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About This Book

The primary objective of this user’s manual is téimke the functionality of the MCF5307
processors for use by software and hardware developers.

The information in this book is subject to change without notice, as described in the
disclaimers on the title page of this book. As with any technical documentation, it is the
readers’ responsibility to be sure they are using the most recent version of the
documentation.

To locate any published errata or updates for this document, refer to the world-wide web at
http://www.motorola.com/coldfire.

Audience

This manual is intended for system software and hardware developers and applications
programmers who want to develop products for the MCF5307. It is assumed that the reader
understands operating systems, microprocessor system design, basic principles of software
and hardware, and basic details of the ColdFire architecture.

Organization
Following is a summary and a brief description of the major sections of this manual:

e Chapter 1, “Overview,” includes general descriptions of the modules and features
incorporated in the MCF5307, focussing in particular on new features.

e Part |l is intended for system designers who need to understand the operation of the
MCF5307 ColdFire core.

— Chapter 2, “ColdFire Core,” provides an overview of the microprocessor core of
the MCF5307. The chapter begins with a description of enhancements from the
V2 ColdFire core, and then fully describes the V3 programming model as it is
implemented on the MCF5307. It also includes a full description of exception
handling, data formats, an instruction set summary, and a table of instruction
timings.

— Chapter 3, “Hardware Multiply/Accumulate (MAC) Unit,” describes the
MCF5307 multiply/accumulate unit, which executes integer multiply,

multiply-accumulate, and miscellaneous register instructions. The MAC is
integrated into the operand execution pipeline (OEP).
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— Chapter 4, “Local Memory.” This chapter describes the MCF5307
implementation of the ColdFire V3 local memory sfieation. It consists of the
two following major sections.

— Section 4.2, “SRAM Overview,” describes the MCF5307 on-chip static RAM
(SRAM) implementation. It covers general operations, configuration, and
initialization. It also provides information and examples showing how to
minimize power consumption when using the SRAM.

— Section 4.7, “Cache Overview,” describes the MCF5307 cache
implementation, including organization, configuration, and coherency. It
describes cache operations and how the cache interacts with other memory
structures.

— Chapter 5, “Debug Support,” describes the Revision C enhanced hardware debug
support in the MCF5307. This revision of the ColdFire debug architecture
encompasses earlier revisions.

e Part ll, “System Integration Module (SIM),” describes the system integration
module, which provides overall control of the bus and serves as the interface
between the ColdFire core processor complex and internal peripheral devices. It
includes a general description of the SIM and individual chapters that describe
components of the SIM, such as the phase-lock loop (PLL) timing source, interrupt
controller for peripherals, configuration and operation of chip selects, and the
SDRAM controller.

— Chapter 6, “SIM Overview,” describes the SIM programming model, bus
arbitration, and system-protection functions for the MCF5307.

— Chapter 7, “Phase-Locked Loop (PLL),” describes configuration and operation
of the PLL module. It describes in detail the registers and signals that support the
PLL implementation.

— Chapter 8, ‘¢C Module,” describes the MCF530%C module, including3C
protocol, clock synchronization, and the registers in48eprograming model.
It also provides extensive programming examples.

— Chapter 9, “Interrupt Controller,” describes operation of the interrupt controller
portion of the SIM. Includes descriptions of the registers in the interrupt
controller memory map and the interrupt priority scheme.

— Chapter 10, “Chip-Select Module,” describes the MCF5307 chip-select
implementation, including the operation and programming model, which
includes the chip-select address, mask, and control registers.

— Chapter 11, “Synchronous/Asynchronous DRAM Controller Module,”
describes cdiguration and operation of the synchronous/asynchronous DRAM
controller component of the SIM. It begins with a general description and brief
glossary, and includes a description of signals involved in DRAM operations.
The remainder of the chapter is divided between descriptions of asynchronous
and synchronous operations.
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e Part lll, “Peripheral Module,” describes the operation and configuration of the
MCF5307 DMA, timer, UART, and parallel port modules, and describes how they
interface with the system integration unit, described in Part Il.

— Chapter 12, “DMA Controller Module,” provides an overview of the DMA
controller module and describes in detail its signals and registers. The latter
sections of this chapter describe operations, features, and supported data transfer
modes in detail, showing timing diagrams for various operations.

— Chapter 13, “Timer Module,” describes configuration and operation of the two
general-purpose timer modules, timer 0 and timer 1. It includes programming
examples.

— Chapter 14, “UART Modules,” describes the use of the universal
asynchronous/synchronous receiver/transmitters (UARTS) implemented on the
MCF5307 and includes programming examples.

— Chapter 15, “Parallel Port (General-Purpose 1/0),” describes the operation and
programming model of the parallel port pin assignment, direction-control, and
data registers. It includes a code example for setting up the parallel port.

« Part IV, “Hardware Interface,” provides a pinout and both electrical and functional
descriptions of the MCF5307 signals. It also describes how these signals interact to
support the variety of bus operations shown in timing diagrams.

— Chapter 16, “Mechanical Data,” provides a functional pin listing and package
diagram for the MCF5307.

— Chapter 17, “Signal Descriptions,” provides an alphabetical listing of MCF5307
signals. This chapter describes the MCF5307 signals. In particular, it shows
which are inputs or outputs, how they are multiplexed, which signals require
pull-up resistors, and the state of each signal at reset.

— Chapter 18, “Bus Operation,” describes data transfers, error conditions, bus
arbitration, and reset operations. It describes transfers initiated by the MCF5307
and by an external bus master, and includes detailed timing diagrams showing
the interaction of signals in supported bus operations. Note that Chapter 11,
“Synchronous/Asynchronous DRAM Controller Module,” describes DRAM
cycles.

— Chapter 19, “IEEE 1149.1 Test Access Port (JTAG),” describes configuration
and operation of the MCF5307 JTAG test implementation. It describes the use of
JTAG instructions and provides information on how to disable JTAG
functionality.

— Chapter 20, “Electrical Specifications,” describes AC and DC electrical
speciftations and thermal characteristics for the MCF5307. Because additional
speeds may have become available since the publication of this book, consult
Motorola’s ColdFire web page, http://www.motorola.com/coldfire, to confirm
that this is the latest information.
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Suggested Reading
This manual includes the following appendix:
* Appendix A, “List of Memory Maps,” lists the entire address-map for MCF5307
memory-mapped registers.

This manual also includes a glossary and an index.

Suggested Reading

This section lists additional reading that provides background for the information in this
manual as well as general information about the ColdFire architecture.

General Information

The following documentation provides useful information about the ColdFire architecture
and computer architecture in general:

ColdFire Documentation

The ColdFire documentation is available from the sources listed on the back cover of this
manual. Document order numbers are included in parentheses for ease in ordering.

» ColdFire Programmers Reference Manual, R(IMZF5200PRM/AD)

e User's manuals—These books provide details about individual ColdFire
implementations and are intended to be used in conjunctioTilColdFire
Programmers Reference Manu&hese include the following:

— ColdFire MCF5102 User’'s ManugMCF5102UM/AD)
— ColdFire MCF5202 User’'s ManugMCF5202UM/AD)
— ColdFire MCF5204 User’'s ManugMCF5204UM/AD)
— ColdFire MCF5206 User's ManugMCF5206EUM/AD)
— ColdFire MCF5206E User's ManugMCF5206EUM/AD)
» ColdFire Programmers Reference Manual, RIMZF5200PRM/AD)

» Using Microprocessors and Microcomputers: The Motorola Farviiijliam C.
Wray, Ross Bannatyne, Joseph D. Greenfield

Additional literature on ColdFire implementations is being released as new processors
become available. For a current list of ColdFire documentation, refer to the World Wide
Web at http://www.motorola.com/ColdFire/.

Conventions

This document uses the following notational conventions:

MNEMONICS In text, instruction mnemonics are shown in uppercase.
mnemonics In code and tables, instruction mnemonics are shown in lowercase.
XXXV MCF5307 User's Manual @) MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



italics

0x0
0b0
REGIFIELD]

nibble
byte
word
longword
X

n

-

&
I

Freescale Semiconductor, Inc.
Acronyms and Abbreviations

Italics indicate variable command parameters.
Book titles in text are set in italics.

Prefix to denote hexadecimal number
Prefix to denote binary number

Abbreviations for registers are shown in uppercase. Specific bits,
fields, or ranges appear in brackets. For example, RAMBAR[BA]
identifies the base address field in the RAM base address register.

A 4-bit data unit

An 8-bit data unit
A 16-bit data unit
A 32-bit data unit

In some contexts, such as signal encodings, x indicates a don't care.
Used to express an undefined numerical value

NOT logical operator
AND logical operator
OR logical operator

Acronyms and Abbreviations

Table i lists acronyms and abbreviations used in this document.

Table i. Acronyms and Abbreviated Terms

Term Meaning
ADC Analog-to-digital conversion
ALU Arithmetic logic unit
AVEC Autovector
BDM Background debug mode
BIST Built-in self test
BSDL Boundary-scan description language
CODEC Code/decode
DAC Digital-to-analog conversion
DMA Direct memory access
DSP Digital signal processing
EA Effective address
EDO Extended data output (DRAM)
FIFO First-in, first-out
@> MOTOROLA AboutThis Book XXXV
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Acronyms and Abbreviations

Table i. Acronyms and Abbreviated Terms (Continued)

Term Meaning

GPIO General-purpose /0

1’c Inter-integrated circuit

IEEE Institute for Electrical and Electronics Engineers

IFP Instruction fetch pipeline

IPL Interrupt priority level

JEDEC Joint Electron Device Engineering Council

JTAG Joint Test Action Group

LIFO Last-in, first-out

LRU Least recently used

LSB Least-significant byte

Isb Least-significant bit

MAC Multiple accumulate unit

MBAR Memory base address register

MSB Most-significant byte

mshb Most-significant bit

Mux Multiplex

NOP No operation

OEP Operand execution pipeline

PC Program counter

PCLK Processor clock

PLL Phase-locked loop

PLRU Pseudo least recently used

POR Power-on reset

PQFP Plastic quad flat pack

RISC Reduced instruction set computing

Rx Receive

SIM System integration module

SOF Start of frame

TAP Test access port

TTL Transistor-to-transistor logic

Tx Transmit

UART Universal asynchronous/synchronous receiver transmitter
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Terminology and Notational Conventions

Table ii shows notational conventions used throughout this document.

