individual

mask flags can be set or cleared by accessing set/clear interrupt mask registers
(INTC_SIMR, INTC_CIMR).

Each bit of the IMR[n] is associated with a corresponding bit of the interrupt request
input vector. The equations defining this association are:

For Vectors 64-102, n=Vector_ Number - 64, else for Vectors 110-114, n = Vector Number - 71

Therefore, vector 64 corresponds to n =0, vector 65 to n = 1, etc., vector 113 ton =42,
and vector 114 to n = 43.

Each peripheral request input is first qualified by the contents of the IMR registers before
it is used elsewhere in the interrupt controller, that is:

qualified interrupt request[n] = interrupt request input[n] + ~INTC IMR[n]

Since this interrupt controller supports 44 request inputs, the upper 20 bits of the
INTC_IMRH are reserved for future use. Writes to these bits are ignored and reads return
zZeroes.

The contents of the IMR do not affect the operation of the software settable force
interrupt registers.

NOTE

Because this register and the corresponding low register
together represent 64 bits, this register's bits are actually
numbered 63-32 (not 31-0).
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Address: FFFF_FFCOh base + 8h offset = FFFF_FFC8h

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

R 0

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
[s2] Al ~ o (o] [0} N~ ©O 19} <t %] Al
< < < < %] (8] 2] [s2] 2] [s] 2] (s}
o o o o o o o o o o o o
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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
11 Interrupt mask register 43
IMR43
0 The interrupt request is enabled.
1 The interrupt request is disabled.
10 Interrupt mask register 42
IMR42
0 The interrupt request is enabled.
1 The interrupt request is disabled.
9 Interrupt mask register 41
IMR41
0 The interrupt request is enabled.
1 The interrupt request is disabled.
8 Interrupt mask register 40
IMR40
0 The interrupt request is enabled.
1 The interrupt request is disabled.
7 Interrupt mask register 39
IMR39
0 The interrupt request is enabled.
1 The interrupt request is disabled.
6 Interrupt mask register 38
IMR38
0 The interrupt request is enabled.
1 The interrupt request is disabled.
5 Interrupt mask register 37
IMR37
0 The interrupt request is enabled.
1 The interrupt request is disabled.
4 Interrupt mask register 36
IMR36

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

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

3 Interrupt mask register 35
IMR35
0 The interrupt request is enabled.

1 The interrupt request is disabled.

2 Interrupt mask register 34
IMR34
0 The interrupt request is enabled.

1 The interrupt request is disabled.

1 Interrupt mask register 33
IMR33
0 The interrupt request is enabled.

1 The interrupt request is disabled.

0 Interrupt mask register 32
IMR32
0 The interrupt request is enabled.

1 The interrupt request is disabled.

15.4.2 Interrupt Mask Register Low (INTC_IMRL)

INTC_IMRL, along with INTC_IMRH, provides a bit map for each interrupt to allow the
request to be disabled (masked) (1 = disable the request, O = enable the request). The
IMR is cleared by reset, enabling all interrupt requests to preserve compatibility with
earlier V1 ColdFire devices. The IMR can be read and written directly, or individual

mask flags can be set or cleared by accessing set/clear interrupt mask registers
(INTC_SIMR, INTC_CIMR).

Each bit of the IMR[n] is associated with a corresponding bit of the interrupt request
input vector. The equations defining this association are:

For Vectors 64-102, n=Vector Number - 64, else for Vectors 110-114, n = Vector_ Number - 71

Therefore, vector 64 corresponds to n =0, vector 65 to n = 1, etc., vector 113 ton =42,
and vector 114 to n = 43.

Each peripheral request input is first qualified by the contents of the IMR registers before
it is used elsewhere in the interrupt controller, that is:

qualified interrupt request[n] = interrupt request input[n] + ~INTC IMR [n]

Since this interrupt controller supports 44 request inputs, the upper 20 bits of the
INTC_IMRH are reserved for future use. Writes to these bits are ignored and reads return
zZeroes.
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The contents of the IMR do not affect the operation of the software settable force
interrupt registers.

Address: FFFF_FFCOh base + Ch offset = FFFF_FFCCh

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R — o (o] © N~ © Yol < ™ Al — o D [ee] N~ ©
(+] (%2} Al (Y] Al Al Al Al Al Al Al Al bt - - -
o o o o o o o o o o o o o o o o
wl = = = = = = = = = = = = = = = =
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
1o} < (o2} (aV] ~— o
o o o o o ac |IMR9 |IMR8|IMR7 | IMR6 | IMR5 | IMR4 | IMR3 | IMR2 | IMR1 | IMRO
= = = = = =
wl = = = = = =
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
INTC_IMRL field descriptions
Field Description
31 Interrupt mask register 31
IMR31
0 The interrupt request is enabled.
1 The interrupt request is disabled.
30 Interrupt mask register 30
IMR30
0 The interrupt request is enabled.
1 The interrupt request is disabled.
29 Interrupt mask register 29
IMR29
0 The interrupt request is enabled.
1 The interrupt request is disabled.
28 Interrupt mask register 28
IMR28
0 The interrupt request is enabled.
1 The interrupt request is disabled.
27 Interrupt mask register 27
IMR27
0 The interrupt request is enabled.
1 The interrupt request is disabled.
26 Interrupt mask register 26
IMR26
0 The interrupt request is enabled.
1 The interrupt request is disabled.
25 Interrupt mask register 25
IMR25
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

24 Interrupt mask register 24
IMR24
0 The interrupt request is enabled.

1 The interrupt request is disabled.

23 Interrupt mask register 23
IMR23
0 The interrupt request is enabled.

1 The interrupt request is disabled.

22 Interrupt mask register 22
IMR22
0 The interrupt request is enabled.

1 The interrupt request is disabled.

21 Interrupt mask register 21
IMR21
0 The interrupt request is enabled.

1 The interrupt request is disabled.

20 Interrupt mask register 20
IMR20
0 The interrupt request is enabled.

1 The interrupt request is disabled.

19 Interrupt mask register 19
IMR19
0 The interrupt request is enabled.

1 The interrupt request is disabled.

18 Interrupt mask register 18
IMR18
0 The interrupt request is enabled.

1 The interrupt request is disabled.

17 Interrupt mask register 17
IMR17
0 The interrupt request is enabled.

1 The interrupt request is disabled.

16 Interrupt mask register 16
IMR16
0 The interrupt request is enabled.

1 The interrupt request is disabled.

15 Interrupt mask register 15
IMR15
0 The interrupt request is enabled.

1 The interrupt request is disabled.

14 Interrupt mask register 14
IMR14
0 The interrupt request is enabled.

1 The interrupt request is disabled.

13 Interrupt mask register 13
IMR13
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)

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

Field Description
12 Interrupt mask register 12
IMR12
0 The interrupt request is enabled.
1 The interrupt request is disabled.
11 Interrupt mask register 11
IMR11
0 The interrupt request is enabled.
1 The interrupt request is disabled.
10 Interrupt mask register 10
IMR10
0 The interrupt request is enabled.
1 The interrupt request is disabled.
9 Interrupt mask register 9
IMR9
0 The interrupt request is enabled.
1 The interrupt request is disabled.
8 Interrupt mask register 8
IMR8
0 The interrupt request is enabled.
1 The interrupt request is disabled.
7 Interrupt mask register 7
IMR7
0 The interrupt request is enabled.
1 The interrupt request is disabled.
6 Interrupt mask register 6
IMR6
0 The interrupt request is enabled.
1 The interrupt request is disabled.
5 Interrupt mask register 5
IMR5
0 The interrupt request is enabled.
1 The interrupt request is disabled.
4 Interrupt mask register 4
IMR4
0 The interrupt request is enabled.
1 The interrupt request is disabled.
3 Interrupt mask register 3
IMR3
0 The interrupt request is enabled.
1 The interrupt request is disabled.
2 Interrupt mask register 2
IMR2
0 The interrupt request is enabled.
1 The interrupt request is disabled.
1 Interrupt mask register 1
IMR1

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

Field Description

0 Interrupt mask register O
IMRO
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_FFCOh base + 10h offset = FFFF_FFDOh

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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 Force level 1 interrupt
LvL

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

5 Force level 2 interrupt
LvL2
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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INTC_FRC field descriptions (continued)

Field Description

4 Force level 3 interrupt
LVL3
0 Negates the forced level 3 interrupt request.

1 Forces a level 3 interrupt request.

3 Force level 4 interrupt
LVL4
0 Negates the forced level 4 interrupt request.

1 Forces a level 4 interrupt request.

2 Force level 5 interrupt
LVL5
0 Negates the forced level 5 interrupt request.

1 Forces a level 5 interrupt request.

1 Force level 6 interrupt
LVL6
0 Negates the forced level 6 interrupt request.

1 Forces a level 6 interrupt request.

0 Force level 7 interrupt
LVL7
0 Negates the forced level 7 interrupt request.

1 Forces a level 7 interrupt request.

15.4.4 INTC Programmable Level 6 Priority Registers (INTC_PL6Pn)

The level seven interrupt requests cannot have their levels reassigned. However, any of
the remaining peripheral interrupt requests can be reassigned as the highest priority
maskable requests using these two registers (INTC_PL6P7 and INTC_PL6P6). The
vector number associated with the interrupt requests does not change. Rather, only the
interrupt request's level and priority are altered, based on the contents of the
INTC_PL6P{7,6} registers.

NOTE
The requests associated with the INTC_FRC register have a
fixed level and priority that cannot be altered.

The INTC_PL6P7 register specifies the highest-priority, maskable interrupt request that
is defined as the level six, priority seven request. The INTC_PL6P6 register specifies the
second-highest-priority, maskable interrupt request defined as the level six, priority six
request. Reset clears both registers, disabling any request re-mapping.

For an example of the use of these registers, see Using INTC_PL6P{7,6} Registers.
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Address: FFFF_FFCOh base + 18h offset + (1d x i), where i=0d to 1d

Bit 7 6 5 4 | 3 2 1 0
Read 0 REQN
Write
Reset 0 0 0 o | o 0 0 0

INTC_PL6Pn field descriptions

Field Description
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Request number
REQN

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
(Ob110). The INTC_WCR is enabled with a mask level of O as the default after reset.

2. Execute a stop instruction to place the processor into wait or stop mode.

. 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.

W

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_FFCOh base + 1Bh offset = FFFF_FFDBh

Bit 7 6 5 4 | 3 2 1 0
Read | gnp MASK
Write
Reset 1 0 0 0 0 0 0 0
INTC_WCR field descriptions
Field Description
7 Enable wakeup signal
ENB
0 Wakeup signal disabled.
1 Enables the assertion of the combinational wakeup signal to the clock generation logic.
6-3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2-0 Interrupt mask level
MASK

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_FFCOh base + 1Ch offset = FFFF_FFDCh

Bit 7 6 5 4 3 2 1 0
Read

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

Field Description
7 This field is reserved.
Reserved
6 Set all
SALL

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

0 Setonly those bits specified in the SIMR field.
1 Setall bits in INTC_IMR({H,L} register. The SIMR field is ignored.

5-0 Set IMR
SIMR

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_FFCOh base + 1Dh offset = FFFF_FFDDh

Bit 7 6 5 4 3 2 1 0
Read
Write
Reset 0 0 0 o | o 0 0 0
INTC_CIMR field descriptions
Field Description
7 This field is reserved.
Reserved
6 Clear all
CALL

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

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_FFCOh base + 1Eh offset = FFFF_FFDEh

Bit 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 o | o 0 0 0
INTC_SFRC field descriptions
Field Description
7-6 This field is reserved.
Reserved
5-0 For data values within the 56—-62 range, the corresponding bit in the INTC_FRC register is set, as defined
SET 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[LVLE] is set
111010 Bit 58, INTC_FRC[LVL5] is set
111011 Bit 59, INTC_FRC[LVLA4] 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_FFCOh base + 1Fh offset = FFFF_FFDFh

Bit 7 6 5 4 3 2 1 0
Read
Write Reserved CLR
Reset 0 0 0 o | o 0 0 0
INTC_CFRC field descriptions
Field Description
7-6 This field is reserved.
Reserved
5-0 For data values within the 56—62 range, the corresponding bit in the INTC_FRC register is cleared, as
CLR 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_FRCI[LVL7] is cleared
111001 Bit 57, INTC_FRCJLVLS] is cleared
111010 Bit 58, INTC_FRCILVL5] is cleared
111011  Bit 59, INTC_FRCI[LVL4] is cleared
111100 Bit 60, INTC_FRC[LVL3] is cleared
111101 Bit 61, INTC_FRCI[LVL2] is cleared
111110 Bit 62, INTC_FRCJ[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_FFCOh base + 20h offset = FFFF_FFEOh

Bit 7 6 5 4 | 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0
INTC_SWIACK field descriptions
Field Description
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6-0 Vector number
VECN
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_FFCOh base + 24h offset + (4d x i), where i=0d to 6d

Bit 7 6 5 4 | 3 2 1 0
Read
Write
Reset 0 0 0 1 1 0 0 0
INTC_LVLnIACK field descriptions
Field Description
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6-0 Vector number
VECN
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.
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15.5.1 Handling of Non-Maskable Level 7 Interrupt Requests

In this context of this discussion, the non-maskable level 7 interrupt requests refer only to
the masking capability provided by the processor's SR[I] field. The ability to mask
individual interrupt requests using the interrupt controller's IMR is always available,
regardless of the level of a particular interrupt request.

The CPU treats level 7 interrupts as non-maskable, edge-sensitive requests, while levels 1
through 6 are maskable, level-sensitive requests. As a result of this definition, level 7
interrupt requests are a special case. The edge-sensitive nature of these requests means
the encoded 3-bit level input from the CF1_INTC to the V1 ColdFire core must change
state before the CPU detects an interrupt. A non-maskable interrupt (NMI) is generated
each time the encoded interrupt level changes to level 7 (regardless of the SR[I] field)
and each time the SR[I] mask changes from 7 to a lower value while the encoded request
level remains at 7.

15.6 Initialization Information

The reset state of the CF1_INTC module enables the default IRQ mappings and clears
any software-forced interrupt requests (INTC_FRC is cleared). Immediately after reset,
the CF1_INTC begins its cycle-by-cycle evaluation of any asserted interrupt requests and
forms the appropriate encoded interrupt level and vector information for the V1 ColdFire
processor core. The ability to mask individual interrupt requests using the interrupt
controller's IMR is always available, regardless of the level of a particular interrupt
request.

15.7 Application Information

This section discusses three application topics: emulation of the HCS08's one level
interrupt nesting structure, elevating the priority of two IRQs, and more details on the
operation of the software interrupt acknowledge (SWIACK) mechanism.

15.7.1 Emulation of the HCS08's 1-Level IRQ Handling

As noted in Table 10-7, the HCSO8 architecture specifies a 1-level IRQ nesting
capability. Interrupt masking is controlled by CCR[I], the interrupt mask flag: clearing
CCR[I] enables interrupts, while setting CCR[I] disables interrupts. The ColdFire
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architecture defines seven interrupt levels, controlled by the 3-bit interrupt priority mask
field in the status register, SR[I], and the hardware automatically supports nesting of
interrupts.

To emulate the HCSO08's 1-level IRQ capabilities on V1 ColdFire, only two SR[I] settings
are used:

* Writing 0 to SR[I] enables interrupts.
* Writing 7 to SR[I] disables interrupts.

The ColdFire core treats the level seven requests as non-maskable, edge-sensitive
interrupts.

ColdFire processors inhibit interrupt sampling during the first instruction of all exception
handlers. This allows any handler to effectively disable interrupts, if necessary, by raising
the interrupt mask level contained in the status register as the first instruction in the ISR.
In addition, the V1 instruction set architecture (ISA_C) includes an instruction
(STLDSR) that stores the current interrupt mask level and loads a value into the SR. This
instruction is specifically intended for use as the first instruction of an interrupt service
routine that services multiple interrupt requests with different interrupt levels. For more
details see the ColdFire Family Programmer's Reference Manual. A MOVE-to-SR
instruction also performs a similar function.

To emulate the HCSO08's 1-level IRQ nesting mechanisms, the ColdFire implementation
enables interrupts by clearing SR[I] (typically when using RTE to return to a process) and
disables interrupts upon entering every interrupt service routine by one of three methods:

1. Execution of STLDSR #0x2700 as the first instruction of an ISR.
2. Execution of MOVE.w #0x2700,SR as the first instruction of an ISR.

3. Static assertion of CPUCR[IME] that forces the processor to load SR[I] with seven
automatically upon the occurrence of an interrupt exception. Because this method
removes the need to execute multi-cycle instructions of #1 or #2, this approach
improves system performance.

15.7.2 Using INTC_PL6P{7,6} Registers

The INTC Programmable Level 6, Priority {7,6} registers (INTC_PL6P{7,6}) provide
the ability to dynamically alter the request level and priority of two IRQs. Specifically,
these registers provide the ability to reassign two IRQs to be the highest level 6
(maskable) requests. Consider the following example.
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Suppose the system operation desires to remap the receive and transmit interrupt requests
of a serial communication device (SCI1) as the highest two maskable interrupts. The
default assignments for the SCI1 transmit and receive interrupts are:

e scil_rx = interrupt source 13 (0Dh) = vector 77 = level 24, priority 6
* scil_tx = interrupt source 14 (OEh) = vector 78 = level 24, priority 5

To remap these two requests, the INTC_PL6P{7,6} registers are programmed with the
desired interrupt source number:

 Setting INTC_PL6P7 to 13 (ODh), remaps scil_rx as level 6, priority 7.
 Setting INTC_PL6P6 to 14 (OEh), remaps scil_tx as level 6, priority 6.

The reset state of the INTC_PL6P{7,6} registers disables any request remapping.

15.7.3 More on Software IACKs

As previously mentioned, 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 system performance noticeably.

To illustrate this concept, consider the following ISR code snippet shown in Figure
15-22.
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align 4

irgxx_entry:
00588: 4fef fff0 lea -16 (sp) ,sp # allocate stack space
0058c: 48d7 0303 movem.l #0x0303, (sp) # save d0/dl/a0/al on stack

irgxx alternate_entry:
00590:

irgxx_swiack:

005c0: 71b8 ffe0 mvz.b INTC_SWIACK.w,doO # perform software IACK
005c4: 0c00 0041 cmpi.b #0x41,d0 # pending IRQ or level 7°?
005c8: 6f0a ble.b irgxx exit # no pending IRQ, then exit
005ca: 91cs8 sub.1l a0, a0 # clear a0
005¢cc: 2270 0c00 move.l 0(a0,d0.1%4),al # fetch pointer from xcpt table
005d0: 4ee9 0008 Jjmp 8 (al) # goto alternate isr entry point
align 4
irgxx_exit:
005d4: 4cd7 0303 movem.l (sp),#0x0303 # restore d0/dl/a0/al
005d8: 4fef 0010 lea 16 (sp),sp # deallocate stack space
005dc: 4e73 rte # return from handler

Figure 15-22. ISR Code Snippet with SWIACK

This snippet includes the prologue and epilogue for an interrupt service routine as well as
code needed to perform software IACK.

At the entry point (irgxx_entry), there is a two-instruction prologue to allocate space on
the supervisor stack to save the four volatile registers (d0, d1, a0, al) defined in the
ColdFire application binary interface. After saving these registers, the ISR continues at
the alternate entry point.

The software IACK is performed near the end of the ISR, after the source of the current
interrupt request is negated. First, the appropriate memory-mapped byte location in the
interrupt controller is read (PC = 0x5C0). The CF1_INTC module returns the vector
number of the highest priority pending request. If no request is pending, zero is returned.
The compare instruction is needed to manage a special case involving pending level
seven requests. Because the level seven requests are non-maskable, the ISR is interrupted
to service one of these requests. To avoid any race conditions, this check ignores the level
seven vector numbers. The result is the conditional branch (PC = 0x5C8) is taken if there
are no pending requests or if the pending request is a level seven.

If there is a pending non-level seven request, execution continues with a three instruction
sequence to calculate and then branch to the appropriate alternate ISR entry point. This
sequence assumes the exception vector table is based at address 0x(00)00_0000 and that
each ISR uses the same two-instruction prologue shown here. The resulting alternate
entry point is a fixed offset (8 bytes) from the normal entry point defined in the exception
vector table.

The ISR epilogue includes a three instruction sequence to restore the volatile registers
from the stack and return from the interrupt exception.
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This example is intentionally simple, but does show how performing the software IACK
and passing control to an alternate entry point when there is a pending but masked

interrupt request can avoid the execution of the ISR epilogue, another interrupt exception,
and the ISR prologue.
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Chapter 16
Low Leakage Wakeup Unit (LLWU)

16.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

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 both LLS and 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
LLS or VLLS. See the chip configuration information for wakeup input sources for
this device.
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» External pin wakeup inputs, each of which is programmable as falling-edge, rising-
edge, or any change
» Wakeup inputs that are activated if enabled after MCU enters a low-leakage power
mode N
» Optional digital filters provided to qualify an external pin detect and RESET pin
detect.

16.1.2 Modes of operation

The LLWU module becomes functional on entry into a low-leakage power mode. After
recovery from LLS, the LLWU is immediately disabled. After recovery from VLLS, the
LLWU continues to detect wakeup events until the user has acknowledged the wakeup
via a write to the PMC_REGSC[ACKISO] bit.

16.1.2.1 LLS mode

The LLWU module provides up to 16 external wakeup inputs and up to 8 internal module
wakeup inputs. An LLS reset event can be initiated via assertion of the RESET pin.

Wakeup events due to external wakeup inputs and internal module wakeup inputs result
in an interrupt flow when exiting LLS. A reset event due to RESET pin assertion results
in a reset flow when exiting LLS.

NOTE
The LLWU interrupt must not be masked by the interrupt
controller to avoid a scenario where the system does not fully
exit Stop mode on an LLS recovery.

16.1.2.2 VLLS modes

The LLWU module provides up to 16 external wakeup inputs and up to 8 internal module
wakeup inputs. A VLLS reset event can be initiated via assertion of the RESET pin. All
wakeup and reset events result in VLLS exit via a reset flow.

16.1.2.3 Non-low leakage modes

The LLWU is not active in all non-low leakage modes where detection and control logic
are in a static state. The LLWU registers are accessible in non-low leakage modes and are
available for configuring and reading status when bus transactions are possible.
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When theRESET pin filter or wakeup pin filters are enabled, filter operation begins
immediately. If a low leakage mode is entered within 5 LPO clock cycles of an active
edge, the edge event will be detected by the LLWU. For RESET pin filtering, this means
that there is no restart to the minimum LPO cycle duration as the filtering transitions
from a non-low leakage filter, which is implemented in the RCM, to the LLWU filter.

16.1.2.4 Debug mode

When the chip is in Debug mode and then enters LLS or a VLLSx mode, no debug logic
works in the fully-functional low-leakage mode. Upon an exit from the LLS or VLLSx
mode, the LLWU becomes inactive. If the exit is from a VLLSx mode, the wakeup did
not occur via the RESET pin, and the SIM's SOPT4[VLLDBGREQ)] bit is set to 1, the
debug logic becomes active again upon the exit from the VLLSx mode.

16.1.3 Block diagram
The following figure is the block diagram for the LLWU module.
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Figure 16-1. LLWU block diagram

16.2 LLWU signal descriptions

The signal properties of LLWU are shown in the following table. The external wakeup
input pins can be enabled to detect either rising-edge, falling-edge, or on any change.

Table 16-1. LLWU signal descriptions

Signal Description /0
LLWU_Pn Wakeup inputs (n = 0-15) |
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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

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

I;ZZC:::: Register name (ivr\rli:itt:) Access | Reset value S‘;‘:;Zn/
(hex)
FFFF_80B0 |LLWU Pin Enable 1 register (LLWU_PE1) 8 R/W 00h 16.3.1/344
FFFF_80B1 |LLWU Pin Enable 2 register (LLWU_PE2) 8 R/W 00h 16.3.2/345
FFFF_80B2 |LLWU Pin Enable 3 register (LLWU_PE3) 8 R/W 00h 16.3.3/346
FFFF_80B3 |LLWU Pin Enable 4 register (LLWU_PE4) 8 R/W 00h 16.3.4/347
FFFF_80B4 |LLWU Module Enable register (LLWU_ME) 8 R/W 00h 16.3.5/348
FFFF_80B5 |LLWU Flag 1 register (LLWU_F1) 8 R/W 00h 16.3.6/350
FFFF_80B6 |LLWU Flag 2 register (LLWU_F2) 8 R/W 00h 16.3.7/351
FFFF_80B7 |LLWU Flag 3 register (LLWU_F3) 8 R 00h 16.3.8/353
FFFF_80B8 |LLWU Pin Filter 1 register (LLWU_FILT1) 8 R/W 00h 16.3.9/355
FFFF_80B9 |LLWU Pin Filter 2 register (LLWU_FILT2) 8 R/W 00h 16.3.10/356
FFFF_80BA |LLWU Reset Enable register (LLWU_RST) 8 R/W 02h 16.3.11/357
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16.3.1 LLWU Pin Enable 1 register (LLWU_PE1)

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

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_80B0h base + Oh offset = FFFF_80BO0h

Bit 7 6 5 4 3 1 0
Read
Write WUPE3 WUPE2 WUPEH1 WUPEO
Reset 0 0 0 0 0 0 0
LLWU_PE1 field descriptions
Field Description
7-6 Wakeup Pin Enable For LLWU_P3
WUPE3
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 Wakeup Pin Enable For LLWU_P2
WUPE2
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 Wakeup Pin Enable For LLWU_P1
WUPEH1
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 Wakeup Pin Enable For LLWU_PO
WUPEO
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

Table continues on the next page...
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LLWU_PEH1 field descriptions (continued)

Field

Description

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_PEZ2)

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_80B0Oh base + 1h offset = FFFF_80B1h

Bit 7 6 5 4 3 2 1 0
Read
Write WUPE7 WUPEG6 WUPES5 WUPE4
Reset 0 0 0 0 0 0 0 0
LLWU_PE2 field descriptions
Field Description
7-6 Wakeup Pin Enable For LLWU_P7
WUPE7
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 Wakeup Pin Enable For LLWU_P6
WUPES6
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 Wakeup Pin Enable For LLWU_P5
WUPES5
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

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

Field Description

10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

1-0 Wakeup Pin Enable For LLWU_P4
WUPE4

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_PES3 contains the field to enable and select the edge detect type for the external
wakeup input pins LLWU_P11-LLWU_PS.

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_80BO0h base + 2h offset = FFFF_80B2h

Bit 7 6 5 4 3 2 1 0
Read
Write WUPE11 WUPE10 WUPE9 WUPES8
Reset 0 0 0 0 0 0 0 0
LLWU_PES field descriptions
Field Description
7-6 Wakeup Pin Enable For LLWU_P11
WUPE11

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 Wakeup Pin Enable For LLWU_P10
WUPE10

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

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

Field Description

10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

3-2 Wakeup Pin Enable For LLWU_P9
WUPE9

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 Wakeup Pin Enable For LLWU_P8
WUPES8

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_80B0h base + 3h offset = FFFF_80B3h

Bit 7 6 5 4 3 2 1 0
fead WUPE15 WUPE14 WUPE13 WUPE12
Reset 0 0 0 0 0 0 0 0

LLWU_PE4 field descriptions
Field Description
7-6 Wakeup Pin Enable For LLWU_P15
WUPE15

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

Table continues on the next page...
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LLWU_PE4 field descriptions (continued)

Field

Description

10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

5-4
WUPE14

Wakeup Pin Enable For LLWU_P14
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
WUPE13

Wakeup Pin Enable For LLWU_P13
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
WUPE12

Wakeup Pin Enable For LLWU_P12
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

16.3.5 LLWU Module Enable register (LLWU_ME)

LLWU_ME contains the bits to enable the internal module flag as a wakeup input source
for inputs MWUF7-MWUFO.