Table ii Notational Conventions

Instruction ‘ Operand Syntax
Opcode Wildcard
cc ‘ Logical condition (example: NE for not equal)
Register Specifications
An Any address register n (example: A3 is address register 3)
Ay,AX Source and destination address registers, respectively
Dn Any data register n (example: D5 is data register 5)
Dy,Dx Source and destination data registers, respectively
Rc Any control register (example VBR is the vector base register)
Rm MAC registers (ACC, MAC, MASK)
Rn Any address or data register
Rw Destination register w (used for MAC instructions only)
Ry,Rx Any source and destination registers, respectively
Xi index register i (can be an address or data register: Ai, Di)
Register Names
ACC MAC accumulator register
CCR Condition code register (lower byte of SR)
MACSR MAC status register
MASK MAC mask register
PC Program counter
SR Status register
Port Name
PSTDDATA Processor status/debug data port
Miscellaneous Operands
#<data> Immediate data following the 16-bit operation word of the instruction
i Effective address
<ea>y,<ea>x | Source and destination effective addresses, respectively
<label> Assembly language program label
<list> List of registers for MOVEM instruction (example: D3-DO0)
<shift> Shift operation: shift left (<<), shift right (>>)
<size> Operand data size: byte (B), word (W), longword (L)
bc Both instruction and data caches
dc Data cache
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Terminology and Notational Conventions

Table ii Notational Conventions (Continued)

Instruction Operand Syntax
ic Instruction cache
# <vector> Identifies the 4-bit vector number for trap instructions
identifies an indirect data address referencing memory
<XXX> identifies an absolute address referencing memory
dn Signal displacement value, n bits wide (example: d16 is a 16-bit displacement)
SF Scale factor (x1, x2, x4 for indexed addressing mode, <<1n>> for MAC operations)
Operations

+ Arithmetic addition or postincrement indicator

- Arithmetic subtraction or predecrement indicator

X Arithmetic multiplication

/ Arithmetic division

~ Invert; operand is logically complemented

& Logical AND

| Logical OR

A Logical exclusive OR
<< Shift left (example: DO << 3 is shift DO left 3 bits)
>> Shift right (example: DO >> 3 is shift DO right 3 bits)

— Source operand is moved to destination operand

—— Two operands are exchanged

sign-extended

All bits of the upper portion are made equal to the high-order bit of the lower portion

If <condition>

Test the condition. If true, the operations after ‘then’ are performed. If the condition is false and the

then optional ‘else’ clause is present, the operations after ‘else’ are performed. If the condition is false
<operations> | and else is omitted, the instruction performs no operation. Refer to the Bcc instruction description
else as an example.
<operations>
Subfields and Qualifiers
{ Optional operation
0 Identifies an indirect address
dy Displacement value, n-bits wide (example: dg is a 16-bit displacement)
Address Calculated effective address (pointer)
Bit Bit selection (example: Bit 3 of DO)
Isb Least significant bit (example: Isb of DO)
LSB Least significant byte
LSW Least significant word
msb Most significant bit
MSB Most significant byte
MSW Most significant word
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Table ii Notational Conventions (Continued)

Instruction Operand Syntax

Condition Code Register Bit Names

C Carry
N Negative
\Y Overflow
X Extend
z Zero
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Chapter 1
Overview

This chapter is an overview of the MCF5307 ColdFire processor. It includes general
descriptions of the modules and features incorporated in the MCF5307.

1.1 Features

The MCF5307 integrated microprocessor combines a V3 ColdFire processor core with the
following components, as shown in Figure 1-1:

8-Kbyte unified cache

4-Kbyte on-chip SRAM

Integer/fractional multiply-accumulate (MAC) unit

Divide unit

System debug interface

DRAM controller for synchronous and asynchronous DRAM
Four-channel DMA controller

Two general-purpose timers

Two UARTSs

I2C™ interface
Parallel I/O interface
System integration module (SIM)

Designed for embedded control applications, the MCF5307 delivers 75 Dhrystone 2.1
MIPS at 90 MHz while minimizing system costs.

@) MOTOROLA Chapter 1. Overview 11
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V3 COLDFIRE PROCESSOR COMPLEX

Instruction Unit

Debug
Module

’

Branch Logic JAG | Instruction Fetch
= CCR IC1 | Pipeline (IFP)
1C2
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Purpose
Registers
AO-A7 Eight-Instruction
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' PSTCLK SRAM Controller
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| r—=——— q
| : | ACRO 8-Kbyte |_
CLKIN— p| |- PCLK ACR1 | | Cache
— L — — —— = 4
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A
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DRAM Control L
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DACR0/1 DMRO/1 R - General-
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7\ Timers
% 8 # 32-Bit Address Bus % 4
DRAM Controller & Yy 32-Bit Data Bus SAT
CS[7:0] Control Signals IRQ[1,3,5,7]
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Figure 1-1. MCF5307 Block Diagram
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Features common to many embedded applications, such as DMAs, various DRAM
controller interfaces, and on-chip memories, are integrated using advanced process
technologies.

The MCF5307 extends the legacy of Motorola’s 68K family by providing a compatible path
for 68K and ColdFire customers in which development tools and customer code can be
leveraged. In fact, customers moving from 68K to ColdFire can use code translation and
emulation tools that facilitate modifying 68K assembly code to the ColdFire architecture.

Based on the concept of variable-length RISC technology, the ColdFire family combines
the architectural simplicity of conventional 32-bit RISC with a memory-saving,
variable-length instruction set. In fileing the ColdFire architecture for embedded
processing applications, a 68K-code compatible core combines performance advantages of
a RISC architecture with the optimum code density of a streamlined, variable-length
M68000 instruction set.

By using a variable-length instruction set architecture, embedded system designers using
ColdFire RISC processors enjoy sijeant advantages over conventioffiaed-length

RISC architectures. The denser binary code for ColdFire processors consumes less memory
than manyfixed-length instruction set RISC processors available. This improved code
density means morefafient system memory use for a given application and allows use of
slower, less costly memory to help achieve a target performance level.

The MCF5307 is thefirst standard product to implement the Version 3 ColdFire
microprocessor core. To reach higher levels of frequency and performance, numerous
enhancements were made to the V2 architecture. Most notable are a deeper instruction
pipeline, branch acceleration, and afieni cache, which together provide 75 (Dhrystone
2.1) MIPS at 90 MHz. Increasing the internal speed of the core also allows higher
performance while providing the system designer with an easy-to-use lower speed system
interface. The processor complex frequency is an integer multiple, 2 to 4 times, of the
external bus frequency. The core clock can be stopped to support a low-power mode.

Serial communication channels are provided by #® interface module and two
programmable full-duplex UARTs. Four channels of DMA allow for fast data transfer using

a programmable burst mode independent of processor execution. The two 16-bit
general-purpose multimode timers provide separate input and output signals. For system
protection, the processor includes a programmable 16-bit software watchdog timer. In
addition, common system functions such as chip selects, interrupt control, bus arbitration,
and an IEEE 1149.1 JTAG module are included. A sophisticated debug interface supports
background-debug mode plus real-time trace and debug with expéedaylity of
on-chip breakpoint registers. This interface is present in all ColdFire standard products and
allows common emulator support across the entire family of microprocessors.
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1.2 MCF5307 Features

The following list summarizes MCF5307 features:
e ColdFire processor core
— Variable-length RISC, clock-multiplied Version 3 microprocessor core
— Fully code compatible with Version 2 processors

— Two independent decoupled pipelines: four-stage instruction fetch pipeline (IFP)
and two-stage operand execution pipeline (OEP)

— Eight-instruction FIFO buffer provides decoupling between the pipelines

— Branch prediction mechanisms for accelerating program execution

— 32-bit internal address bus supporting 4 Ghytes of linear address space

— 32-bit data bus

— 16 user-accessible, 32-bit-wide, general-purpose registers

— Supervisor/user modes for system protection

— Vector base register to relocate exception-vector table

— Optimized for high-level language constructs
* Multiply and accumulate unit (MAC)

— High-speed, complex arithmetic processing for DSP applications

— Tightly coupled to the OEP

— Three-stage execute pipeline with one clock issue rate for 16 x 16 operations

— 16 x 16 and 32 x 32 multiplies support, all with 32-bit accumulate

— Signed or unsigned integer support, plus signed fractional operands
» Hardware integer divide unit

— Unsigned and signed integer divide support

— Tightly coupled to the OEP

— 32/16 and 32/32 operation support producing quotient and/or remainder results
« 8-Kbyte unified cache

— Four-way set-associative organization

— Operates at higher processor core frequency

— Provides pipelined, single-cycle access to critical code and data

— Supports write-through and copyback modes

— Four-entry, 32-bit store buffer to improve performance of operand writes
» 4-Kbyte SRAM

— Programmable location anywhere within 4-Gbyte linear address space

— Higher core-frequency operation

— Pipelined, single-cycle access to critical code or data
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« DMA controller
— Four fully programmable channels: two support external requests
— Dual-address and single-address transfer support with 8-, 16-, and 32-bit data
capability
— Source/destination address pointers that can increment or remain constant
— 24-bit transfer counter per channel
— Operand packing and unpacking supported
— Auto-alignment transfers supported for efficient block movement
— Bursting and cycle steal support
— Two-bus-clock internal access
— Automatic DMA transfers from on-chip UARTS using internal interrupts
« DRAM controller

— Synchronous DRAM (SDRAM), extended-data-out (EDO) DRAM, and fast
page mode support