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_80B0h base + 4h offset = FFFF_80B4h

Bit
Read
Write

Reset

7

6

5

WUME7

WUME6

WUMES

WUME4

WUME3

WUME2

WUME1

WUMEO

0

0

0
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LLWU_ME field descriptions

Field Description

7 Wakeup Module Enable For Module 7
WUME7

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 Wakeup Module Enable For Module 6
WUME®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 Wakeup Module Enable For Module 5
WUMES5

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 Wakeup Module Enable For Module 4
WUME4

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 Wakeup Module Enable For Module 3
WUME3

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 Wakeup Module Enable For Module 2
WUME2

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 Wakeup Module Enable for Module 1
WUMEH1

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 Wakeup Module Enable For Module 0
WUMEO

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
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16.3.6 LLWU Flag 1 register (LLWU_F1)

LLWU_F]1 contains the wakeup flags indicating which wakeup source caused the MCU
to exit LLS or VLLS mode. For LLS, this is the source causing the CPU interrupt flow.
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_80B0h base + 5h offset = FFFF_80B5h

Bit 7 6 5 4 3 2 1 0
Read WUF7 WUF6 WUF5 WUF4 WUF3 WUF2 WUF1 WUFO0
Write wic wic wic wic wic wic wic wic
Reset 0 0 0 0 0 0 0 0

LLWU_F1 field descriptions

Field Description

7 Wakeup Flag For LLWU_P7
WUF7

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 Wakeup Flag For LLWU_P6
WUF6

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_PS6 input was a wakeup source

5 Wakeup Flag For LLWU_P5
WUF5

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 WUF5.

0 LLWU_PS input was not a wakeup source
1 LLWU_PS5 input was a wakeup source

Table continues on the next page...
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LLWU_F1 field descriptions (continued)

Field Description
4 Wakeup Flag For LLWU_P4
WUF4
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 WUF4.
0 LLWU_P4 input was not a wakeup source
1 LLWU_P4 input was a wakeup source
3 Wakeup Flag For LLWU_P3
WUF3
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 WUF3.
0 LLWU_PS input was not a wakeup source
1 LLWU_PS3 input was a wakeup source
2 Wakeup Flag For LLWU_P2
WUF2
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 WUF2.
0 LLWU_P2 input was not a wakeup source
1 LLWU_P2 input was a wakeup source
1 Wakeup Flag For LLWU_P1
WUFA1
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 WUF1.
0 LLWU_P1 input was not a wakeup source
1 LLWU_P1 input was a wakeup source
0 Wakeup Flag For LLWU_PO
WUFO0
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 WUFO.

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

16.3.7 LLWU Flag 2 register (LLWU_F2)

LLWU_F2 contains the wakeup flags indicating which wakeup source caused the MCU
to exit LLS or VLLS mode. For LLS, this is the source causing the CPU interrupt flow.
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.
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Address: FFFF_80B0h base + 6h offset = FFFF_80B6h

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.

Bit 7 6 5 4 3 2 1 0
Read | WUF15 WUF14 WUF13 WUF12 WUF11 WUF10 WUF9 WUF8
Write wic wic wic wic wic wic wic wic
Reset 0 0 0 0 0 0 0 0

LLWU_F2 field descriptions
Field Description
7 Wakeup Flag For LLWU_P15
WUF15
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 Wakeup Flag For LLWU_P14
WUF14
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 Wakeup Flag For LLWU_P13
WUF13
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 Wakeup Flag For LLWU_P12
WUF12
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 Wakeup Flag For LLWU_P11
WUF11
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 Wakeup Flag For LLWU_P10
WUF10

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 Wakeup Flag For LLWU_P9
WUF9

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 Wakeup Flag For LLWU_P8
WUF8

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 WUFS8.

0 LLWU_PS8 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 LLS or VLLS mode. For LLS, this is the source causing the CPU interrupt
flow. 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_80B0h base + 7h offset = FFFF_80B7h

Bit 7 6 5 4 | 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0
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LLWU_FS3 field descriptions

Field Description

7 Wakeup flag For module 7
MWUF7
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 7 input was not a wakeup source
1 Module 7 input was a wakeup source

6 Wakeup flag For module 6
MWUF6
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 6 input was not a wakeup source
1 Module 6 input was a wakeup source

5 Wakeup flag For module 5
MWUF5
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 5 input was not a wakeup source
1 Module 5 input was a wakeup source

4 Wakeup flag For module 4
MWUF4
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 4 input was not a wakeup source
1 Module 4 input was a wakeup source

3 Wakeup flag For module 3
MWUF3
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 3 input was not a wakeup source
1 Module 3 input was a wakeup source

2 Wakeup flag For module 2
MWUF2
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 2 input was not a wakeup source
1 Module 2 input was a wakeup source

1 Wakeup flag For module 1
MWUFA1
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 1 input was not a wakeup source
1 Module 1 input was a wakeup source

0 Wakeup flag For module 0
MWUFO

Table continues on the next page...
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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_FILTI1 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_80B0h base + 8h offset = FFFF_80B8h

Bit 7 6 5 4 | 3 2 1 0
Read FILTF 0
FILTE FILTSEL
Write wic
Reset 0 0 0 0 0 0 0 0

LLWU_FILT1 field descriptions

Field Description

7 Filter Detect Flag

FILTF
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 Digital Filter On External Pin
FILTE

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 This field is reserved.
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_PO for filter

1111 Select LLWU_P15 for filter

16.3.10 LLWU Pin Filter 2 register (LLWU_FILT2)

LLWU_FILT?2 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_80B0h base + 9h offset = FFFF_80B9h

Bit 7 6 5 4 | 3 2 1 0
Read FILTF 0
FILTE FILTSEL
Write wic
Reset 0 0 0 0 0 0 0 0
LLWU_FILT2 field descriptions
Field Description
7 Filter Detect Flag
FILTF
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 Digital Filter On External Pin
FILTE
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 This field is reserved.
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 Filter Pin Select
FILTSEL
Selects 1 out of the 16 wakeup pins to be muxed into the filter.

0000 Select LLWU_PO 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_80B0h base + Ah offset = FFFF_80BAh

Bit 7 6 5 4 | 3 2 1 0
Read LLRSTE | RSTFILT
Write
Reset 0 0 0 0 0 0 1 0
LLWU_RST field descriptions
Field Description
7-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 Low-Leakage Mode RESET Enable
LLRSTE

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

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 Digital Filter On RESET Pin
RSTFILT
Enables the digital filter for the RESET pin during LLS, VLLS3, VLLS2, or VLLS1 modes.

0 Filter not enabled
1 Filter enabled
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16.4 Functional description

This on-chip peripheral module is called a low-leakage wakeup unit (LLWU) module
because it allows internal peripherals and external input pins as a source of wakeup from
low-leakage modes. It is operational only in LLS and VLLSx modes.

The LLWU module contains pin enables for each external pin and internal module. For
each external pin, the user can disable or select the edge type for the wakeup. Type
options are:

* Falling-edge
» Rising-edge
 Either-edge

When an external pin is enabled as a wakeup source, the pin must be configured as an
input pin.

The LLWU implements optional 3-cycle glitch filters, based on the LPO clock. A
detected external pin, either wakeup or RESET, is required to remain asserted until the
enabled glitch filter times out. Additional latency of up to 2 cycles is due to
synchronization, which results in a total of up to 5 cycles of delay before the detect
circuit alerts the system to the wakeup or reset event when the filter function is enabled.
Two wakeup detect filters are available to detect up to two external pins. A separate reset
filter is on the RESET pin. Glitch filtering is not provided on the internal modules.

For internal module wakeup operation, the WUMEX bit enables the associated module as
a wakeup source.

16.4.1 LLS mode

Wakeup events triggered from either an external pin input or an internal module input
result in a CPU interrupt flow to begin user code execution.

An LLS reset event due to RESET pin assertion causes an exit via a system reset. State
retention data is lost, and the I/O states return to their reset state. The
RCM_SRS[WAKEUP] and RCM_SRS[PIN] bits are set and the system executes a reset
flow before CPU operation begins with a reset vector fetch.

MCF51QM128 Reference Manual, Rev. 4, 08/2012

358 Freescale Semiconductor, Inc.




4
Chapter 16 Low Leakage Wakeup Unit (LLWU)

16.4.2 VLLS modes

In the case of a wakeup due to external pin or internal module wakeup, recovery is
always via a reset flow and the RCM_SRS[WAKEUP] is set indicating the low-leakage
mode was active. State retention data is lost and I/O will be restored after
PMC_REGSC[ACKISO] has been written.

A VLLS exit event due to RESET pin assertion causes an exit via a system reset. State
retention data is lost and the I/O states immediately return to their reset state. The
RCM_SRS[WAKEUP] and RCM_SRS[PIN] bits are set and the system executes a reset
flow before CPU operation begins with a reset vector fetch.

16.4.3 Initialization

For an enabled peripheral wakeup input, the peripheral flag must be cleared by software
before entering LLS or VLLSx mode to avoid an immediate exit from the mode.

Flags associated with external input pins, filtered and unfiltered, must also be cleared by
software prior to entry to LLS or VLLSx mode.

After enabling an external pin filter or changing the source pin, wait at least 5 LPO clock
cycles before entering LLS or VLLSx mode to allow the filter to initialize.

NOTE

After recovering from a VLLS mode, user must restore chip
configuration before clearing ACKISO. In particular, pin
configuration for enabled LLWU wakeup pins must be restored
to avoid any LLWU flag from being falsely set when ACKISO
is cleared.

The signal selected as a wakeup source pin must be a digital
pin, as selected in the pin mux control.
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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.

RCM memory map

Absolute i i
address Register name (ivrrllgitt';) Access | Reset value Se(;t':n/

(hex) pag
FFFF_8110 |System Reset Status Register 0 (RCM_SRSO0) 8 R 82h 17.2.1/361
FFFF_8111 |System Reset Status Register 1 (RCM_SRSH1) 8 R 00h 17.2.2/363
FFFF_8114 |Reset Pin Filter Control register (RCM_RPFC) 8 R/W 00h 17.2.3/364
FFFF_8115 |Reset Pin Filter Width register (RCM_RPFW) 8 R/W 00h 17.2.4/365
FFFF_8117 |Mode Register (RCM_MR) 8 R 00h 17.2.5/367

17.2.1 System Reset Status Register 0 (RCM_SRSO0)

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
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e LVD (without POR) — 0x02
* LLS or VLLS mode wakeup due to RESET pin assertion
— 0x41
e LLS or 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_8110h base + Oh offset = FFFF_8110h

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_SRSO field descriptions
Field Description
7 Power-On Reset
POR

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 External Reset Pin
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 Watchdog
WDOG

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 lllegal opcode

ILOP
Indicates a reset has been caused by an attempt to execute an unimplemented or illegal opcode. The

STOP instruction is considered illegal if stop is disabled by ((SOPT4[STOPE] = 0) && (SOPT4[WAITE] =
0)) in the SIM. The HALT instruction is considered illegal if the BDM interface is disabled by
XCSR[ENBDM] = 0.

0 Reset not caused by an illegal opcode
1 Reset caused by an illegal opcode

3 lllegal address
ILAD

Indicates a reset has been caused by an attempt to access an illegal address in the memory map.

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

Field

Description

0 Reset not caused by an illegal access
1 Reset caused by an illegal access

LOC

Loss-of-Clock Reset

Indicates a reset has been caused by a loss of external clock. The MCG clock monitor must be enabled
for a loss of clock to be detected. Refer to the detailed MCG description for information on enabling the
clock monitor.

0 Reset not caused by a loss of external clock.
1 Reset caused by a loss of external clock.

LVD

Low-Voltage Detect Reset

If the LVDRE bit is set and the supply drops below the LVD trip voltage, an LVD reset occurs. This bit is
also set by POR.

0 Reset not caused by LVD trip or POR
1 Reset caused by LVD trip or POR

0
WAKEUP

Low Leakage Wakeup Reset

Indicates a reset has been caused by an enabled LLWU module wakeup source while the chip was in a
low leakage mode. In LLS mode, the RESET pin is the only wakeup source that can cause this reset. Any
enabled wakeup source in a VLLSx mode causes a reset. This bit is cleared by any reset except
WAKEUP.

0 Reset not caused by LLWU module wakeup source
1 Reset caused by LLWU module wakeup source

17.2.2 System Reset Status Register 1 (RCM_SRS1)

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) — 0x00

LVD (without POR) — 0x00

LLS mode exit wakeup via RESET pin or any exit from
VLLSx modes) VLLS mode wakeup — 0x00

Other reset — a bit is set if its corresponding reset source
caused the reset
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Address: FFFF_8110h base + 1h offset = FFFF_8111h

Bit 7 6 5 4 | 3 2 1
Read
Write
Reset 0 0 0 0 0 0 0 0
RCM_SRSH1 field descriptions
Field Description
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 Stop Mode Acknowledge Error Reset
SACKERR

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 EzPort Reset
EZPT

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 Background Debug Force Reset
BDFR
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 This field is reserved.

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

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

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

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.
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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_8110h base + 4h offset = FFFF_8114h

Bit 7 6 5 4 | 3 2 1 0
Read RSTFLTSS RSTFLTSRW
Write
Reset 0 0 0 0 0 0 0 0
RCM_RPFC field descriptions

Field Description
7-3 This field is reserved.

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

2 Reset Pin Filter Select in Stop Mode
RSTFLTSS

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

0 Allfiltering disabled
1 LPO clock filter enabled

1-0 Reset Pin Filter Select in Run and Wait Modes
RSTFLTSRW

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

00 Allfiltering disabled

01 Bus clock filter enabled for normal operation
10 LPO clock filter enabled for normal operation
11 Reserved

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_8110h base + 5h offset = FFFF_8115h

Bit 7 6 5 4 | 3 2 1 0
Read 0 RSTFLTSEL
Write
Reset 0 0 0 o | o 0 0 0
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RCM_RPFW field descriptions

Field Description
7-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4-0 Reset Pin Filter Bus Clock Select
RSTFLTSEL

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
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
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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_8110h base + 7h offset = FFFF_8117h

Bit 7 6 5 4 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0
RCM_MR field descriptions
Field Description
7-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 EZP_MS_B pin state
EZP_MS

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_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
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

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
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(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.