— Up to 512 Mbytes of DRAM

— Programmable timer provides CAS-before-RAS refresh for asynchronous
DRAMs

— Support for two separate memory blocks
» Two UARTs
— Full-duplex operation
— Programmable clock
— Modem control signals available (CTBTS
— Processor-interrupt capability
« Dual 16-bit general-purpose multiple-mode timers
— 8-bit prescaler
— Timer input and output pins
— Processor-interrupt capability
— Up to 22-nS resolution at 45 MHz

+ 12C module

— Interchip bus interface for EEPROMSs, LCD controllers, A/D converters, and
keypads

— Fully compatible with industry-standaré bus
— Master or slave modes support multiple masters
— Automatic interrupt generation with programmable level
* System interface module (SIM)
— Chip selects provide direct interface to 8-, 16-, and 32-bit SRAM, ROM,
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FLASH, and memory-mapped I/O devices
— Eight fully programmable chip selects, each with a base address register
— Programmable wait states and port sizes per chip select
— User-programmable processor clock/input clock frequency ratio
— Programmabile interrupt controller
— Low interrupt latency
— Four external interrupt request inputs
— Programmable autovector generator
— Software watchdog timer
» 16-bit general-purpose I/O interface
e |EEE 1149.1 test (JTAG) module
» System debug support
— Real-time trace for determining dynamic execution path while in emulator mode
— Background debug mode (BDM) for debug features while halted

— Real-time debug support, including 6 user-visible hardware breakpoint registers
supporting a variety of breakpoint configurations

— Supports comprehensive emulator functions through trace and breakpoint logic
e On-chip PLL
— Supports processor clock/bus clock ratios of 66/33, 66/22, 66/16.5, 90/45, 90/30,
and 90/22.5
— Supports low-power mode
« Product offerings
— 75 Dhrystone 2.1 MIPS at 90 MHz
— Implemented in 0.35 |, triple-layer-metal process technology with 3.3-V
operation (5.0-V compliant I/O pads)
— 208-pin plastic QFP package
— 0°-70° C operating temperature

1.2.1 Process

The MCF5307 is manufactured in a 0.35-p CMOS process with triple-layer-metal routing
technology. This process combines the high performance and low power needed for
embedded system applications. Inputs are 3.3-V tolerant; outputs are CMOS or open-drain
CMOS with outputs operating from VDD + 0.5 V to GND - 0.5 V, with guaranteed
TTL-level specifications.
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1.3 ColdFire Module Description

The following sections provide overviews of the various modules incorporated in the
MCF5307.

1.3.1 ColdFire Core

The Version 4 ColdFire core consists of two independent and decoupled pipelines to
maximize performance—the instruction fetch pipeline (IFP) and the operand execution
pipeline (OEP).

1.3.1.1 Instruction Fetch Pipeline (IFP)

The four-stage instruction fetch pipeline (IFP) is designed to prefetch instructions for the
operand execution pipeline (OEP). Because the fetch and execution pipelines are decoupled
by a eight-instruction FIFO buffer, the fetch mechanism can prefetch instructions in
advance of their use by the OEP, thereby minimizing the time stalled waiting for
instructions. To maximize the performance of branch instructions, the Version 3 IFP
implements a branch prediction mechanism. Backward branches are predicted to be taken.
The prediction for forward branches is controlled by a bit in the Condition Code Register
(CCR). These predictions allow the IFP to redirect the fetch stream down the path predicted
to be taken well in advance of the actual instruction execution. The result fecaighy
improved performance.

1.3.1.2 Operand Execution Pipeline (OEP)

The prefetched instruction stream is gated from the FIFO buffer into the two-stage OEP.
The OEP consists of a traditional two-stage RISC compute engine with a rélgistecess
feeding an arithmetic/logic unit (ALU). The OEP decodes the instruction, fetches the
required operands and then executes the required function.

1.3.1.3 MAC Module

The MAC unit provides signal processing capabilities for the MCF5307 in a variety of
applications including digital audio and servo control. Integrated as an execution unit in the
processor’s OEP, the MAC unit implements a three-stage arithmetic pipeline optimized for
16 x 16 multiplies. Both 16- and 32-bit input operands are supported by this design in
addition to a full set of extensions for signed and unsigned integers, plus §igtegoint
fractional input operands.

1.3.1.4 Integer Divide Module

Integrated into the OEP, the divide module performs operations using signed and unsigned
integers. The module supports word and longword divides producing quotients and/or
remainders.
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1.3.1.5 8-Kbyte Unified Cache

The MCF5307 architecture includes an 8-Kbyte fiedi cache. This four-way,
set-associative cache provides pipelined, single-cycle access on cached instructions and
operands.

As with all ColdFire caches, the cache controller implements a non-lockup, streaming

design. The use of processor-local memories decouples performance from external
memory speeds and increases available bandwidth for external devices or the on-chip
4-channel DMA.

The cache implements lirfél buffers to optimize 16-byte line burst accesses. Additionally,
the cache supports copyback, write-through, or cache-inhibited modes. A 4-entry, 32-bit
buffer is used for cache line push operations and can fegawad for deferred write
buffering in write-through or cache-inhibited modes.

1.3.1.6 Internal 4-Kbyte SRAM

The 4-Kbyte on-chip SRAM module provides pipelined, single-cycle access to memory
regions mapped to these devices. The memory can be mapped to any 0-modulo-32K
location in the 4-Gbyte address space. The SRAM module is useful for storing time-critical
functions, the system stack, or heavily-referenced data operands.

1.3.2 DRAM Controller

The MCF5307 DRAM controller provides a direct interface for up to two blocks of DRAM.
The controller supports 8-, 16-, or 32-bit memory widths and can easily interface to PC-100
DIMMs. A unique addressing scheme allows for increases in system memory size without
rerouting address lines and rewiring boards. The controller operates in normal mode or in
page mode and supports SDRAMs and EDO DRAMSs.

1.3.3 DMA Controller

The MCF5307 provides four fully programmable DMA channels for quick data transfer.
Dual- and single-address modes support bursting and cycle steal. Data transfers are 32 bits
long with packing and unpacking supported along with an auto-alignment option for
efficient block transfers. Automatic block transfers from on-chip serial UARTs are also
supported through the DMA channels.

1.3.4 UART Modules

The MCF5307 contains two UARTS, which function independently. Either UART can be
clocked by the system bus clock, eliminating the need for an external crystal. Each UART
module interfaces directly to the CPU, as shown in Figure 1-2.
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UART
l«—— CTS
Internal Channel Serial BTS
i F—>
Control Logic Communications
hannel l«—— RxD
— TxD
System Integration
Programmable BCLKO
Molc:th”eerr(uS;)ItM) Interrtli;(ajtg ?‘::ontrol Clook < o
Controller Generation External clock (TIN)

Figure 1-2. UART Module Block Diagram

Each UART module consists of the following major functional areas:

e Serial communication channel

« 16-bit divider for clock generation
< Internal channel control logic

* Interrupt control logic

Each UART contains an programmable clock-rate generator. Data formats can be 5, 6, 7,
or 8 bits with even, odd, or no parity, and up to 2 stop bits in 1/16 increments. The UARTs
include 4-byte and 2-byte FIFO buffers. The UART modules also provide several
error-detection and maskable-interrupt capabilities. Modem support includes
request-to-send (R)@nd clear-to-send (CJ$nes.

BCLKO provides the time base through a programmable prescaler. The UART time scale
can also be sourced from a timer input. Full-duplex, auto-echo loopback, local loopback,
and remote loopback modes allow testing of UART connections. The programmable
UARTSs can interrupt the CPU on various normal or error-condition events.

1.3.5 Timer Module

The timer module includes two general-purpose timers, each of which contains a
free-running 16-bit timer for use in any of three modes. One mode captures the timer value
with an external event. Another mode triggers an external signal or interrupts the CPU when
the timer reaches a set value, while a third mode counts external events.

The timer unit has an 8-bit prescaler that allows programming of the clock input frequency,
which is derived from the system bus cycle or an external clock input pin (TIN). The
programmable timer-output pin generates either an active-low pulse or toggles the output.

1.3.6 1°C Module

The EC interface is a two-wire, bidirectional serial bus used for quick data exchanges
between devices. Théa minimizes the interconnection between devices in the end system
and is best suited for applications that need occasional bursts of rapid communication over
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short distances among several devices. Ti® ¢an operate in master, slave, or
multiple-master modes.

1.3.7 System Interface

The MCF5307 processor provides a direct interface to 8-, 16-, and 32-bit FLASH, SRAM,
ROM, and peripheral devices through the use of fully programmable chip selects and write
enables. Support for burst ROMs is also included. Through the on-chip PLL, users can
input a slower clock (16.6 to 45 MHz) that is internally multiplied to create the faster
processor clock (33.3 to 90 MHz).

1.3.7.1 External Bus Interface

The bus interface controller transfers information between the ColdFire core or DMA and
memory, peripherals, or other devices on the external bus. The external bus interface
provides up to 32 bits of address bus space, a 32-bit data bus, and all associated control
signals. This interface implements an extended synchronous protocol that supports bursting
operations.

Simple two-wire request/acknowledge bus arbitration between the MCF5307 processor
and another bus master, such as an external DMA device, is glueless with arbitration logic
internal to the MCF5307 processor. Multiple-master arbitration is also available with some

simple external arbitration logic.

1.3.7.2 Chip Selects

Eight fully programmable chip select outputs support the use of external memory and
peripheral circuits with user-fiaed wait-state insertion. These signals interface to 8-, 16-,

or 32-bit ports. The base address, access permissions, and internal bus transfer terminations
are programmable with ctiguration registers for each chip select. G#€b provides

global chip select functionality of boot ROM upon reset for initializing the MCF5307.

1.3.7.3 16-Bit Parallel Port Interface

A 16-bit general-purpose programmable parallel port serves as either an input or an output
on a pin-by-pin basis.