Depending on the needs of the user application, a variety of stop modes are available that
allow the 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. Several registers are used to
configure the various modes of operation for the device.

The following table describes the power modes available for the device.

Table 18-1. Power modes

Mode Description

RUN The MCU can be run at full speed and the internal supply is fully regulated, that is, in run regulation.
This mode is also referred to as Normal Run mode.

WAIT The core clock is gated off. The system clock continues to operate. Bus clocks, if enabled, continue
to operate. Run regulation is maintained.

STOP The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid.

VLPR The core, system, bus, and flash clock maximum frequencies are restricted in this mode. See the
Power Management chapter for details about the maximum allowable frequencies.

VLPW The core clock is gated off. The system, bus, and flash clocks continue to operate, although their
maximum frequency is restricted. See the Power Management chapter for details on the maximum
allowable frequencies.

VLPS The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid.

LLS The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid. The MCU is placed in a low
leakage mode by reducing the voltage to internal logic. Internal logic states are retained.

VLLS3 The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid. The MCU is placed in a low
leakage mode by powering down the internal logic. All system RAM contents are retained and 1/0
states are held. Internal logic states are not retained.

VLLS2 The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid.The MCU is placed in a low leakage
mode by powering down the internal logic and the system RAM3 partition. The system RAM2
partition can be optionally retained using VLLSCTRL[RAM2PO]. The system RAM1 partition
contents are retained in this mode. Internal logic states are not retained.

VLLS1 The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid. The MCU is placed in a low
leakage mode by powering down the internal logic and all system RAM. I/O states are held. Internal
logic states are not retained.

1. See the devices' chip configuration details for the size and location of the system RAM partitions.
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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. For more information about the types of reset on this chip, refer to the Reset
details.

SMC memory map

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
FFFF_8118 |Power Mode Protection register (SMC_PMPROT) 8 R/W 00h 18.3.1/371
FFFF_8119 |Power Mode Control register (SMC_PMCTRL) 8 R/W 00h 18.3.2/372
FFFF_811A |VLLS Control register (SMC_VLLSCTRL) 8 R/W 03h 18.3.3/374
FFFF_811B |Power Mode Status register (SMC_PMSTAT) 8 R 01h 18.3.4/375

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. See the Reset
details for more information.

Address: FFFF_8118h base + Oh offset = FFFF_8118h

Bit 7 6 5 4 | 3 2 1 0
Read 0 AVLP 0 ALLS 0 AVLLS 0
Write
Reset 0 0 0 0 0 0 0 0
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SMC_PMPROT field descriptions

Field Description
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 Allow Very-Low-Power Modes
AVLP
Provided the appropriate control bits are set up in PMCTRL, this write-once bit allows the MCU to enter
any very-low-power modes: VLPR, VLPW, and VLPS.
0 VLPR, VLPW and VLPS are not allowed
1 VLPR, VLPW and VLPS are allowed
4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3 Allow Low-Leakage Stop Mode
ALLS
This write once bit allows the MCU to enter any low-leakage stop mode (LLS), provided the appropriate
control bits are set up in PMCTRL.
0 LLSis not allowed
1 LLSis allowed
2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 Allow Very-Low-Leakage Stop Mode
AVLLS
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 (VLLSKX).
0 Any VLLSx mode is not allowed
1 Any VLLSx mode is allowed
0 This field is reserved.
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. See the Reset details
for more information.
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Address: FFFF_8118h base + 1h offset = FFFF_8119h

Bit

7 6 5 4 | 3 2 1 0

Read
Write

LPWUI

RUNM

Reset

0 0 0 0 0 0 0 0

SMC_PMCTRL field descriptions

Field

Description

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 must be set to VLPR only when PMSTAT=RUN. After being written to VLPR, RUNM
should not be written back to RUN until PMSTAT=VLPR.

NOTE: RUNM must be set to RUN only when PMSTAT=VLPR. After being written to RUN, RUNM
should not be written back to VLPR until PMSTAT=RUN.

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 VLLSM bits in the VLLSCTRL register is used to further select the
particular VLLS submode which will be entered.

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

Field Description
NOTE:

000 Normal Stop (STOP)

001 Reserved

010 Very-Low-Power Stop (VLPS)
011 Low-Leakage Stop (LLS)

100 Very-Low-Leakage Stop (VLLSXx)
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. See the Reset details
for more information.

Address: FFFF_8118h base + 2h offset = FFFF_811Ah

Bit 7 6 5 4 | 3 2 1 0
Read VLLSM
Write
Reset 0 0 0 0 0 0 1 1
SMC_VLLSCTRL field descriptions
Field Description
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 RAM2 Power Option
RAM2PO
Controls powering of RAM patrtition 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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

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

Field Description

2-0 VLLS Mode Control
VLLSM

Controls which VLLS sub-mode to enter if STOPM=VLLS.

000 Reserved
001 VLLSH
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. See the Reset details
for more information.

Address: FFFF_8118h base + 3h offset = FFFF_811Bh

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 This field is reserved.
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

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

Field

Description

010_0000 Current power mode is LLS
100_0000 Current power mode is VLLS

18.4 Functional description

18.4.1 Power mode transitions

The following figure shows the power mode state transitions available on the chip. Any

reset always brings the MCU back to the normal run state.
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9
11

Figure 18-5. Power mode state diagram

The following table defines triggers for the various state transitions shown in the previous

figure.
Table 18-7. Power mode transition triggers
Transition # From To Trigger conditions
1 RUN WAIT WAITE=1,
Issue STOP instruction.
See note.!
WAIT RUN Interrupt or Reset

Table continues on the next page...
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Table 18-7. Power mode transition triggers (continued)

Transition # From To Trigger conditions
2 RUN STOP PMCTRL[RUNM]=00, PMCTRL[STOPM]=000
, STOPE=1, WAITE=0,

Issue STOP instruction.

See note.!
STOP RUN Interrupt or Reset
3 RUN VLPR The core, system, bus and flash clock frequencies are

restricted in this mode. See the Power Management chapter
for the maximum allowable frequencies.

Set PMPROT[AVLP]=1, PMCTRL[RUNM]=10.

VLPR RUN Set PMCTRL[RUNM]=00 or
Interrupt with PMCTRL[LPWUI] =1 or
Reset.
4 VLPR VLPW WAITE=1,
Issue STOP instruction.
See note.'
VLPW VLPR Interrupt with PMCTRL[LPWUI]=0
5 VLPW RUN Interrupt with PMCTRL[LPWUI]=1 or
Reset
6 VLPR VLPS PMCTRL[STOPM]=000 or 010, STOPE=1, WAITE=0,
Issue STOP instruction.
See note.’
VLPS VLPR Interrupt with PMCTRL[LPWUI]=0

NOTE: If VLPS was entered directly from RUN, hardware
will not allow this transition and will force exit back to

RUN
7 RUN VLPS PMPROT[AVLP]=1, PMCTRL[STOPM]=010, STOPE=1,
WAITE=0,
Issue STOP instruction.
See note.!
VLPS RUN Interrupt with PMCTRL[LPWUI]=1 or

Interrupt with PMCTRL[LPWUI]=0 and VLPS mode was
entered directly from RUN or

Reset

8 RUN VLLSx PMPROT[AVLLS]=1, PMCTRL[STOPM]=100,
VLLSCTRL[VLLSM]=x (VLLSx), STOPE=1, WAITE=0

Issue STOP instruction.
VLLSx RUN Wakeup from enabled LLWU input source or RESET pin

9 VLPR VLLSx PMPROT[AVLLS]=1, PMCTRL[STOPM]=100,
VLLSCTRL[VLLSM]=x (VLLSx), STOPE=1, WAITE=0

Issue STOP instruction.

Table continues on the next page...
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Table 18-7. Power mode transition triggers (continued)

Transition # From To Trigger conditions

10 RUN LLS PMPROT[ALLS]=1, PMCTRL[STOPM]=011, STOPE=1,
WAITE=0
Issue STOP instruction.

LLS RUN Wakeup from enabled LLWU input source or RESET pin.

11 VLPR LLS PMPROT[ALLS]=1, PMCTRL[STOPM]=011, STOPE=1,
WAITE=0
Issue STOP instruction.

1. If debug is enabled, the core clock remains to support debug.

18.4.2 Power mode entry/exit sequencing

When entering or exiting low-power modes, the system must conform to an orderly

sequence to manage transitions safely. The SMC manages the system's entry into and exit

from all power modes. The following diagram illustrates the connections of the SMC
with other system components in the chip that are necessary to sequence the system

through all power modes.
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Low-
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PMC low power bus
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System
Mode

Controller
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CCM low power bus
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System

Clocks
(MCG)

18.4.2.1 Stop mode entry sequence

CPU

Stop/Wait

v

Clock
Control

Module
(CCM)

Bus masters low power bus (non-CPU)

Bus slaves low power bus

Flash low power bus

Flash
Memory
Module

Figure 18-6. Low-power system components and connections

Entry into a low-power stop mode (Stop, VLPS, LLS, VLLSx) is initiated by CPU
execution of the STOP instruction. After the instruction is executed, the following

sequence occurs:

1.
2.
3.

hd

The CPU clock is gated off immediately.
Requests are made to all non-CPU bus masters to enter Stop mode.
After all masters have acknowledged they are ready to enter Stop mode, requests are

made to all bus slaves to enter Stop mode.

bus clocks are gated off.

Clock generators are disabled in the MCG.
The on-chip regulator in the PMC and internal power switches are configured to

After all slaves have acknowledged they are ready to enter Stop mode, all system and

meet the power consumption goals for the targeted low-power mode.
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18.4.2.2 Stop mode exit sequence

Exit from a low-power stop mode is initiated either by a reset or an interrupt event. The
following sequence then executes to restore the system to a run mode (RUN or VLPR):
1. The on-chip regulator in the PMC and internal power switches are restored.
2. Clock generators are enabled in the MCG.
3. System and bus clocks are enabled to all masters and slaves.
4. The CPU clock is enabled and the CPU begins servicing the reset or interrupt that
initiated the exit from the low-power stop mode.

18.4.2.3 Aborted stop mode entry

If an interrupt or a reset occurs during a stop entry sequence, the SMC can abort the
transition early and return to RUN mode without completely entering the stop mode. An
aborted entry is possible only if the reset or interrupt occurs before the PMC begins the
transition to stop mode regulation. After this point, the interrupt or reset is ignored until
the PMC has completed its transition to stop mode regulation. When an aborted stop
mode entry sequence occurs, the SMC's PMCTRL[STOPA] is set to 1.

18.4.2.4 Transition to wait modes

For wait modes (WAIT and VLPW), the CPU clock is gated off while all other clocking
continues, as in RUN and VLPR mode operation. Some modules that support stop-in-
wait functionality have their clocks disabled in these configurations.

18.4.2.5 Transition from stop modes to Debug mode

The debugger module supports a transition from STOP, WAIT, VLPS, and VLPW back
to a Halted state when the debugger has been enabled, that is, ENBDM is 1. This
transition is initiated by executing a BDC BACKGROUND command. As part of this
transition, system clocking is re-established and is equivalent to the normal RUN and
VLPR mode clocking configuration.

18.4.3 Run modes

The device contains two different run modes:
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* Run

* Very Low-Power Run (VLPR)

18.4.3.1 RUN mode

This is the normal operating mode for the device.

This mode is selected after any internal reset including LVD and when the BKGD/MS
pin is high after a POR exit or a BDM-initiated force reset. When the ColdFire processor
exits reset, it fetches initial 32-bit values for the supervisor stack pointer and program
counter from locations 0x00_0000 and 0x00_0004 respectively and user code execution
begins.

» The processor reads the start SP (SP_main) from vector-table offset 0x000
» The processor reads the start PC from vector-table offset 0x004
* LR is set to OxFFFF_FFFF.

To reduce power in this mode, disable the clocks to unused modules using their
corresponding clock gating control bits in the SIM's registers.

18.4.3.2 Very-Low Power Run (VLPR) mode

In VLPR mode, the on-chip voltage regulator is put into a stop mode regulation state. In
this state, the regulator is designed to supply enough current to the MCU over a reduced
frequency. To further reduce power in this mode, disable the clocks to unused modules
using their corresponding clock gating control bits in the SIM's registers.

Before entering this mode, the following conditions must be met:

* The MCG must be configured in a mode which is supported during VLPR. See the
Power Management details for information about these MCG modes.

 All clock monitors in the MCG must be disabled.

* The maximum frequencies of the system, bus, flash, and core are restricted. See the
Power Management details about which frequencies are supported.

* Mode protection must be set to allow VLP modes, that is, PMPROT[AVLP] is 1.

e PMCTRL[RUNM] is set to 10b to enter VLPR.

* Flash programming/erasing is not allowed.

NOTE
Do not change the clock frequency while in VLPR mode,
because the regulator is slow responding and cannot manage
fast load transitions. In addition, do not modify the clock source
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in the MCG module, the module clock enables in the SIM, or
any clock divider registers.

To reenter Normal Run mode, clear RUNM. The PMSTAT register is a read-only status
register that can be used to determine when the system has completed an exit to RUN
mode. When PMSTAT=RUN, the system is in run regulation and the MCU can run at
full speed in any clock mode. If a higher execution frequency is desired, poll the
PMSTAT register until it is set to RUN when returning from VLPR mode.

VLPR mode also provides the option to return to run regulation if any interrupt occurs.
Implement this option by setting Low-Power Wakeup On Interrupt (LPWUI) in the
PMCTRL register. Any reset always causes an exit from VLPR and returns the device to
RUN mode after the MCU exits its reset flow. The RUNM bits are cleared by hardware
on any interrupt when LPWUI is set or on any reset.