1.3.7.4 Interrupt Controller

The interrupt controller provides user-programmable control of ten internal peripheral
interrupts and implements four exterfized interrupt-request pins. Each internal interrupt
can be programmed to any one of seven interrupt levels and four priority levels within each
of these levels. Additionally, the external interrupt request pins can be mapped to levels 1,
3,5, and 7 or levels 2, 4, 6, and 7. Autovector capability is available for both internal and
external interrupts.
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1.3.7.5 JTAG

To help with system diagnostics and manufacturing testing, the MCF5307 processor
includes dedicated user-accessible test logic that complies with the IEEE 1149.1a standard
for boundary-scan testability, often referred to as the Joint Test Action Group, or JTAG. For
more information, refer to the IEEE 1149.1a standard.

1.3.8 System Debug Interface

The ColdFire processor core debug interface is provided to support system debugging in
conjunction with low-cost debug and emulator development tools. Through a standard
debug interface, users can access real-time trace and debug information. This allows the
processor and system to be debugged at full speed without the need for costly in-circuit
emulators. The debug unit in the MCF5307 is a compatible upgrade to the MCF52xx debug
module with addedlexibility in the breakpoint registers and a new command to view the
program counter (PC).

The on-chip breakpoint resources include a total of 6 programmable registers—a set of
address registers (with two 32-bit registers), a set of data registers (with a 32-bit data
register plus a 32-bit data mask register), and one 32-bit PC register plus a 32-bit PC mask
register. These registers can be accessed through the dedicated debug serial communication
channel or from the processor’s supervisor mode programming model. The breakpoint
registers can be cbgured to generate triggers by combining the address, data, and PC
conditions in a variety of single or dual-levelfidiions. The trigger event can be
programmed to generate a processor halt or initiate a debug interrupt exception.

The MCF5307’s new interrupt servicing options during emulator mode allow real-time
critical interrupt service routines to be serviced while processing a debug interrupt event,
thereby ensuring that the system continues to operate even during debugging.

To support program trace, the Version 3 debug module provides processor status (PST[3:0])
and debug data (DDATA[3:0]) ports. These buses and the PSTCLK output provide
execution status, captured operand data, and branch target addréséeg plecessor
activity at the CPU’s clock rate.

1.3.9 PLL Module
The MCF5307 PLL module is shown in Figure 1-3.
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CLKIN
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Figure 1-3. PLL Module

The PLL module’s three modes of operation are described as follows.

+ Reset mode—When RSH asserted, the PLL enters reset mode. At reset, the PLL
asserts RSO from the MCF5307. The core:bus frequency ratio and other MCF5307
configuration information are sampled during reset.

« Normal mode—In normal mode, the input frequency programmed at reset is
clock-multiplied to provide the processor clock (PCLK).

* Reduced-power mode—In reduced-power mode, the PCLK is disabled by executing
a sequence that includes programming a control bit in the system configuration
register (SCR) and then executing the STOP instruction. Register contents are
retained in reduced-power mode, so the system can be reenabled quickly when an
unmasked interrupt or reset is detected.

1.4 Programming Model, Addressing Modes, and
Instruction Set

The ColdFire programming model has two privilege levels—supervisor and user. The S bit
in the status register (SR) indicates the privilege level. The processofiédeatlogical
address that differentiates between supervisor and user modes by accessing either the
supervisor or user address space.

e User mode—When the processor is in user mode (SR[S] = 0), only a subset of
registers can be accessed, and privileged instructions cannot be executed. Typically,
most application processing occurs in user mode. User mode is usually entered by
executing a return from exception instruction (RTE, assuming the value of SR[S]
saved on the stack is 0) or a MOVE, SR instruction (assuming SR[S] is 0).

» Supervisor mode—This mode protects system resources from uncontrolled access
by users. In supervisor mode, complete access is provided to all registers and the
entire ColdFire instruction set. Typically, system programmers use the supervisor
programming model to implement operating system functions and provide 1/O
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control. The supervisor programming model provides access to the same registers as
the user model, plus additional registers for configuring on-chip system resources,
as described in Section 1.4.3, “Supervisor Registers.”

Exceptions (including interrupts) are handled in supervisor mode.

1.4.1 Programming Model
Figure 1-4 shows the MCF5307 programming model.

31 0
[ DO Data registers
D1
D2
D3
D4
D5
D6
D7
31 0
A0 Address registers
0 Al
2 A2
> A3
14 Ad
g A5
o) A6
A7 Stack pointer
PC Program counter
CCR Condition code register
31 0
MACSR MAC status register
ACC MAC accumulator
MASK MAC mask register
15
[ 31 19 (CCR) | SR Status register
50 [ Must be zeros VBR Vector base register
2 I CACR Cache control register
& -g ACRO Access control register 0
%& ACR1 Access control register 1
o RAMBAR  RAM base address register
MBAR Module base address register

Figure 1-4. ColdFire MCF5307 Programming Model
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1.4.2 User Registers

The user programming model is shown in Figure 1-4 and summarized in Table 1-1.

Table 1-1. User-Level Registers

Register

Description

Data registers
(D0-D7)

These 32-bit registers are for bit, byte, word, and longword operands. They can also be used as
index registers.

Address registers
(A0-A7)

These 32-bit registers serve as software stack pointers, index registers, or base address
registers. The base address registers can be used for word and longword operations. A7
functions as a hardware stack pointer during stacking for subroutine calls and exception handling.

Program counter
(PC)

Contains the address of the instruction currently being executed by the MCF5307 processor

Condition code
register (CCR)

The CCR is the lower byte of the SR. It contains indicator flags that reflect the result of a previous
operation and are used for conditional instruction execution.

MAC status Defines the operating configuration of the MAC unit and contains indicator flags from the results
register (MACSR) | of MAC instructions.

Accumulator General-purpose register used to accumulate the results of MAC operations

(ACC)

Mask register General-purpose register provides an optional address mask for MAC instructions that fetch
(MASK) operands from memory. It is useful in the implementation of circular queues in operand memory.

1.4.3 Supervisor Registers

Table 1-2 summarizes the MCF5307 supervisor-level registers.

Table 1-2. Supervisor-Level Registers

Register

Description

Status register (SR)

The upper byte of the SR provides interrupt information in addition to a variety of mode indicators
signaling the operating state of the ColdFire processor. The lower byte of the SR is the CCR, as
shown in Figure 1-4.

Vector base register
(VBR)

Defines the upper 12 bits of the base address of the exception vector table used during exception
processing. The low-order 20 bits are forced to zero, locating the vector table on 0-modulo-1
Mbyte address.

Cache configuration
register (CACR)

Defines the operating modes of the Version 4 cache memories. Control fields configuring the
instruction, data, and branch cache are provided by this register, along with the default attributes
for the 4-Gbyte address space.

Access control
registers (ACRO/1)

Define address ranges and attributes associated with various memory regions within the 4-Gbyte
address space. Each ACR defines the location of a given memory region and assigns attributes
such as write-protection and cache mode (copyback, write-through, cacheability). Additionally,
CACR fields assign default attributes to the instruction and data memory spaces.

RAM base address
register RAMBAR)

Provide the logical base address for the 4-Kbyte SRAM module and define attributes and access
types allowed for the SRAM.

Module base address
register (MBAR)

Defines the logical base address for the memory-mapped space containing the control registers
for the on-chip peripherals.
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1.4.4 Instruction Set

The ColdFire instruction set supports high-level languages and is optimized for those
instructions most commonly generated by compilers in embedded applications. Table 2-8
provides an alphabetized listing of the ColdFire instruction set opcodes, supported
operation sizes, and assembler syntax. For two-operand instructiofissttioperand is
generally the source operand and the second is the destination.

Because the ColdFire architecture provides an upgrade path for 68K customers, its
instruction set supports most of the common 68K opcodes. A majority of the instructions

are binary compatible or optimized 68K opcodes. This feature, when coupled with the code
conversion tools from third-party developers, generally minimizes software porting issues

for customers with 68K applications.
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Part |
MCF5307 Processor Core

Intended Audience

Part| is intended for system designers who need a general understanding of the
functionality supported by the MCF5307. It also describes the operation of the MCF5307

Contents

e Chapter 2, “ColdFire Core,” provides an overview of the microprocessor core of the
MCF5307. The chapter begins with a description of enhancements from the V2
ColdFire core, and then fully describes the V3 programming model as it is
implemented on the MCF5307. It also includes a full description of exception
handling, data formats, an instruction set summary, and a table of instruction
timings.

e Chapter 3, “Hardware Multiply/Accumulate (MAC) Unit,” describes the MCF5307
multiply/accumulate unit, which executes integer multiply, multiply-accumulate,
and miscellaneous register instructions. The MAC is integrated into the operand
execution pipeline (OEP).

» Chapter 4, “Local Memory.” This chapter describes the MCF5307 implementation
of the ColdFire V3 local memory specification. It consists of the two following
major sections.

— Section 4.2, “SRAM Overview,” describes the MCF5307 on-chip static RAM
(SRAM) implementation. It covers general operations, configuration, and
initialization. It also provides information and examples showing how to
minimize power consumption when using the SRAM.

— Section 4.7, “Cache Overview,” describes the MCF5307 cache implementation,
including organization, configuration, and coherency. It describes cache
operations and how the cache interacts with other memory structures.

» Chapter 5, “Debug Support,” describes the Revision C enhanced hardware debug
support in the MCF5307. This revision of the ColdFire debug architecture
encompasses earlier revisions.
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Suggested Reading

The following literature may be helpful with respect to the topics in Part I
* ColdFire Programmers Reference Manual, R(MZF5200PRM/AD)

» Using Microprocessors and Microcomputers: The Motorola Farviijliam C.
Wray, Ross Bannatyne, Joseph D. Greenfield

Acronyms and Abbreviations

Table I-i contains acronyms and abbreviations are used in Part I.

Table I-i. Acronyms and Abbreviated Terms

Term Meaning
ADC Analog-to-digital conversion
ALU Arithmetic logic unit
BDM Background debug mode
BIST Built-in self test
BSDL Boundary-scan description language
CODEC Code/decode
DAC Digital-to-analog conversion
DMA Direct memory access
DSP Digital signal processing
EA Effective address
EDO Extended data output (DRAM)
FIFO First-in, first-out
GPIO
1’c Inter-integrated circuit
IEEE Institute for Electrical and Electronics Engineers
IFP Instruction fetch pipeline
IPL Interrupt priority level
JEDEC Joint Electron Device Engineering Council
JTAG Joint Test Action Group
LIFO Last-in, first-out
LRU Least recently used
LSB Least-significant byte
Isb Least-significant bit
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Table I-i. Acronyms and Abbreviated Terms (Continued)

Term Meaning

MAC Multiple accumulate unit

MBAR Memory base address register

MSB Most-significant byte

mshb Most-significant bit

Mux Multiplex

NOP No operation

OEP Operand execution pipeline

PC Program counter

PCLK Processor clock

PLL Phase-locked loop

PLRU Pseudo least recently used

POR Power-on reset

PQFP Plastic quad flat pack

RISC Reduced instruction set computing

Rx Receive

SIM System integration module

SOF Start of frame

TAP Test access port

TTL Transistor-to-transistor logic

Tx Transmit

UART Universal asynchronous/synchronous receiver transmitter
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Chapter 2
ColdFire Core

This chapter provides an overview of the microprocessor core of the MCF5307. The
chapter begins with a description of enhancements from the Version 2 (V2) ColdFire core,
and then fully describes the V3 programming model as it is implemented on the MCF5307.
It also includes a full description of exception handling, data formats, an instruction set
summary, and a table of instruction timings.

2.1 Features and Enhancements

The MCF5307 is thérst standard product to contain a Version 3 ColdFire microprocessor
core. To reach higher levels of frequency and performance, numerous enhancements were
made to the V2 architecture. Most notable are a deeper instruction pipeline, branch
acceleration, and a died cache, which together provide 75 (Dhrystone 2.1) MIPS at 90
MHz.

The MCF5307 core design emphasizes performance, and backward compatibility
represents the next step on the ColdFire performance roadmap.
The following list summarizes MCF5307 features:

e Variable-length RISC, clock-multiplied Version 3 microprocessor core

» Two independent, decoupled pipelines—four-stage instruction fetch pipeline (IFP)
and two-stage operand execution pipeline (OEP)

» Eight-instruction FIFO buffer provides decoupling between the pipelines
< Branch prediction mechanisms for accelerating program execution

e 32-bit internal address bus supporting 4 Gbytes of linear address space
e 32-bit data bus

e 16 user-accessible, 32-bit-wide, general-purpose registers

e Supervisor/user modes for system protection

« \ector base register to relocate exception-vector table

e Optimized for high-level language constructs
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2.1.1 Clock-Multiplied Microprocessor Core

The MCF5307 incorporates a clock-multiplying phase-locked loop (PLL). Increasing the
internal speed of the core also allows higher performance while providing the system
designer with an easy-to-use lower speed system interface.

The frequency of the processor complex can be 2x, 3x, or 4x the external bus speed.

The processor, cache, integrated SRAM, and misalignment module operate at the higher
speed clock (PCLK); other system integrated modules operate at the speed of the bus clock
(BCLKO). When combined with the enhanced pipeline structure of the Version 3 ColdFire
core, the processor and its local memories provide a high level of performance for today’s
demanding embedded applications.

PCLK can be disabled to minimize dissipation when a low-power mode is entered. This is
described in Section 7.2.3, “Reduced-Power Mode.”

2.1.2 Enhanced Pipelines

The IFP prefetches instructions. The OEP decodes instructions, fetches required operands,
then executes the spied function. The two independent, decoupled pipeline structures
maximize performance while minimizing core size. Pipeline stages are shown in Figure 2-1
and are summarized as follows:

» Four-stage IFP (plus optional instruction buffer stage)
— Instruction address generation (IAG) calculates the next prefetch address.

— Instruction fetch cycle 1 (IC1) initiates prefetch on the processor’s local
instruction bus.

— Instruction fetch cycle 2 (IC2) completes prefetch on the processor’s instruction
local bus.
— Instruction early decode (IED) generates time-critical decode signals needed for
the OEP.
— Instruction buffer (IB) optional stage uses FIFO queue to minimize effects of
fetch latency.
» Two-stage OEP

— Decode, select/operand fetch (DSOC) decodes the instruction and selects the
required components for the effective address calculation, or the operand fetch
cycle.

— Address generation/execute (AGEX) Calculates the oeprand address, or
performs the execution of the instruction.
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IC1 Instruction Address [31:0]
Fetch Cycle 1
Instruction
F(_atCh_ IC2 Instruction
Pipeline Fetch Cycle 2
Instruction
IED Early Decode
B FIFO
Instruction Buffer
L Y
Y
T < Data[31:0]
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Pipeline Address
AGEX Generation,
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Figure 2-1. ColdFire Enhanced Pipeline

2.1.2.1 Instruction Fetch Pipeline (IFP)

Because the fetch and execution pipelines are decoupled by an eight-instruction FIFO
buffer, the IFP can prefetch instructions before the OEP needs them, minimizing stalls.

2.1.2.1.1 Branch Acceleration

Because the IFP and the OEP are decoupled by the instruction buffer, the increased depth
of the IFP is generally hidden from the OEP’s instruction execution. The one exception is
change-of-fbw instructions such as unconditional branches or jumps, subroutine calls, and
taken conditional branches. To minimize the effects of the increased depth of the IFP, the
prefetched instruction stream is monitored for changieef-opcodes. When certain types

of change-offlow instructions are detected, the target instruction address is calculated, and
fetching immediately begins in the target stream.
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For example, if an unconditional BRA instruction is detected, the IED calculates the target
of the BRA instruction, and the IAG immediately begins fetching at the target address.

Because of the decoupled nature of the two pipelines, the target instruction is available to
the OEP immediately after the BRA instruction, giving it a single-cycle execution time.

The acceleration logic uses a static prediction algorithm when processing conditional
branch (Bcc) instructions. The default scheme is forward Bcc instructions are predicted as
not-taken, while backward Bcc instructions are predicted as taken. A user-mode control bit,
CCR[7], allows users to dynamically alter the prediction algorithm for forward Bcc
instructions. See Section 2.2.1.5, “Condition Code Register (CCR).

2.1.2.2 Operand Execution Pipeline (OEP)

The OEP is a two-stage pipeline featuring a traditional RISC datapath with a riigister
feeding an arithmetic/logic unit. For simple register-to-register instructionfyshetage

of the OEP performs the instruction decode and fetching of the required register operands
(OC), while the actual instruction execution is performed in the second stage (EX).

For memory-to-register instructions, the instruction is effectively staged through the OEP
twice in the following way:

* The instruction is decoded and the components of the operand address are selected
(DS).
» The operand address is generated using the “execute engine” (AG).

« The memory operand is fetched while any register operand is simultaneously
fetched (OC).

* The instruction is executed (EX).

For register-to-memory operations, the stage functions (DS/OC, AG/EX) are effectively
performed simultaneously allowing single-cycle execution. For read-modify-write
instructions, the pipeline effectively combines a memory-to-register operation with a store
operation.

2.1.2.2.1 lllegal Opcode Handling

To aid in conversion from M68000 code, every 16-bit operation word is decoded to ensure
that each instruction is valid. If the processor attempts execution of an illegal or
unsupported instruction, an illegal instruction exception (vector 4) is taken.

2.1.2.2.2 Hardware Multiply/Accumulate (MAC) Unit

The MAC is an optional unit in Version 3 that provides hardware support for a limited set
of digital signal processing (DSP) operations used in embedded code, while supporting the
integer multiply instructions in the ColdFire microprocessor family. The MAC features a
three-stage execution pipeline, optimized for 16 x 16 multiplies. It is tightly coupled to the
OEP, which can issue a 16 x 16 multiply with a 32-bit accumulation plus fetch a 32-bit
operand in a single cycle. A 32 x 32 multiply with a 32-bit accumulation requires three
cycles before the next instruction can be issued.
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Figure 2-2 shows basic functionality of the MAC. A full set of instructions are provided for
signed and unsigned integers plus signed, fixed-point fractional input operands.

l Operand Y ‘ l Operand X ‘

Shift 0,1,-1

Accumulator

\
Figure 2-2. ColdFire Multiply-Accumulate Functionality Diagram

The MAC provides functionality in the following three related areas, which are described
in detail in Chapter 3, “Hardware Multiply/Accumulate (MAC) Unit.”

» Signed and unsigned integer multiplies
» Multiply-accumulate operations with signed and unsigned fractional operands
e Miscellaneous register operations
2.1.2.2.3 Hardware Divide Unit
The hardware divide unit performs the following integer division operations:
» 32-bit operand/16-bit operand producing a 16-bit quotient and a 16-bit remainder
» 32-bit operand/32-bit operand producing a 32-bit quotient
« 32-bit operand/32-bit operand producing a 32-bit remainder

2.1.3 Debug Module Enhancements

The ColdFire processor core debug interface supports system integration in conjunction
with low-cost development tools. Real-time trace and debug information can be accessed
through a standard interface, which allows the processor and system to be debugged at full
speed without costly in-circuit emulators. The MCF5307 debug unit is a compatible
upgrade to the MCF52xx debug module with enhancements that include:

« A new command to obtain the value of the program counter (PC)
» Allowing ORing of terms in creating breakpoints
» Increased flexibility of the breakpoint registers
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On-chip breakpoint resources include the following:

» Configuration/status register (CSR)

e Background debug mode (BDM) address attributes register (BAAR)

» Bus attributes and mask register (AATR)

» Breakpoint registers. These can be used fimel¢riggers combining address, data,
and PC conditions in single- or dual-level definitions. They include the following:
— PC breakpoint register (PBR)
— PC breakpoint mask register (PBMR)
— Data operand address breakpoint registers (ABHR/ABLR)
— Data breakpoint register (DBR)

» Data breakpoint mask register (DBMR)

« Trigger ddinition register (TDR) can be programmed to generate a processor halt or
initiate a debug interrupt exception.

These registers can be accessed through the dedicated debug serial communication channel,
or from the processor’s supervisor programming model, using the WDEBUG instruction.