18.4.3.3 BDM in Run and VLPR Mode

If the MCU is unsecure and BDM mode is enabled, then the MCU can be fully debugged
using the BDM in RUN and VLPR modes. If XCSR[ENBDM] = 0, before entering
active BDM mode, the host must write XCSR[ENBDM] = 1 before sending a
BACKGROUND command.

18.4.4 Wait modes

This device contains two different wait modes:

* Wait
* Very-Low Power Wait (VLPW)

18.4.4.1 WAIT mode

WAIT mode is entered by executing a STOP instruction after configuring the device
appropriately. Upon execution of the STOP instruction, the CPU enters a low-power state
in which it is not clocked.

The V1 ColdFire core does not differentiate between STOP and WAIT modes. Both are
considered STOP mode from the core’s perspective. The difference between the two is at
the device level. In STOP mode, most peripheral clocks are shut down. In WAIT mode,
the global peripheral clocks continue to run and can be enabled or disabled on a per
peripheral basis using clock gating control bits in the SIM.
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When an interrupt request occurs, the CPU exits WAIT mode and resumes processing in
RUN mode, beginning with the stacking operations leading to the interrupt service
routine.

A system reset will cause an exit from WAIT mode, returning the device to normal RUN
mode.

18.4.4.2 Very-Low-Power Wait (VLPW) mode

VLPW mode is entered by executing a STOP instruction while the MCU is in very low
power run (VLPR) mode and configured as per Table 18-7.

In VLPW, the on-chip voltage regulator remains in its stop regulation state. In this state,
the regulator is designed to supply enough current to the MCU over a reduced frequency.
To further reduce power in this mode, disable the clocks to unused modules by clearing
the peripherals' corresponding clock gating control bits in the SIM.

VLPR mode restrictions also apply to VLPW.

VLPW mode provides the option to return to fully-regulated normal RUN mode if any
enabled interrupt occurs. This is done by setting PMCTRL[LPWUI]. Wait for the
PMSTAT register to set to RUN before increasing the frequency.

If the LPWUI bit is clear, when an interrupt from VLPW occurs, the device returns to
VLPR mode to execute the interrupt service routine.

A system reset will cause an exit from VLPW mode, returning the device to normal RUN
mode.

18.4.4.3 BDM in Wait and VLPW Mode

If the MCU is unsecure, BDM mode is enabled, and XCSR[ENBDM] is set prior to
entering wait then the MCU can support debugging using the BDM.

While the MCU is in wait mode, there are some restrictions on which background debug
commands can be used. Only the BACKGROUND command and memory-access-with-
status commands are available when the MCU is in wait mode. The memory-access-with-
status commands do not allow memory access, but they report an error indicating that the
MCU is in either stop or wait mode.

The BACKGROUND command can be used to wake the MCU from wait mode and enter
active background mode. After entering halt mode, all background commands are
available.
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18.4.5 Stop modes

This device contains a variety of stop modes to meet your application needs. The stop
modes range from:

* a stopped CPU, with all I/O, logic, and memory states retained, and certain
asynchronous mode peripherals operating

to:

* a powered down CPU, with only I/O and a small register file retained, very few
asynchronous mode peripherals operating, while the remainder of the MCU is
powered down.

The choice of stop mode depends upon the user's application, and how power usage and
state retention versus functional needs may be traded off.

The various stop modes are selected by setting the appropriate fields in PMPROT and
PMCTRL. The selected mode is entered following the execution of a STOP instruction.

The available stop modes are:

* Normal Stop (STOP)

* Very-Low Power Stop (VLPS)

* Low-Leakage Stop (LLS)

* Very-Low-Leakage Stop (VLLSx)

18.4.5.1 STOP mode

STOP mode is entered by executing a STOP instruction after configuring the device as
per Table 18-7. In STOP mode, the bus and CPU clocks are halted. If the ENBDM is set
prior to entering stop, only the peripheral clocks are halted.

The MCG module can be configured to leave the reference clocks running.

NOTE
If neither the WAITE or STOPE bit is set when the CPU
executes a STOP instruction, the MCU will not enter either of
the stop modes. Executing a STOP instruction under this
condition results in either a system reset if the instruction-
related reset disable bit in the CPU control register is cleared
(CPUCRJ[IRD]=0) or an illegal instruction exception if it is set
(CPUCRJ[IRD]=1).
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A module capable of providing an asynchronous interrupt to the device takes the device
out of STOP mode and returns the device to normal RUN mode. Refer to the device's
Power Management chapter for peripheral, I/O, and memory operation in STOP mode.
When an interrupt request occurs, the CPU exits STOP mode and resumes processing,
beginning with the stacking operations leading to the interrupt service routine.

A system reset will cause an exit from STOP mode, returning the device to normal RUN
mode via an MCU reset.

18.4.5.2 Very-Low-Power Stop (VLPS) mode
VLPS mode can be entered in one of two ways:

* Executing a STOP instruction while the MCU is in VLPR mode and STOPM=010 or
000 in the PMCTRL register.

* Executing a STOP instruction while the MCU is in normal RUN mode and
STOPM=010 in the PMCTRL register. Note, when VLPS is entered directly from
RUN mode, exit to VLPR is disabled by hardware and the system will always exit
back to RUN.

In VLPS, the on-chip voltage regulator remains in its stop regulation state as in VLPR.

A module capable of providing an asynchronous interrupt to the device takes the device
out of VLPS and returns the device to VLPR mode, provided LPWUI is clear.

If LPWUI is set, the device returns to normal RUN mode upon an interrupt request.
PMSTAT must be set to RUN before allowing the system to return to a frequency higher
than that allowed in VLPR mode.

A system reset will also cause a VLPS exit, returning the device to normal RUN mode.

18.4.5.3 BDM in Stop and VLPS Modes

If the MCU is unsecure, BDM is enabled, XCSR[ENBDM] is set prior to entering stop,
and the current mode is RUN (debug from VLPR is not supported), then the MCU can
support debugging using BDM. To support debugging, the CPU clock remains running
after the STOP instruction is executed. While the MCU is in stop or VLPS mode, some
restrictions affect which background debug commands can be used. Only the
BACKGROUND command and memory-access-with-status commands are available
when the MCU is in stop mode. The memory-access-with-status commands do not allow
memory access, but they report an error indicating that the MCU is in either stop or wait
mode.
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The BACKGROUND command can wake the MCU from stop or VLPS mode and cause
it to enter active background mode. After entering halt mode, all background commands
are available.

NOTE
When the chip is attempting to enter VLPS mode directly from
RUN mode while BDM is enabled, the MCU regulator remains
in full regulation. In other words, when BDM is enabled, the

regulation of the chip retains its previous state when executing
STOP.

18.4.5.4 Low-Leakage Stop (LLS) mode
Low-Leakage Stop (LLS) mode can be entered from normal RUN or VLPR modes.

By executing a STOP instruction while the MCU is in RUN or VLPR mode and device
configured as per Table 18-7 the MCU will enter LLS mode.

In LLS, the on-chip voltage regulator is in stop regulation. Most of the peripherals are put
in a state-retention mode that does not allow them to operate while in LLS.

Before entering LLS mode, the user should configure the low-leakage wakeup (LLWU)
module to enable the desired wakeup sources. The available wakeup sources in LLS are
detailed in the chip configuration details for this device.

After wakeup from LLS, the device returns to normal RUN mode with a pending LLWU
module interrupt. In the LLWU interrupt service routine (ISR), the user can poll the
LLWU module wakeup flags to determine the source of the wakeup.

NOTE
The LLWU interrupt must not be masked by the interrupt
controller to avoid a scenario where the system does not fully
exit stop mode on an LLS recovery.

An asserted RESET pin will cause an exit from LLS mode, returning the device to
normal RUN mode. When LLS is exiting via the RESET pin, the PIN and WAKEUP bits
are set in the SRSO register of the reset control module (RCM).

18.4.5.5 Very-Low-Leakage Stop (VLLSx) modes
This device contains these very low leakage modes:

 VLLS3

MCF51QM128 Reference Manual, Rev. 4, 08/2012

Freescale Semiconductor, Inc. 387




A ————
Functional description

e VLLS2

 VLLSI

VLLSx is often used in this document to refer to all of these modes.
All VLLSx modes can be entered from normal RUN or VLPR modes.

By executing a STOP instruction while the MCU is in a run mode and configured as per
Table 18-7 the MCU will enter the configured VLLS mode.

In VLLS, the on-chip voltage regulator is in its stop-regulation state while most digital
logic is powered off.

Before entering VLLS mode, the user should configure the low-leakage wakeup (LLWU)
module to enable the desired wakeup sources. The available wakeup sources in VLLS are
detailed in the chip configuration details for this device.

After wakeup from VLLS, the device returns to normal RUN mode with a pending
LLWU interrupt. In the LLWU interrupt service routine (ISR), the user can poll the
LLWU module wakeup flags to determine the source of the wakeup.

When entering VLLS, each I/0 pin is latched as configured before executing VLLS.
Because all digital logic in the MCU is powered off, all port and peripheral data is lost
during VLLS. This information must be restored before the ACKISO bit in the PMC is
set.

An asserted RESET pin will cause an exit from any VLLS mode, returning the device to
normal RUN mode. When exiting VLLS via the RESET pin, the PIN and WAKEUP bits
are set in the SRSO register of the reset control module (RCM).

18.4.5.6 BDM in LLS and VLLSx Modes

No debug is available while the MCU is in LLS or a VLLSx mode. LLS is a state
retention mode and all debug operation can continue after wakeup from LLS, unless
system wakeup is a reset event.

Entering a VLLSx mode causes all the BDM and debug controls and settings to be
powered off. Therefore, any breakpoints or other debug triggers set prior to entering the
VLLSx mode are lost.

To support debug immediately after a wakeup from a VLLSx mode, the VLLDBGREQ
bit in the SIM's SOPT4 register can be set before entering the VLLSx mode via a BDM
write. If this bit is set, the wakeup from a VLLSx mode (except for wakeup via the

RESET pin) causes the CPU to enter active background mode immediately upon exiting
the VLLSx mode.
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Power Management Controller (PMC)

19.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

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 (Vypp) or low (Vi ypL)- The trip voltage is selected by the
LVDSCI[LVDV] bits. The LVD is disabled upon entering VLPx, LLS, and VLLSx
modes.

Two flags are available to indicate the status of the low-voltage detect system:
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* 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
LVDF bit is cleared by writing one to the LVDACK bit, but only if the internal
supply has returned above the trip point; otherwise, the LVDF bit remains set.

e The low voltage warning flag (LVWF) operates in a level sensitive manner. The
LVWEF bit is set when the supply voltage falls below the selected monitor trip point
(VLVW). The LVWEF bit is cleared by writing one to the LVWACK bit, but only if
the internal supply has returned above the trip point; otherwise, the LVWF bit
remains set.

19.3.1 LVD reset operation

By setting the LVDRE bit, the LVD generates a reset upon detection of a low voltage
condition. The low voltage detection threshold is determined by the LVDV bits. After an
LVD reset occurs, the LVD system holds the MCU in reset until the supply voltage rises
above this threshold. The LVD bit in the SRS register is set following an LVD or power-
on reset.

19.3.2 LVD interrupt operation

By configuring the LVD circuit for interrupt operation (LVDIE set and LVDRE clear),
LVDSCI1[LVDF] is set and an LVD interrupt request occurs upon detection of a low
voltage condition. The LVDF bit is cleared by writing one to the LVDSCI[LVDACK]
bit.

19.3.3 Low-voltage warning (LVW) interrupt operation

The LVD system contains a low-voltage warning flag (LVWF) to indicate that the supply
voltage is approaching, but is above, the LVD voltage. The LVW also has an interrupt,
which is enabled by setting the LVDSC2[LVWIE] bit. If enabled, an LVW interrupt
request occurs when the LVWF is set. LVWF is cleared by writing one to the
LVDSC2[LVWACK] bit.

The LVDSC2[LVWV] bits select one of four trip voltages:

e Highest: Viywa
« Two mid-levels: Vi yw3s and Vi yw2
* Lowest: Viywi
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19.4 1/0 retention

When in LLS mode, the I/O pins are held in their input or output state. Upon wakeup, the
PMC is re-enabled, goes through a power up sequence to full regulation, and releases the
logic from state retention mode. The 1/O are released immediately after a wakeup or reset
event. In the case of LLS exit via a RESET pin, the I/0O default to their reset state.

When in VLLS modes, the 1/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. For
more information about the types of reset on this chip, refer to
the Reset details.

PMC memory map

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
Low Voltage Detect Status And Control 1 register
FFFF_8100 (PMC_LVDSC1) 8 R/W 10h 19.5.1/391
Low Voltage Detect Status And Control 2 register
FFFF_8101 (PMC_LVDSC2) 8 R/W 00h 19.5.2/393
FFFF_8102 |Regulator Status And Control register (PMC_REGSC) 8 R/W 04h 19.5.3/394

19.5.1 Low Voltage Detect Status And Control 1 register

(PMC_LVDSCH1)

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 LVDSCI1 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 LVDYV bits are reset solely on a POR Only event. The
register's other bits are reset on Chip Reset Not VLLS. For
more information about these reset types, refer to the Reset
details.

Address: FFFF_8100h base + Oh offset = FFFF_8100h

Bit

Read LVDF 0
LVDIE LVDRE LVDV

7 6 5 4 | 3 2 1 0

Write LVDACK
Reset 0 0 0 1 0 0 0 0
PMC_LVDSC1 field descriptions
Field Description
7 Low-Voltage Detect Flag
LVDF
This read-only status bit indicates a low-voltage detect event.
0 Low-voltage event not detected
1 Low-voltage event detected
6 Low-Voltage Detect Acknowledge
LVDACK
This write-only bit is used to acknowledge low voltage detection errors. Write 1 to clear LVDF. Reads
always return 0.
5 Low-Voltage Detect Interrupt Enable
LVDIE
Enables hardware interrupt requests for LVDF.
0 Hardware interrupt disabled (use polling)
1 Request a hardware interrupt when LVDF = 1
4 Low-Voltage Detect Reset Enable
LVDRE
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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1-0 Low-Voltage Detect Voltage Select
LVDV
Selects the LVD trip point voltage (V | yp )-

Table continues on the next page...
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PMC_LVDSC1 field descriptions (continued)

Field Description
00 Low trip point selected (V Lvp =V LvpL )

01 High trip point selected (V .vp =V LvbH )

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 LVWYV and LVDV bits.