The enhancements of the Revision B debug §patibn are fully backward-compatible
with the A revision. For more information, see Chapter 5, “Debug Support.”

2.2 Programming Model

The MCF5307 programming model consists of three instruction and register groups—user,
MAC (also user-mode), and supervisor, shown in Figure 2-2. User mode programs are
restricted to user and MAC instructions and programming models. Supervisor-mode
system software can reference all user-mode and MAC instructions and registers and
additional supervisor instructions and control registers. The user or supervisor
programming model is selected based on SR[S]. The following sections describe the
registers in the user, MAC, and supervisor programming models.
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3 0
[ DO Data registers
D1
D2
D3
D4
D5
D6
D7
31 0
A0 Address registers
2] Al
2 A2
> A3
@ A4
2 A5
> A6
A7 Stack pointer
PC Program counter
CCR Condition code register
31 0
MACSR MAC status register
ACC MAC accumulator
MASK MAC mask register
15
[ 31 19 [ T [CCR |SR Status register
50 I Must be zeros VBR Vector base register
2 I CACR Cache control register
S -g ACRO Access control register 0
%& ACR1 Access control register 1
o RAMBAR  RAM base address register
MBAR Module base address register

Figure 2-3. ColdFire Programming Model

2.2.1 User Programming Model

As Figure 2-3 shows, the user programming model consists of the following registers:
» 16 general-purpose 32-bit registers, DO-D7 and A0—-A7
e 32-bit program counter
« 8-bit condition code register

2.2.1.1 Data Registers (D0-D7)

Registers DO-D7 are used as data registers for bit, byte (8-bit), word (16-bit), and longword
(32-bit) operations. They may also be used as index registers.

2.2.1.2 Address Registers (A0—A6)

The address registers (A0O—-A6) can be used as software stack pointers, index registers, or
base address registers and may be used for word and longword operations.
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2.2.1.3 Stack Pointer (A7, SP)

The processor core supports a single hardware stack pointer (A7) used during stacking for
subroutine calls, returns, and exception handling. The stack pointer is implicitly referenced
by certain operations and can be explicitly referenced by any instruction specifying an
address register. The initial value of A7 is loaded from the reset exception vector, address
0x0000. The same register is used for user and supervisor modes, and may be used for word
and longword operations.

A subroutine call saves the program counter (PC) on the stack and the return restores the
PC from the stack. The PC and the status register (SR) are saved on the stack during
exception and interrupt processing. The return from exception instruction restores SR and

PC values from the stack.

2.2.1.4 Program Counter (PC)

The PC holds the address of the executing instruction. For sequential instructions, the
processor automatically increments PC. When prodtam changes, the PC is updated
with the target instruction. For some instructions, the PC fispedhe base address for
PC-relative operand addressing modes.

2.2.1.5 Condition Code Register (CCR)

The CCR, Figure 2-4, occupies SR[7-0], as shown in Figure 2-3. CCR[4-0] are indicator
flags based on results generated by arithmetic operations.

7 6 5 4 3 2 1 0
Field| P — X ‘ N ‘ z ‘ \% ‘ C
Reset| 0 00 Undefined
R/W| R/W R R/W ‘ R/W ‘ R/W ‘ R/W ‘ R/W

Table 2-1. CCR Field Descriptions

Bits |Name Description

7 P Branch prediction bit. Alters the static prediction algorithm used by the branch acceleration logic in the
IFP on forward conditional branches.

0 Predicted as not-taken.

1 Predicted as taken.

6-5 — Reserved, should be cleared.
4 X Extend condition code bit. Assigned the value of the carry bit for arithmetic operations; otherwise not
affected or set to a specified result. Also used as an input operand for multiple-precision arithmetic.
3 N Negative condition code bit. Set if the msb of the result is set; otherwise cleared.
2 4 Zero condition code bit. Set if the result equals zero; otherwise cleared.
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Table 2-1. CCR Field Descriptions (Continued)

Bits |Name Description

1 \% Overflow condition code bit. Set if an arithmetic overflow occurs, implying that the result cannot be
represented in the operand size; otherwise cleared.

0 C Carry condition code bit. Set if a carry-out of the data operand msb occurs for an addition or if a
borrow occurs in a subtraction; otherwise cleared.

» Mask register (MASK)—This 16-bit general-purpose register provides an optional
address mask for MAC instructions that fetch operands from memory. It is useful in
the implementation of circular queues in operand memory.

« MAC status register (MACSR)—This 8-bit register defines configuration of the
MAC unit and contains indicatdiags affected by MAC instructions. Unless noted
otherwise, MACSR indicator flag settings are based on the final result, that is, the
result of the final operation involving the product and accumulator.

2.2.2 Supervisor Programming Model

The MCF5307 supervisor programming model is shown in Figure 2-3. Typically, system
programmers use the supervisor programming model to implement operating system
functions and provide memory and 1/O control. The supervisor programming model
provides access to the user registers and additional supervisor registers, which include the
upper byte of the status register (SR), the vector base register (VBR), and registers for
configuring attributes of the address space connected to the Version 3 processor core. Most
supervisor-mode registers are accessed by using the MOVEC instruction with the control
register definitions in Table 2-2.

Table 2-2. MOVEC Register Map

Rc[11-0] Register Definition

0x002 Cache control register (CACR)
0x004 Access control register 0 (ACRO0)

0x005 Access control register 1 (ACR1)

0x801 Vector base register (VBR)
0xC04 RAM base address register (RAMBAR)

O0xCOF Module base address register (MBAR)

2.2.2.1 Status Register (SR)

The SR stores the processor status, the interrupt priority mask, and other control bits.
Supervisor software can read or write the entire SR; user software can read or write only
SR[7-0], described in Section 2.2.1.5, “Condition Code Register (CCR).” The control bits
indicate processor states—trace mode (T), supervisor or user mode (S), and master or
interrupt state (M). SR is set to Ox&/after reset.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
System byte Condition code register (CCR)
Field| T — S M — | P — X N z \% C
Reset| 0 0 1 0 0 111 0 00 — — — — —
RW|RW | R |RW|RW]| R R/IW R/W R R/W | RIW | RIW | RIW | RIW

Figure 2-5. Status Register (SR)

Table 2-3 describes SR fields.
Table 2-3. Status Field Descriptions

Bits |Name Description
15 T Trace enable. When T is set, the processor performs a trace exception after every instruction.
13 S Supervisor/user state. Indicates whether the processor is in supervisor or user mode
0 User mode

1 Supervisor mode

12 M Master/interrupt state. Cleared by an interrupt exception. It can be set by software during execution
of the RTE or move to SR instructions so the OS can emulate an interrupt stack pointer.

10-8 || Interrupt priority mask. Defines the current interrupt priority. Interrupt requests are inhibited for all
priority levels less than or equal to the current priority, except the edge-sensitive level-7 request,
which cannot be masked.

7-0 CCR | Condition code register. See Table 2-1.

2.2.2.2 Vector Base Register (VBR)

The VBR holds the base address of the exception vector table in memory. The displacement
of an exception vector is added to the value in this register to access the vector table.
VBR[19-0] are not implemented and are assumed to be zero, forcing the vector table to be
aligned on a 0-modulo-1-Mbyte boundary.

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 O

Field| Exception vector table base address ‘ —

Reset 0000_0000_0000_0000_0000_0000_0000_0000

R/W| Written from a BDM serial command or from the CPU using the MOVEC instruction. VBR can be read from
the debug module only. The upper 12 bits are returned, the low-order 20 bits are undefined.

Rc[11-0] 0x801

Figure 2-6. Vector Base Register (VBR)
2.2.2.3 Cache Control Register (CACR)

The CACR controls operation of both the instruction and data cache memory. It includes
bits for enabling, freezing, and invalidating cache contents. It also includes bitfriorgle

the default cache mode and write-protéiefds. See Section 4.10.1, “Cache Control
Register (CACR).”
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2.2.2.4 Access Control Registers (ACRO-ACR1)

The access control registers (ACRO-ACR H)rdeattributes for two user-fileed memory
regions. Attributes include @eition of cache mode, write protect and buffer write enables.
See Section 4.10.2, “Access Control Registers (ACRO-ACRL1)."

2.2.2.5 RAM Base Address Register (RAMBAR)

The RAMBAR register determines the base address location of the internal SRAM module
and indicates the types of references mapped to it. The RAMBAR includes a base address,
write-protect bit, address space mask bits, and an enable. The RAM base address must be
aligned on a 0-modulo-32-Kbyte boundary. See Section 4.4.1, “SRAM Base Address
Register (RAMBAR)."

2.2.2.6 Module Base Address Register (MBAR)

The module base address register (MBARJirds the logical base address for the
memory-mapped space containing the control registers for the on-chip peripherals. See
Section 6.2.2, “Module Base Address Register (MBAR).”

2.3 Integer Data Formats

Table 2-4 lists the integer operand data formats. Integer operands can reside in registers,
memory, or instructions. The operand size for each instruction is either explicitly encoded
in the instruction or implicitly defined by the instruction operation.

Table 2-4. Integer Data Formats

Operand Data Format Size
Bit 1 bit
Byte integer 8 bits
Word integer 16 bits
Longword integer 32 hits

2.4 Organization of Data in Registers

The following sections describe data organization within the data, address, and control
registers.

2.4.1 Organization of Integer Data Formats in Registers

Figure 2-7 shows the integer format for data registers. Each integer data register is 32 bits
wide. Byte and word operands occupy the lower 8- and 16-bit portions of integer data
registers, respectively. Longword operands occupy the entire 32 bits of integer data
registers. A data register that is either a source or destination operand only uses or changes
the appropriate lower 8 or 16 bits in byte or word operations, respectively. The remaining
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high-order portion does not change. The leastfggmit bit (Isb) of all integer sizes is zero,
the most-sigriicant bit (msb) of a longword integer is 31, the msb of a word integer is 15,
and the msb of a byte integer is 7.