NOTE
The LVWYV bits are reset solely on a POR Only event. The
register's other bits are reset on Chip Reset Not VLLS. For
more information about these reset types, refer to the Reset
details.

Address: FFFF_8100h base + 1h offset = FFFF_8101h

Bit 7 6 5 4 | 3 2 1 0
Read LVWF 0
LVWIE LVWV

Write LVWACK

Reset 0 0 0 0 0 0 0 0

PMC_LVDSC2 field descriptions
Field Description
7 Low-Voltage Warning Flag

LVWF

This read-only status bit indicates a low-voltage warning event. LVWF is set when Vg, transitions below
the trip point, or after reset and Vg, is already below Vyy. 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 Low-Voltage Warning Acknowledge
LVWACK

Table continues on the next page...
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PMC_LVDSC2 field descriptions (continued)

Field Description

This write-only bit is used to acknowledge low voltage warning errors. Write 1 to clear LVWF. Reads
always return 0.

5 Low-Voltage Warning Interrupt Enable
LVWIE
Enables hardware interrupt requests for LVWF.

0 Hardware interrupt disabled (use polling)
1 Request a hardware interrupt when LVWF = 1

4-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1-0 Low-Voltage Warning Voltage Select
LVWv

Selects the LVW trip point voltage (V_yw). The actual voltage for the warning depends on LVDSC1[LVDV].

00 Low trip point selected (Vi yw = Vivw1)
01 Mid 1 trip point selected (V_yw = VLyw2)
10 Mid 2 trip point selected (V yw = Vivwa)
11 High trip point selected (Vo yw = Vivwa)

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. See theReset for more
information.

Address: FFFF_8100h base + 2h offset = FFFF_8102h

Bit 7 6 5 4 | 3 2 1 0

Read 0 0 ACKISO REGONS
Reserved

Reserved BGBE

Write
Reset 0 0 0 0 0 1 0 0
PMC_REGSC field descriptions
Field Description
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 This field is reserved.
Reserved

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

Field Description
4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3 Acknowledge Isolation
ACKISO

Reading this bit indicates whether certain peripherals and the I/0O pads are in a latched state as a result of
having been in a VLLS mode. Writing one to this bit when it is set releases the 1/O pads and certain
peripherals to their normal run mode state.

NOTE: After recovering from a VLLS mode, user should restore chip configuration before clearing
ACKISO. In particular, pin configuration for enabled LLWU wakeup pins should be restored to
avoid any LLWU flag from being falsely set when ACKISO is cleared.

0 Peripherals and I/O pads are in normal run state
1 Certain peripherals and I/O pads are in an isolated and latched state

2 Regulator In Run Regulation Status
REGONS
This read-only bit provides the current status of the internal voltage regulator.

0 Regulator is in stop regulation or in transition to/from it
1 Regulator is in run regulation

1 This field is reserved.
Reserved
NOTE: This reserved bit must remain cleared (set to 0).
0 Bandgap Buffer Enable
BGBE

Enables the bandgap buffer.

0 Bandgap buffer not enabled
1 Bandgap buffer enabled

MCF51QM128 Reference Manual, Rev. 4, 08/2012

Freescale Semiconductor, Inc. 395




Memory map and register descriptions

MCF51QM128 Reference Manual, Rev. 4, 08/2012

396 Freescale Semiconductor, Inc.




Chapter 20
Voltage Regulator (VREQG)

20.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

The 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.
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Figure 20-1. Ideal Relation Between the Regulator Output and Input Power Supply
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20.1.1 Overview

A simplified block diagram for the Voltage Regulator module is shown below.
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Figure 20-2. Voltage Regulator Block Diagram

This module uses 2 regulators in parallel. In run mode, the RUN regulator with the
bandgap voltage reference is enabled and can provide up to 120 mA load current. In run
mode, the STANDBY regulator and the low power reference are also enabled, but a
switch disconnects its output from the external pin. In STANDBY mode, the RUN
regulator is disabled and the STANDBY regulator output is connected to the external pin.

Internal power mode signals control whether the module is in RUN or STANDBY mode.

20.1.2 Features

e Low drop-out linear voltage regulator with one power channel (3.3V).
* Low drop-out voltage: 300 mV.

e Output current: 120 mA.

e Three different power modes: RUN, STANDBY and SHUTDOWN.

* Low quiescent current in RUN mode.

* Typical value is around 120 uA (one thousand times smaller than the maximum
load current).

* Very low quiescent current in STANDBY mode.
 Typical value is around 1 uA.

e Automatic current limiting if the load current is greater than 290 mA.
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* Automatic power-up once some voltage is applied to the regulator input.
* Pass-through mode for regulator input voltages less than 3.6 V
* Small output capacitor: 2.2 uF

 Stable with aluminum, tantalum or ceramic capacitors.

20.1.3 Modes of Operation

The regulator has these power modes:

 RUN—The regulating loop of the RUN regulator and the STANDBY regulator are
active, but the switch connecting the STANDBY regulator output to the external pin
1S open.

* STANDBY—The regulating loop of the RUN regulator is disabled and the standby
regulator is active. The switch connecting the STANDBY regulator output to the
external pin is closed.

e SHUTDOWN—The module is disabled.

The regulator is enabled by default. This means that once the power supply is provided,
the module power-up sequence to RUN mode starts.

20.2 Voltage Regulator Module Signal Descriptions
The following table shows the external signals for the regulator.

Table 20-1. Voltage Regulator Module Signal Descriptions

Signal Description /0
reg33_in Unregulated power supply |
reg33_out Regulator output voltage @)
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Chapter 21
DMA Controller

21.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

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 7 is used throughout this section to refer to

registers or signals associated with one of the four identical
DMA channels: DMAO, 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
(DARR), status register (DSRn), byte count register (BCR#n), 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.
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The following figure is a simplified block diagram of the 4-channel DMA controller.
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Figure 21-1. 4-Channel DMA Block Diagram

The terms peripheral request and DREQ refer to a DMA request from one of the on-chip
peripherals or package pins. The DMA provides hardware handshake signals: either a
DMA acknowledge (DACK) or a done indicator back to the peripheral.For details on the
connections associated with DMA request inputs, see the register definition for DMA
Request Control (DMAREQC).

21.1.2 Features

The DMA controller module features:
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* Four independently programmable DMA controller channels

* Dual-address transfers via 32-bit master connection to the system bus

e Data transfers in 8-, 16-, or 32-bit blocks

* Continuous-mode or cycle-steal transfers from software or peripheral initiation

* One programmable input selected from 16 possible peripheral requests per channel
* Automatic hardware acknowledge/done indicator from each channel
 Independent source and destination address registers

* Optional modulo addressing and automatic updates of source and destination
addresses

* Independent transfer sizes for source and destination

* Optional auto-alignment feature for source or destination accesses
* Optional automatic single or double channel linking

* Programming model accessed via 32-bit slave peripheral bus

* Channel arbitration on transfer boundaries using fixed priority scheme

21.2 DMA Transfer Overview

The DMA module can move data within system memory (including memory and
peripheral devices) with minimal processor intervention, greatly improving overall
system performance. The DMA module consists of four independent, functionally
equivalent channels, so references to DMA in this chapter apply to any of the channels. It
1s not possible to address all four channels at once.

As soon as a channel has been initialized, it may be started by setting DCRn[START] or
a properly-selected peripheral DMA request, depending on the status of DCRn[ERQ)].
Each channel can be programmed to select one peripheral request from a set of 16
possible request inputs.

The DMA controller supports dual-address transfers using its bus master connection to
the system bus. The DMA channels support transfers up to 32 data bits in size and have
the same memory map addressibility as the processor.
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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

Memory/
ﬁ; Peripheral

DMA

w‘ 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).

21.3 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
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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 Register name (i‘a’llgitt';) Access | Reset value Se(;t':n/
(hex) pag
FFFF_E400 |DMA Request Control Register (DMA_REQC) 32 R/W | 0000_0000h | 21.3.1/405
FFFF_E500 |Source Address Register (DMA_SARO) 32 R/W | 0000_0000h | 21.3.2/409
FFFF_E504 |Destination Address Register (DMA_DARO) 32 R/W | 0000_0000h | 21.3.3/410
DMA Status Register / Byte Count Register
FFFF_E508 (DMA_DSR_BCRO) 32 R/W | 0000_0000h | 21.3.4/410
FFFF_E50C |DMA Control Register (DMA_DCRO) 32 R/W | 0000_0000h | 21.3.5/413
FFFF_E510 |Source Address Register (DMA_SAR1) 32 R/W | 0000_0000h | 21.3.2/409
FFFF_E514 |Destination Address Register (DMA_DART1) 32 R/W | 0000_0000h | 21.3.3/410
DMA Status Register / Byte Count Register
FFFF_E518 (DMA_DSR_BCR1) 32 R/W | 0000_0000h | 21.3.4/410
FFFF_E51C |DMA Control Register (DMA_DCR1) 32 R/W | 0000_0000h | 21.3.5/413
FFFF_E520 |Source Address Register (DMA_SAR2) 32 R/W | 0000_0000h | 21.3.2/409
FFFF_E524 |Destination Address Register (DMA_DAR2) 32 R/W | 0000_0000h | 21.3.3/410
DMA Status Register / Byte Count Register
FFFF_E528 (DMA_DSR_BCR?) 32 R/W | 0000_0000h | 21.3.4/410
FFFF_E52C |DMA Control Register (DMA_DCR2) 32 R/W | 0000_0000h | 21.3.5/413
FFFF_E530 |Source Address Register (DMA_SAR3) 32 R/W 0000_0000h | 21.3.2/409
FFFF_E534 |Destination Address Register (DMA_DARS3) 32 R/W | 0000_0000h | 21.3.3/410
DMA Status Register / Byte Count Register
FFFF_E538 (DMA_DSR_BCR3) 32 R/W | 0000_0000h | 21.3.4/410
FFFF_E53C |DMA Control Register (DMA_DCR3) 32 R/W | 0000_0000h | 21.3.5/413

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 + Oh offset = FFFF_E400h

Bit 31 30 29 28 27 26 25 24 19 18 17 16
R 0
DMACO DMACH1
o
w| 3
L
(&)
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 3 2 1 0
R 0
DMAC2 DMAC3
[aV)
w| &
L
o
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0
DMA_REQC field descriptions
Field Description
31 Clear state machine control 0
CFSMO
This bit clears the state machine for DMA channel 0. When changing the DMACO field to select a different
requester, set (write 1) to the CFSMO 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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
27-24 DMA channel 0
DMACO

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. DMACO 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 Clear state machine control 1

CFSMA1
This bit clears the state machine for DMA channel 1. When changing the DMACH1 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 This field is reserved.

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

19-16 DMA channel 1

DMACH1
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 Clear state machine control 2
CFSM2

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

11-8 DMA channel 2
DMAC2

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 Clear state machine control 3
CFSM3
This bit clears the state machine for DMA channel 3. When changing the DMACS3 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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

3-0 DMA channel 3
DMAC3

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. DMACS3 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 x 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
W SAR

ResetOO00000000000000|0000000000000000

DMA_SARn field descriptions

Field Description

31-0 Each SAR contains the byte address used by the DMA controller to read data. The SARn is typically

SAR 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 x 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
W DAR

ResetOOOO000OOOOOOOOO|OOOOO00000000000

DMA_DARnN field descriptions

Field Description

31-0 Each DAR contains the byte address used by the DMA controller to write data. The DARn is typically

DAR 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 x i), where i=0d to 3d

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
o L
R| 0 CE |BES |BED| © o | BSY 5
o
o
BCR
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 o | o 0 0 0 0 0 0 0

DMA_DSR_BCRn field descriptions

Field Description
31 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
30 Configuration error
CE

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 Bus error on source
BES
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 Bus error on destination
BED
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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
26 Request
REQ

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 Busy
BSY

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 Transactions done

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 This field contains the number of bytes yet to be transferred for a given block.
BCR
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21.3.5 DMA Control Register (DMA_DCRn)

Address: FFFF_E400h base + 10Ch offset + (16d x i), where i=0d to 3d
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

EINT | ERQ | CS SINC SSIZE DINC DSIZE

Reserved
Reserved

START

Reset 0 0 0

o
o
o
o
o
o
o
o
o

Bt 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
R 0
i
SMOD DMOD o LINKCC LCH1 LCH2
A
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 Enable interrupt on completion of transfer
EINT
Determines whether an interrupt is generated by completing a transfer or by the occurrence of an error
condition.

0 Nointerrupt is generated.
1 Interrupt signal is enabled.

30 Enable peripheral request
ERQ

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 Cycle steal
Cs
0 DMA continuously makes read/write transfers until the BCR decrements to 0.

1 Forces a single read/write transfer per request.

28 Auto-align
AA

Table continues on the next page...
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Memory Map and Registers

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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
24 This field is reserved.
Reserved
CAUTION: Must be written as zero; otherwise, undefined behavior results.
23 This field is reserved.
Reserved
CAUTION: Must be written as zero; otherwise, undefined behavior results.
22 Source increment
SINC
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 Source size
SSIZE . .
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 Destination increment
DINC
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 Destination size
DSIZE ] ) o
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 transfer
START

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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Chapter 21 DMA Controller
DMA_DCRn field descriptions (continued)

Field Description

15-12 Source address modulo

SMOD
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 Destination address modulo

DMOD
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 Disable request
D_REQ

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 ERAQ bit is not affected.
1 ERQ bit is cleared when the BCR is exhausted.
6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-4 Link channel control
LINKCC .
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 (DCRnN[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 Link channel 1
LCHA1
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 Link channel 2
LCH2

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.
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Chapter 21 DMA Controller
Before initiating a dual-address access, the DMA module verifies that DCRn[SSIZE] and
DCRn[DSIZE] are consistent with the source and destination addresses. If they are not
consistent, the configuration error bit, DSRn[CE], is set. If misalignment is detected, no
transfer occurs, DSRn[CE] is set, and, depending on the DCR configuration, an interrupt
event may be issued. If the auto-align bit, DCRn[AA], is set, error checking is performed
on the appropriate registers.