31 30 1 0

’msb‘ ‘ Isb ‘ Bit (0 < bit number < 31)
31 7 0

’ Not used ‘msb‘ Low order byte ‘ Isb ‘ Byte (8 bits)
31 15 0

’ Not used ‘msb‘ Lower order word ‘ Isb ‘ Word (16 bits)
31 0

’msb‘ Longword ‘ Isb ‘ Longword (32 bits)

Figure 2-7. Organization of Integer Data Formats in Data Registers

The instruction set encodings do not allow the use of address registers for byte-sized
operands. When an address register is a source operand, either the low-order word or the
entire longword operand is used, depending on the operation size. Word-length source
operands are sign-extended to 32 bits and then used in the operation with anaddress register
destination. When an address register is a destination, the entire register is affected,
regardless of the operation size. Figure 2-8 shows integer formats for address registers.

31 16 15 0
’ Sign-Extended ‘ 16-Bit Address Operand ‘

31 0
’ Full 32-Bit Address Operand ‘

Figure 2-8. Organization of Integer Data Formats in Address Registers

The size of control registers varies according to function. Some havéingudits
reserved for future dimition by Motorola. Those particular bits read as zeros and must be
written as zeros for future compatibility.

All operations to the SR and CCR are word-size operations. For all CCR operations, the
upper byte is read as all zeros and is ignored when written, regardless of privilege mode.

2.4.2 Organization of Integer Data Formats in Memory

All ColdFire processors use a big-endian addressing scheme. The byte-addressable
organization of memory allows lower addresses to correspond to higher order bytes. The

address N of a longword data item corresponds to the address of the high-order word. The
lower order word is located at address N + 2. The address N of a word data item corresponds
to the address of the high-order byte. The lower order byte is located at address N + 1. This
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organization is shown in Figure 2-9.

31 23 15 7 0
Longword 0x0000_0000

Word 0x0000_0000 Word 0x0000_0002
Byte 0x0000_0000 ‘ Byte 0x0000_0001 Byte 0x0000_0002 ‘ Byte 0x0000_0003

Longword 0x0000_0004
Word 0x0000_0004 Word 0x0000_0006

Byte 0x0000_0004 ‘ Byte 0x0000_0005 Byte 0x0000_0006 ‘ Byte 0x0000_0007

Longword OxFFFF_FFFC
Word OxFFFF_FFFC Word OXFFFF_FFFE
Byte OXFFFF_FFFC ‘ Byte OXFFFF_FFFD Byte OXFFFF_FFFE Byte OXFFFF_FFFF

Figure 2-9. Memory Operand Addressing

2.5 Addressing Mode Summary

Addressing modes are categorized by how they are used. Data addressing modes refer to
data operands. Memory addressing modes refer to memory operands. Alterable addressing
modes refer to alterable (writable) data operands. Control addressing modes refer to
memory operands without an associated size.

These categories sometimes combine to form more restrictive categories. Two combined
classiftations are alterable memory (both alterable and memory) and data alterable (both
alterable and data). Twelve of the most commonly used effective addressing modes from
the M68000 Family are available on ColdFire microprocessors. Table 2-5 summarizes
these modes and their categories;
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Table 2-5. ColdFire Effective Addressing Modes

Category
Addressing Modes Syntax '\él;?de EZ%
Data Memory Control Alterable
Register direct
Data Dn 000 reg. no. X — — X
Address An 001 reg. no. — — — X
Register indirect
Address (An) 010 reg. no. X X X X
Address with (An)+ 011 reg. no. X X — X
Postincrement —(An) 100 reg. no. X X — X
Address with (d16, An) 101 reg. no. X X X
Predecrement
Address with
Displacement
Address register indirect with
index (dg, An, 110 reg. no. X X X X
8-bit displacement Xi)
Program counter indirect
with displacement (d46, PC) 111 010 X X X —
Program counter indirect
with index (dg, PC, 111 011 X X X —
8-bit displacement Xi)
Absolute data addressing
Short (xxx).W 111 000 X X X —
Long (xxx).L 111 001 X X X —
Immediate H#H<XXX> 111 100 X X — —

2.6 Instruction Set Summary

The ColdFire instruction set is a sinfigd version of the M68000 instruction set. The
removed instructions include BCD, Wield, logical rotate, decrement and branch, and
integer multiply with a 64-bit result. Nine new MAC instructions have been added.

Table 2-6 lists notational conventions used throughout this manual.

Table 2-6. Notational Conventions

Instruction ‘ Operand Syntax

Opcode Wildcard

cc ‘ Logical condition (example: NE for not equal)
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Table 2-6. Notational Conventions (Continued)

Instruction Operand Syntax
Register Specifications
An Any address register n (example: A3 is address register 3)
Ay,AX Source and destination address registers, respectively
Dn Any data register n (example: D5 is data register 5)
Dy,Dx Source and destination data registers, respectively
Rc Any control register (example VBR is the vector base register)
Rm MAC registers (ACC, MAC, MASK)
Rn Any address or data register
Rw Destination register w (used for MAC instructions only)
Ry,Rx Any source and destination registers, respectively
Xi index register i (can be an address or data register: Ai, Di)
Register Names
ACC MAC accumulator register
CCR Condition code register (lower byte of SR)
MACSR MAC status register
MASK MAC mask register
PC Program counter
SR Status register
Port Name
DDATA Debug data port
PST Processor status port
Miscellaneous Operands
#<data> Immediate data following the 16-bit operation word of the instruction
i Effective address
<ea>y,<ea>x | Source and destination effective addresses, respectively
<label> Assembly language program label
<list> List of registers for MOVEM instruction (example: D3-D0)
<shift> Shift operation: shift left (<<), shift right (>>)
<size> Operand data size: byte (B), word (W), longword (L)
uc Unified cache
# <vector> Identifies the 4-bit vector number for trap instructions
identifies an indirect data address referencing memory
<XXX> identifies an absolute address referencing memory
dn Signal displacement value, n bits wide (example: d16 is a 16-bit displacement)
SF Scale factor (x1, x2, x4 for indexed addressing mode, <<1n>> for MAC operations)
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Table 2-6. Notational Conventions (Continued)

Instruction Operand Syntax
Operations

+ Arithmetic addition or postincrement indicator

- Arithmetic subtraction or predecrement indicator

X Arithmetic multiplication

/ Arithmetic division

~ Invert; operand is logically complemented

& Logical AND

| Logical OR

A Logical exclusive OR
<< Shift left (example: DO << 3 is shift DO left 3 bits)
>> Shift right (example: DO >> 3 is shift DO right 3 bits)
— Source operand is moved to destination operand

—— Two operands are exchanged

sign-extended

All bits of the upper portion are made equal to the high-order bit of the lower portion

If <condition>

Test the condition. If the condition is true, the operations in the then clause are performed. If the

then condition is false and the optional else clause is present, the operations in the else claue are
<operations> | performed. If the condition is false and the else clause is omitted, the instruction performs no
else operation. Refer to the Bcc instruction description as an example.
<operations>
Subfields and Qualifiers
{3 Optional operation
0 Identifies an indirect address
dy Displacement value, n-bits wide (example: dg is a 16-bit displacement)
Address Calculated effective address (pointer)
Bit Bit selection (example: Bit 3 of DO)
Isb Least significant bit (example: Isb of DO)
LSB Least significant byte
LSW Least significant word
msb Most significant bit
MSB Most significant byte
MSW Most significant word

Condition Code Register Bit Names
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Table 2-6. Notational Conventions (Continued)

Instruction Operand Syntax
P Branch prediction
C Carry
N Negative
\Y Overflow
X Extend
z Zero

2.6.1 Instruction Set Summary

Table 2-7 lists implemented user-mode instructions by opcode.

Table 2-7. User-Mode Instruction Set Summary

Instruction Operand Syntax Operand Size Operation

ADD Dy,<ea>x L Source + destination — destination
<ea>y,Dx .L

ADDA <ea>y,Ax L Source + destination — destination

ADDI #<data>,Dx L Immediate data + destination — destination

ADDQ #<data>,<ea>x L Immediate data + destination — destination

ADDX Dy,Dx L Source + destination + X — destination

AND Dy,<ea>x L Source & destination — destination
<ea>y,Dx L

ANDI #<data>,Dx L Immediate data & destination — destination

ASL Dy,Dx L X/C <~ (Dx<<Dy) <0
#<data>,Dx L XIC < (Dx << #<data>) <~ 0

ASR Dy,Dx L MSB — (Dx >> Dy) — X/C
#<data>,Dx L MSB — (Dx >> #<data>) — X/C

Bcc <label> .B,.\W If condition true, then PC + 2 + d,, = PC

BCHG Dy,<ea>x .B,.L ~(<bit number> of destination) — Z,
#<data>,<ea-1>x B,.L Bit of destination

BCLR Dy,<ea>x .B,.L ~(<bit number> of destination) — Z;
#<data>,<ea-1>x .B,.L 0 — bit of destination

BRA <label> .B,.W PC+2+d,—PC

BSET Dy,<ea>x .B,.L ~(<bit number> of destination) — Z;
#<data>,<ea-1>x .B,.L 1— bit of destination

BSR <label> .B,.W SP — 4 — SP; next sequential PC— (SP); PC + 2 +d, — PC

BTST Dy,<ea>x .B,.L ~(<bit number> of destination) — Z
#<data>,<ea-1>x .B,.L

CLR <ea>y,Dx .B,.W,.L 0 — destination

CMP <ea>y,Ax L Destination — source

CMPA <ea>y,Dx L Destination — source

M) MmoTOorROLA
™

Chapter 2. ColdFire Core

2-37

For More Information On This Product,
Go to: www.freescale.com




Freescale Semiconductor, Inc.