A read/write transfer sequence reads data from the source address and writes it to the
destination address. The number of bytes transferred is the largest of the sizes specified
by DCRn[SSIZE] and DCRn[DSIZE] in the DMA Control Registers (DCRn).

Source and destination address registers (SARn and DARn) can be programmed in the
DCRn~ to increment at the completion of a successful transfer.

21.4.1 Transfer Requests (Cycle-Steal and Continuous Modes)

The DMA channel supports software-initiated or peripheral-initiated requests. A request
is issued by setting DCRn[START] or when the selected peripheral request asserts and
DCRn[ERQ] is set. Setting DCRr[ERQ] enables recognition of the peripheral DMA
requests. Selecting between cycle-steal and continuous modes minimizes bus usage for
either type of request.

* Cycle-steal mode (DCRn[CS] = 1)—Only one complete transfer from source to
destination occurs for each request. If DCRn[ERQ] is set, the request is peripheral
initiated. A software-initiated request is enabled by setting DCRn[START].

* Continuous mode (DCRn[CS] = 0)—After a software-initiated or peripheral request,
the DMA continuously transfers data until BCRn reaches zero. The DMA performs
the specified number of transfers, then retires the channel.

In either mode, the crossbar switch performs independent arbitration on each slave port
after each transaction.

21.4.2 Channel Initialization and Startup

Before a data transfer starts, the channel's transfer control descriptor must be initialized
with information describing configuration, request-generation method, and pointers to the
data to be moved.
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21.4.2.1 Channel Prioritization

The four DMA channels are prioritized based on number, with channel 0 having highest
priority and channel 3 having the lowest, that is, channel 0 > channel 1 > channel 2 >
channel 3.

Simultaneous peripheral requests activate the channels based on this priority order. Once
activated, a channel runs to completion as defined by DCRn[CS] and BCRn.

21.4.2.2 Programming the DMA Controller Module

CAUTION
During a channel's execution, writes to programming model
registers can corrupt the data transfer. The DMA module itself
does not have a mechanism to prevent writes to registers during
a channel's execution.

General guidelines for programming the DMA are:

* The REQC register is configured to select the peripheral DMA requests and assign
them to the individual DMA channels.

e TCDn 1s initialized.

* SARn is loaded with the source (read) address. If the transfer is from a
peripheral device to memory or to another peripheral, the source address is the
location of the peripheral data register. If the transfer is from memory to a
peripheral device or to memory, the source address is the starting address of the
data block. This can be any appropriately aligned address.

* DARu~ is initialized with the destination (write) address. If the transfer is from a
peripheral device to memory, or from memory to memory, DAR# is loaded with
the starting address of the data block to be written. If the transfer is from
memory to a peripheral device, or from a peripheral device to a peripheral
device, DAR~ is loaded with the address of the peripheral data register. This
address can be any appropriately aligned address.
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* SARn and DARn change after each data transfer depending on DCR#n[SSIZE,
DSIZE, SINC, DINC, SMOD, DMOD] and the starting addresses. Increment
values can be 1, 2, or 4 for 8-bit, 16-bit, or 32-bit transfers, respectively. If the
address register is programmed to remain unchanged, the register is not
incremented after the data transfer.

* BCRn[BCR] must be loaded with the total number of bytes to be transferred. It
is decremented by 1, 2, or 4 at the end of each transfer, depending on the transfer
size. DSRn[DONE] must be cleared for channel startup.

 After the channel has been initialized, it may be started by setting DCRn[START] or
a properly selected peripheral DMA request, depending on the status of
DCRn[ERQ)]. For a software-initiated transfer, the channel can be started by setting
DCRn[STARTT] as part of a single 32-bit write to the last 32 bits of the TCDn; that is,
it 1s not required to write the DCRn with START cleared and then perform a second
write to explicitly set START.

* Programming the channel for a software-initiated request causes the channel to
request the system bus and start transferring data immediately. If the channel is
programmed for peripheral-initiated request, a properly selected peripheral DMA
request must be asserted before the channel begins the system bus transfers.

* The hardware can automatically clear DCRn[ERQ], disabling the peripheral request,
when BCR# reaches zero by setting DCRr[D_REQ)].

* Changes to DCRn are effective immediately while the channel is active. To avoid
problems with changing a DMA channel setup, write a one to DSRr[DONE] to stop
the DMA channel.

21.4.3 Dual-Address Data Transfer Mode

Each channel supports dual-address transfers. Dual-address transfers consist of a source
data read and a destination data write. The DMA controller module begins a dual-address
transfer sequence after a DMA request. If no error condition exists, DSRn[REQ)] is set.

* Dual-address read—The DMA controller drives the SARn value onto the system
address bus. If DCRn[SINC] is set, the SARn increments by the appropriate number
of bytes upon a successful read cycle. When the appropriate number of read cycles
complete (multiple reads if the destination size is larger than the source), the DMA
initiates the write portion of the transfer.

If a termination error occurs, DSRn[BES, DONE] are set and DMA transactions stop.
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* Dual-address write—The DMA controller drives the DAR#n value onto the system

address bus. When the appropriate number of write cycles complete (multiple writes
if the source size is larger than the destination), DAR# increments by the appropriate
number of bytes if DCRn[DINC] is set. BCRn decrements by the appropriate number
of bytes. DSRn[DONE] is set when BCR#n reaches zero. If the BCRn is greater than
zero, another read/write transfer is initiated if continuous mode is enabled
(DCRn[CS] = 0).

If a termination error occurs, DSR»n[BED, DONE] are set and DMA transactions
stop.

21.4.4 Advanced Data Transfer Controls: Auto-Alignment

Typically, auto-alignment for DMA transfers applies for transfers of large blocks of data.
As a result, it does not apply for peripheral-initiated cycle-steal transfers.

Auto-alignment allows block transfers to occur at the optimal size based on the address,
byte count, and programmed size. To use this feature, DCRn[AA] must be set. The
source is auto-aligned if DCRn[SSIZE] indicates a transfer size larger than
DCRn[DSIZE]. Source alignment takes precedence over the destination when the source
and destination sizes are equal. Otherwise, the destination is auto-aligned. The address
register chosen for alignment increments regardless of the increment value. Configuration
error checking is performed on registers not chosen for alignment.

If BCRn is greater than 16, the address determines transfer size. Transfers of 8 bits, 16
bits, or 32 bits are transferred until the address is aligned to the programmed size
boundary, at which time accesses begin using the programmed size. If BCR# is less than
16 at the start of a transfer, the number of bytes remaining dictates transfer size.

Consider this example:
* AA equals 1.
* SARn equals 0x(00)80_0001.
* BCRn equals 0x00_00FO.
» SSIZE equals 00 (32 bits).
* DSIZE equals 01 (8 bits).

Because SSIZE > DSIZE, the source is auto-aligned. Error checking is performed on
destination registers. The access sequence is as follows:

1. Read 1 byte from 0x(00)80_0001, increment SAR#n, write 1 byte (using DARn).
2. Read 2 bytes from 0x(00)80_0002, increment SARn, write 2 bytes.
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3. Read 4 bytes from 0x(00)80_0004, increment SARn, write 4 bytes.
4. Repeat 4-byte operations until SARn equals 0x(00)80_00FO.
5. Read byte from 0x(00)80_00FO0, increment SAR#n, write byte.

If DSIZE is another size, data writes are optimized to write the largest size allowed based
on the address, but not exceeding the configured size.

21.4.5 Termination
An unsuccessful transfer can terminate for one of the following reasons:

* Error conditions—When the DMA encounters a read or write cycle that terminates
with an error condition, DSRn[BES] is set for a read and DSRn[BED] is set for a
write before the transfer is halted. If the error occurred in a write cycle, data in the
internal holding registers is lost.

e Interrupts—If DCRn[EINT] is set, the DMA drives the appropriate interrupt request
signal. The processor can read DSR# to determine whether the transfer terminated
successfully or with an error. DSRn[DONE] is then written with a one to clear the
interrupt, the DONE, and error status bits.
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Chapter 22
Multipurpose Clock Generator (MCG)

22.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

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.
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* 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):

* Voltage-controlled oscillator (VCO)

 External reference clock is used as the PLL source.

* Modulo VCO frequency divider

* Phase/Frequency detector

* Integrated loop filter

* Can be used as a clock source for other on-chip peripherals.
* Internal reference clock generator:

* Slow clock with nine trim bits for accuracy

* Fast clock with four trim bits

» Can be used as source clock for the FLL. In FEI mode, only the slow Internal
Reference Clock (IRC) can be used as the FLL source.

e Either the slow or the fast clock can be selected as the clock source for the MCU.
» Can be used as a clock source for other on-chip peripherals.

* Control signals for the MCG external reference low power oscillator clock generators
are provided:

* HGO, RANGE, EREFS

» External clock from the Crystal Oscillator :
* Can be used as a source for the FLL and/or the PLL.
* Can be selected as the clock source for the MCU.

» External clock monitor with reset and interrupt request capability to check for
external clock failure when running in FBE, PEE, BLPE, or FEE modes

* Lock detector with interrupt request capability for use with the PLL

* Internal Reference Clocks Auto Trim Machine (ATM) capability using an external
clock as a reference

» Reference dividers for both the FLL and the PLL are provided
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» Reference dividers for the Fast Internal Reference Clock are provided

* MCG Background Debug Controller Clock (MCGBDCCLK) is provided as a clock
source for the Background Debug Controller (BDC)

* MCG PLL Clock (MCGPLLCLK) is provided as a clock source for other on-chip
peripherals

* MCG FLL Clock (MCGFLLCLK) is provided as a clock source for other on-chip
peripherals

* MCG Fixed Frequency Clock (MCGFFCLK) is provided as a clock source for other
on-chip peripherals

* MCQG Internal Reference Clock (MCGIRCLK) is provided as a clock source for other
on-chip peripherals
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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

I;ZZC:::: Register name W id.t h Access | Reset value Section/
(hex) (in bits) page
FFFF_8400 |MCG Control 1 Register (MCG_C1) 8 R/W 04h 22.3.1/427
FFFF_8401 |MCG Control 2 Register (MCG_C2) 8 R/W See section | 22.3.2/429
FFFF_8402 |MCG Control 3 Register (MCG_C3) 8 R/W Undefined | 22.3.3/430
FFFF_8403 |MCG Control 4 Register (MCG_C4) 8 R/W Undefined | 22.3.4/430
FFFF_8404 |MCG Control 5 Register (MCG_C5) 8 R/W 00h 22.3.5/432
FFFF_8405 |MCG Control 6 Register (MCG_C6) 8 R/W 00h 22.3.6/433
FFFF_8406 |MCG Status Register (MCG_S) 8 R 10h 22.3.7/434
FFFF_8408 |MCG Auto Trim Control Register (MCG_ATC) 8 R/W 00h 22.3.8/436
FFFF_840A ?,’\'ACC%/j‘XtToCTVr::; Compare Value High Register 8 RIW 00h 22.3.9/436
FFFF_840B ?,’\'ACC%/_TT"CT\;E Compare Value Low Register 8 R/W 00h 22.3.10/437
22.3.1 MCG Control 1 Register (MCG_C1)
Address: FFFF_8400h base + Oh offset = FFFF_8400h
Bit 7 6 5 4 2 1 0
fead CLKS FRDIV IREFS | IRCLKEN | IREFSTEN
Reset 0 0 0 0 1 0 0
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MCG_C1 field descriptions

Field Description

7-6 Clock Source Select
CLKS

Selects the clock source for MCGOUTCLK .

00 Encoding 0 — Output of FLL or PLL is selected (depends on PLLS control bit).
01 Encoding 1 — Internal reference clock is selected.

10 Encoding 2 — External reference clock is selected.

11 Encoding 3 — Reserved.

5-3 FLL External Reference Divider
FRDIV

Selects the amount to divide down the external reference clock for the FLL. The resulting frequency must
be in the range 31.25 kHz to 39.0625 kHz (This is required when FLL/DCO is the clock source for
MCGOUTCLK . In FBE mode, it is not required to meet this range, but it is recommended in the cases
when trying to enter a FLL mode from FBE).

000 If RANGE =0, Divide Factor is 1; for all other RANGE values, Divide Factor is 32.

001 If RANGE =0, Divide Factor is 2; for all other RANGE values, Divide Factor is 64.

010 If RANGE =0, Divide Factor is 4; for all other RANGE values, Divide Factor is 128.

011 If RANGE = 0, Divide Factor is 8; for all other RANGE values, Divide Factor is 256.

100 If RANGE = 0, Divide Factor is 16; for all other RANGE values, Divide Factor is 512.

101 If RANGE = 0, Divide Factor is 32; for all other RANGE values, Divide Factor is 1024.

110 If RANGE = 0, Divide Factor is 64; for all other RANGE values, Divide Factor is Reserved .
111 If RANGE = 0, Divide Factor is 128; for all other RANGE values, Divide Factor is Reserved .

2 Internal Reference Select
IREFS

Selects the reference clock source for the FLL.

0 External reference clock is selected.
1 The slow internal reference clock is selected.

1 Internal Reference Clock Enable
IRCLKEN
Enables the internal reference clock for use as MCGIRCLK.

0 MCGIRCLK inactive.

1 MCGIRCLK active.

0 Internal Reference Stop Enable
IREFSTEN

Controls whether or not the internal reference clock remains enabled when the MCG enters Stop mode.

0 Internal reference clock is disabled in Stop mode.

1 Internal reference clock is enabled in Stop mode if IRCLKEN is set or if MCG is in FEI, FBI, or BLPI
modes before entering Stop mode.
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22.3.2 MCG Control 2 Register (MCG_C2)

Address: FFFF_8400h base + 1h offset = FFFF_8401h

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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
54 Frequency Range Select
RANGE
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 High Gain Oscillator Select
HGO ) ) ) )
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 External Reference Select
EREFS
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 Low Power Select
LP
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 Internal Reference Clock Select
IRCS

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_8400h base + 2h offset = FFFF_8402h

Bit 7 6 5 4 | 3 2 1 0
fead SCTRIM
Reset x* x* x* x* | x* xX* xX* x*

* Notes:
¢ x = Undefined at reset.

MCG_C3 field descriptions

Field Description

7-0 Slow Internal Reference Clock Trim Setting
SCTRIM

the binary value increases the period, and decreasing the value decreases the period.
with a factory trim value.

from the nonvolatile memory location to this register.

SCTRIM ' 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

An additional fine trim bit is available in C4 register as the SCFTRIM bit. Upon reset, this value is loaded

If an SCTRIM value stored in nonvolatile memory is to be used, it is your responsibility to copy that value

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_8400h base + 3h offset = FFFF_8403h

Bit 7 6 5 4 | 3 2 1 0
&frﬁg DMX32 DRST_DRS FCTRIM SCFTRIM
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 DCO Maximum Frequency with 32.768 kHz Reference
DMX32

32.768 kHz reference.

Table continues on the next page...
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Chapter 22 Multipurpose Clock Generator (MCG)
MCG_C4 field descriptions (continued)

Field Description
The following table identifies settings for the DCO frequency range.
NOTE: The system clocks derived from this source should not exceed their specified maximums.
DRST_DRS DMX32 Reference Range FLL Factor DCO Range
00 0 31.25-39.0625 kHz 640 20-25 MHz
1 32.768 kHz 732 24 MHz
01 0 31.25-39.0625 kHz 1280 40-50 MHz
1 32.768 kHz 1464 48 MHz
10 0 31.25-39.0625 kHz 1920 60-75 MHz
1 32.768 kHz 2197 72 MHz
11 0 31.25-39.0625 kHz 2560 80-100 MHz
1 32.768 kHz 2929 96 MHz
0 DCO has a default range of 25%.
1 DCO is fine-tuned for maximum frequency with 32.768 kHz reference.
6-5 DCO Range Select
DRST_DRS
The DRS bits select the frequency range for the FLL output, DCOOUT. When the LP bit is set, writes to
the DRS bits are ignored. The DRST read field indicates the current frequency range for DCOOUT. The
DRST field does not update immediately after a write to the DRS field due to internal synchronization
between clock domains. See the DCO Frequency Range table for more details.
00 Encoding 0 — Low range (reset default).
01 Encoding 1 — Mid range.
10 Encoding 2 — Mid-high range.
11 Encoding 3 — High range.
4—1 Fast Internal Reference Clock Trim Setting
FCTRIM
FCTRIM " controls the fast internal reference clock frequency by controlling the fast internal reference
clock period. The FCTRIM 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.
If an FCTRIM[3:0] 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.
0 Slow Internal Reference Clock Fine Trim
SCFTRIM . . .
SCFTRIM 2 controls the smallest adjustment of the slow internal reference clock frequency. Setting
SCFTRIM increases the period and clearing SCFTRIM decreases the period by the smallest amount
possible.
If an SCFTRIM value stored in nonvolatile memory is to be used, it is your responsibility to copy that value
from the nonvolatile memory location to this bit.

1. A value for FCTRIM is loaded during reset from a factory programmed location .

2. Avalue for SCFTRIM is loaded during reset from a factory programmed location .
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22.3.5 MCG Control 5 Register (MCG_C5)

Address: FFFF_8400h base + 4h offset = FFFF_8404h

Bit

7

6 5 4 | 3 2 1 0

Read 0 PLLCLKEN | PLLSTEN PRDIV
Write

Reset 0 0 0 o | o 0 0 0
MCG_CS5 field descriptions
Field Description
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 PLL Clock Enable
PLLCLKEN

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 PLL Stop Enable

PLLSTEN ] ]
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 PLL External Reference Divider
PRDIV

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 PRDIV |Divide PRDIV |Divide PRDIV |Divide
Factor Factor Factor 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...

MCF51QM128 Reference Manual, Rev. 4, 08/2012

432

Freescale Semiconductor, Inc.




Chapter 22 Multipurpose Clock Generator (MCG)
MCG_CS5 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_C®6)
Address: FFFF_8400h base + 5h offset = FFFF_8405h
Bit 7 6 5 4 | 3 2 1 0
Read
Write LOLIE PLLS CME VDIV
Reset 0 0 0 o | o 0 0 0
MCG_C6 field descriptions
Field Description
7 Loss of Lock Interrrupt Enable
LOLIE
Determines if an interrupt request is made following a loss of lock indication. This bit only has an effect
when LOLS is set.
0 Nointerrupt request is generated on loss of lock.
1 Generate an interrupt request on loss of lock.
6 PLL Select
PLLS
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 Clock Monitor Enable
CME
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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Memory Map/Register Definition
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 VCO Divider
VDIV

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 VDIV Multiply VDIV Multiply VDIV Multiply
Factor Factor Factor 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_8400h base + 6h offset = FFFF_8406h

Bit 7 6 5 4 | 3 2 1 0
Read LOLS LOCKO PLLST IREFST CLKST OSCINIT IRCST
Write
Reset 0 0 0 1 0 0 0 0

MCG_S field descriptions
Field Description
7 Loss of Lock Status
LOLS

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 , . 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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Chapter 22 Multipurpose Clock Generator (MCG)

MCG_S field descriptions (continued)

Field

Description

LOCKO

Lock Status

This bit indicates whether the PLL has acquired lock. Lock detection is only enabled when the PLL is
enabled (either through clock mode selection or PLLCLKENO=1 setting). While the PLL clock is locking to
the desired frequency, the MCG PLL clock (MCGPLLCLK) will be gated off until the LOCK bit gets
asserted. If the lock status bit is set, changing the value of the PRDIV [4:0] bits in the C5 register or the
VDIVO0[4:0] bits in the C6 register causes the lock status bit to clear and stay cleared until the PLL has
reacquired lock. Entry into LLS, VLPS, or regular Stop with PLLSTEN=0 also causes the lock status bit to
clear and stay cleared until the Stop mode is exited and the PLL has reacquired lock. Any time the PLL is
enabled and the LOCKO bit is cleared, the MCGPLLCLK will be gated off until the LOCKO bit is asserted
again.

0 PLL is currently unlocked.
1 PLL is currently locked.

PLLST

PLL Select Status

This bit indicates the clock source selected by PLLS . The PLLST bit does not update immediately after a
write to the PLLS bit due to internal synchronization between clock domains.

0 Source of PLLS clock is FLL clock.
1 Source of PLLS clock is PLL output clock.

4
IREFST

Internal Reference Status

This bit indicates the current source for the FLL reference clock. The IREFST bit does not update
immediately after a write to the IREFS bit due to internal synchronization between clock domains.

0 Source of FLL reference clock is the external reference clock.
1 Source of FLL reference clock is the internal reference clock.

3-2
CLKST

Clock Mode Status

These bits indicate the current clock mode. The CLKST bits do not update immediately after a write to the
CLKS bits due to internal synchronization between clock domains.

00 Encoding 0 — Output of the FLL is selected (reset default).
01 Encoding 1 — Internal reference clock is selected.

10 Encoding 2 — External reference clock is selected.

11 Encoding 3 — Output of the PLL is selected.

1
OSCINIT

OSC Initialization

This bit, which resets to 0, is set to 1 after the initialization cycles of the crystal oscillator clock have
completed. After being set, the bit is cleared to 0 if the OSC is subsequently disabled. See the OSC
module's detailed description for more information.

IRCST

Internal Reference Clock Status

The IRCST bit indicates the current source for the internal reference clock select clock (IRCSCLK). The
IRCST bit does not update immediately after a write to the IRCS bit due to internal synchronization
between clock domains. The IRCST bit will only be updated if the internal reference clock is enabled,
either by the MCG being in a mode that uses the IRC or by setting the C1[IRCLKEN] bit .

0 Source of internal reference clock is the slow clock (32 kHz IRC).
1 Source of internal reference clock is the fast clock (4 MHz IRC).
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22.3.8 MCG Auto Trim Control Register (MCG_ATC)

Address: FFFF_8400h base + 8h offset = FFFF_8408h

Bit 7 6 5 4 | 3 2 1 0
Read
ATME ATMS
Write
Reset 0 0
MCG_ATC field descriptions
Field Description
7 Automatic Trim Machine Enable
ATME
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 Automatic Trim Machine Select
ATMS
Selects the IRCS clock for Auto Trim Test.
0 32 kHz Internal Reference Clock selected.
1 4 MHz Internal Reference Clock selected.
5 Automatic Trim machine Fail Flag
ATMF
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 This field is reserved.
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_8400h base + Ah offset = FFFF_840Ah

Bit 7 6 5 4 | 3 2 1 0
Read
Write ATCVH
Reset 0 0 0 o | o 0 0 0
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Chapter 22 Multipurpose Clock Generator (MCG)
MCG_ATCVH field descriptions

Field Description

7-0 ATM Compare Value High
ATCVH

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_8400h base + Bh offset = FFFF_840Bh

Bit 7 6 5 4 | 3 2 1 0
Read
Write ATCVL
Reset 0 0 0 o | o 0 0 0
MCG_ATCVL field descriptions
Field Description
7-0 ATM Compare Value Low
ATCVL

Values are used by Auto Trim Machine to compare and adjust Internal Reference trim values during ATM
SAR conversion.

22.4 Functional Description

22.41 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.

MCF51QM128 Reference Manual, Rev. 4, 08/2012

Freescale Semiconductor, Inc. 437




Functional Description

»’4‘!

Entered from any state when I?]etlli/lrrés Uto the stgtg that Wads activle before
the MCU enters Stop mode the entered Stop mode, unless a
reset occurs while in Stop mode.

Figure 22-12. MCG mode state diagram

NOTE
* During exits from LLS or VLPS when the MCG is in PEE
mode, the MCG will reset to PBE clock mode and the
C1[CLKS] and S[CLKST] will automatically be set to
2’b10.

* If entering Normal Stop mode when the MCG is in PEE
mode with C5[PLLSTEN]=0, the MCG will reset to PBE
clock mode and C1[CLKS] and S[CLKST] will
automatically be set to 2°b10.

22.4.1.1 MCG modes of operation
The MCG operates in one of the following modes.
Note

The MCQG restricts transitions between modes. For the
permitted transitions, see Figure 22-12.
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Chapter 22 Multipurpose Clock Generator (MCG)
Table 22-14. MCG modes of operation

Mode Description

FLL Engaged Internal  |FLL engaged internal (FEI) is the default mode of operation and is entered when all the following
(FEI) condtions occur:

¢ C1[CLKS] bits are written to 00
e C1[IREFS] bit is written to 1
e C6[PLLS] bit is written to 0

In FEI mode, MCGOUTCLK is derived from the FLL clock (DCOCLK) that is controlled by the 32
kHz Internal Reference Clock (IRC). The FLL loop will lock the DCO frequency to the FLL factor, as
selected by C4[DRST_DRS] and C4[DMX32] bits, times the internal reference frequency. See the
C4[DMX32] bit description for more details. In FEI mode, the PLL is disabled in a low-power state
unless C5[PLLCLKEN] is set.

FLL Engaged External |FLL engaged external (FEE) mode is entered when all the following conditions occur:
(FEE) ¢ C1[CLKS] bits are written to 00
e C1[IREFS] bit is written to O

e C1[FRDIV] must be written to divide external reference clock to be within the range of 31.25
kHz to 39.0625 kHz

e C6[PLLS] bit is written to 0

In FEE mode, MCGOUTCLK is derived from the FLL clock (DCOCLK) that is controlled by the
external reference clock. The FLL loop will lock the DCO frequency to the FLL factor, as selected by
C4[DRST_DRS] and C4[DMX32] bits, times the external reference frequency, as specified by
C1[FRDIV] and C2[RANGE]. See the C4[DMX32] bit description for more details. In FEE mode, the
PLL is disabled in a low-power state unless C5[PLLCLKEN] is set.

FLL Bypassed Internal |FLL bypassed internal (FBI) mode is entered when all the following conditions occur:
(FBI) e C1[CLKS] bits are written to 01

e C1[IREFS] bit is written to 1

e C6[PLLS] is written to 0

e C2[LP]is written to 0

In FBI mode, the MCGOUTCLK is derived either from the slow (32 kHz IRC) or fast (2 MHz IRC)
internal reference clock, as selected by the C2[IRCS] bit. The FLL is operational but its output is not
used. This mode is useful to allow the FLL to acquire its target frequency while the MCGOUTCLK is
driven from the C2[IRCS] selected internal reference clock. The FLL clock (DCOCLK) is controlled
by the slow internal reference clock, and the DCO clock frequency locks to a multiplication factor, as
selected by C4[DRST_DRS] and C4[DMX32] bits, times the internal reference frequency. See the
C4[DMX32] bit description for more details. In FBI mode, the PLL is disabled in a low-power state
unless C5[PLLCLKEN] is set.

Table continues on the next page...
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Table 22-14. MCG modes of operation (continued)

Mode Description

FLL Bypassed External |FLL bypassed external (FBE) mode is entered when all the following conditions occur:
(FBE) « CA[CLKS] bits are written to 10
C1[IREFS] bit is written to 0

C1[FRDIV] must be written to divide external reference clock to be within the range of 31.25
kHz to 39.0625 kHz.

C6[PLLS] bit is written to 0
e C2[LP] is written to 0

In FBE mode, the MCGOUTCLK is derived from the external reference clock. The FLL is
operational but its output is not used. This mode is useful to allow the FLL to acquire its target
frequency while the MCGOUTCLK is driven from the external reference clock. The FLL clock
(DCOCLK) is controlled by the external reference clock, and the DCO clock frequency locks to a
multiplication factor, as selected by C4[DRST_DRS] and C4[DMX32] bits, times the divided external
reference frequency. See the C4[DMX