Instruction Set Summary

Table 2-7. User-Mode Instruction Set Summary (Continued)

Instruction Operand Syntax Operand Size Operation
CMPI <ea>y,Dx L Destination — immediate data
DIVS <ea-1>y,Dx A Dx /<ea>y — Dx {16-bit remainder; 16-bit quotient}
<ea>y,Dx L Dx /<ea>y — Dx {32-bit quotient}
Signed operation
DIVU <ea-1>y,Dx W Dx /<ea>y — Dx {16-bit remainder; 16-bit quotient}
Dy,<ea>x L Dx /<ea>y — Dx {32-bit quotient}
Unsigned operation
EOR Dy,<ea>x L Source " destination — destination
EORI #<data>,Dx L Immediate data ” destination — destination
EXT #<data>,Dx .B—-W Sign-extended destination — destination
W—L
EXTB Dx B—.L Sign-extended destination — destination
HALT? None Unsized Enter halted state
JMP <ea-3>y Unsized Address of <ea> — PC
JSR <ea-3>y Unsized SP — 4 — SP; next sequential PC — (SP); <ea> — PC
LEA <ea-3>y,Ax L <ea> — AX
LINK Ax,#<d16> W SP — 4 — SP; AXx — (SP); SP — Ax; SP + d16 — SP
LSL Dy,Dx L XIC <~ (Dx << Dy) <0
#<data>,Dx L XIC < (Dx << #<data>) < 0
LSR Dy,Dx L 0 — (Dx >> Dy) — X/C
#<data>,Dx L 0 — (Dx >> #<data>) — X/C
MAC Ry,RXSF L+ (Wx.W)—.L ACC + (Ry x Rx)}{<< 1| >>1} — ACC
L+(Lx.l)y—.L ACC + (Ry x Rx){<< 1| >> 1} — ACC; (<ea>y{&MASK}) —
Rw
MACL Ry,RXxSF<ea-1>y,Rw |.L + (W x .W) — .L,.L | ACC + (Ry x Rx){<< 1| >> 1} - ACC
L+(Lx.L)—.L .L |ACC+ (RyxRx){<<1]|>>1}— ACC; (<ea-1>y{&MASK})
— Rw
MOVE <ea>y,<ea>X .B,.W,.L <ea>y — <ea>Xx
MOVE from | MASK,Rx L Rm — Rx
MAC ACC,Rx
MACSR,Rx
MACSR,CCR L MACSR — CCR
MOVE to Ry,ACC L Ry — Rm
MAC Ry,MACSR
Ry,MASK
#<data>,ACC L #<data> — Rm
#<data>,MACSR
#<data>,MASK
MOVE from | CCR,Dx W CCR — Dx
CCR
MOVE to Dy,CCR B Dy — CCR
CCR #<data>,CCR #<data> — CCR
MOVEA <ea>y,Ax W,.L— L Source — destination
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Table 2-7. User-Mode Instruction Set Summary (Continued)

Instruction Operand Syntax Operand Size Operation
MOVEM #<list>,<ea-2>x L Listed registers — destination
<ea-2>y,#<list> L Source — listed registers
MOVEQ #<data>,Dx B—.L Sign-extended immediate data — destination
MSAC Ry,RXSF L-(Wx.W)—.L ACC — (Ry x Rx){<< 1| >> 1} - ACC
L-(Lx.L)—.L
MSACL Ry,RXSF<ea-1>y,Rw | .L- (W x.W) = .L,.L | ACC - (Ry x Rx){<< 1| >> 1} — ACC;
L-(Lx.L)—.L L |(<ea-1>y{&MASK}) - Rw
MULS <ea>y,Dx WX .W— L Source x destination — destination
LXL—=.L Signed operation
MULU <ea>y,Dx WX.W— L Source x destination — destination
LXL—=.L Unsigned operation
NEG Dx L 0 — destination — destination
NEGX Dx L 0 — destination — X — destination
NOP none Unsized Synchronize pipelines; PC + 2 — PC
NOT Dx L ~ Destination — destination
OR <ea>y,Dx L Source | destination — destination
Dy,<ea>x
ORI #<data>,Dx L Immediate data | destination — destination
PEA <ea-3>y L SP — 4 — SP; Address of <ea> — (SP)
PULSE none Unsized Set PST= 0x4
REMS <ea-1>,Dx L Dx/<ea>y — Dw {32-bit remainder}
Signed operation
REMU <ea-1>,Dx L Dx/<ea>y — Dw {32-bit remainder}
Unsigned operation
RTS none Unsized (SP) - PC;SP +4 — SP
Scc Dx B If condition true, then 1s — destination;
Else Os — destination
SUB <ea>y,Dx L Destination — source — destination
Dy,<ea>x L
SUBA <ea>y,Ax L Destination — source — destination
SuBI #<data>,Dx L Destination — immediate data — destination
SUBQ #<data>,<ea>x L Destination — immediate data — destination
SUBX Dy,Dx L Destination — source — X — destination
SWAP Dx W MSW of Dx <=— LSW of Dx
TRAP #<vector> Unsized SP -4 — SP;PC — (SP);
SP -2 — SP;SR — (SP);
SP — 2 — SP; format — (SP);
Vector address — PC
TRAPF None Unsized PC+2—PC
#<data> W PC+4—PC
L PC+6 — PC
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Table 2-7. User-Mode Instruction Set Summary (Continued)

Instruction Operand Syntax Operand Size Operation
TST <ea>y .B,.W,.L Set condition codes

UNLK Ax Unsized Ax —SP; (SP) — Ax; SP + 4 — SP
WDDATA <ea>y .B,.W,.L <ea>y —DDATA port

1 By default the HALT instruction is a supervisor-mode instruction; however, it can be configured to allow user-mode

execution by setting CSR[UHE].

Table 2-8 describes supervisor-mode instructions.
Table 2-8. Supervisor-Mode Instruction Set Summary

Instruction Operand Syntax Qperand Size Operation
CPUSHL (An) Unsized Invalidate instruction cache line
Push and invalidate data cache line
Push data cache line and invalidate (I,D)-cache lines
HALT? none Unsized Enter halted state
MOVE from SR | SR, Dx AW SR — Dx
MOVE to SR Dy,SR W Source — SR
#<data>,SR
MOVEC Ry,Rc L Ry — Rc
Rc Register Definition
0x002 Cache control register (CACR)
0x004  Access control register 0 (ACRO)
0x005 Access control register 1 (ACR1)
0x006 Access control register 2 (ACR2)
0x007  Access control register 3 (ACR3)
0x801 Vector base register (VBR)
0xC04 RAM base address register 0 (RAMBARO)
0xC05 RAM base address register 1 (RAMBARL1)
RTE None Unsized (SP+2) — SR; SP+4 — SP; (SP) — PC; SP + formatfield — SP
STOP #<data> W Immediate data — SR; enter stopped state
WDEBUG <ea-2>y L <ea-2>y — debug module

1

2.7 Instruction Timing

The HALT instruction can be configured to allow user-mode execution by setting CSR[UHE].

The timing data presented in this section assumes the following:
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The OEP is loaded with the opword and all required extension words at the
beginning of each instruction execution. This implies that the OEP spends no time
waiting for the IFP to supply opwords and/or extension words.

The OEP experiences no sequence-related pipeline stalls. For the MCF5307, the
most common example of this type of stall involves consecutive store operations,
excluding the MOVEM instruction. For all store operations (except MOVEM),
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certain hardware resources within the processor are marked as “busy” for two clock
cycles after the final DSOC cycle of the store instruction. If a subsequent store
instruction is encountered within this two-cycle window, it is stalled until the
resource again becomes available. Thus, the maximum pipeline stall involving
consecutive store operations is two cycles.

e The OEP can complete all memory accesses without memory causing any stall
conditions. Thus, timing details in this section assume an infinite zero-wait state
memory attached to the core.

» All operand data accesses are assumed to be aligned on the same byte boundary as
the operand size:

— 16-bit operands aligned on 0-modulo-2 addresses
— 32-bit operands aligned on 0-modulo-4 addresses

Operands that do not meet these guidelines are misaligned. Table 2-9 shows how the
core decomposes a misaligned operand reference into a series of aligned accesses.

Table 2-9. Misaligned Operand References

A[1:0] Size Bus Operations Additional CR/W) 1
x1 Word Byte, Byte 2(1/0) if read
1(0/1) if write
x1 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

i

Each timing entry is presented as C(r/w), described as follows:

C is the number of processor clock cycles, including all applicable operand fetches and writes, as
well as all internal core cycles required to complete the instruction execution.

riw 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).

2.7.1 MOVE Instruction Execution Times

The execution times for the MOVE.{B,W,L} instructions are shown in the next tables.
Table 2-12 shows the timing for the other generic move operations.

NOTE:

For all tables in this chapter, the execution time of any
instruction using the PC-relative effective addressing modes is
equivalent to the time using comparable An-relative mode.

ET with {<ea> = (d16,PC)} equals ET with {<ea> = (d16,An)}
ET with {<ea> = (d8,PC,Xi*SF)} equals ET with {<ea> = (d8,An,Xi*SF)}

The nomenclature “(xxx).wl” refers to both forms of absolute
addressing, (xxx).w and (xxx).l.
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Table 2-10 lists execution times for MOVE.{B,W} instructions.
Table 2-10. 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) 4(1/0) 4(1/1) 4(1/1) 4(11) 4(1/1) 5(1/1) 4(1/1)

(Ay)+ 4(1/0) 4(1/1) 4(1/1) 4(1/1) 4(1/1) 5(1/1) 4(1/1)

-(Ay) 4(1/0) 4(1/1) 4(1/1) 4(1/1) 4(1/1) 5(1/1) 4(1/1)
(d16,Ay) 4(1/0) 4(1/1) 4(1/1) 4(1/1) 4(1/1) — —
(d8,Ay,Xi*SF) 5(1/0) 5(1/1) 5(1/1) 5(1/1) — — —
(xxx).w 4(1/0) 4(1/1) 4(1/1) 4(1/1) — — —
(xxx).1 4(1/0) 4(1/1) 4(1/1) 4(11) — — —
(d16,PC) 4(1/0) 4(1/1) 4(1/1) 4(1/1) 4(1/1) — —
(d8,PC,Xi*SF) 5(1/0) 5(1/1) 5(1/1) 5(1/1) — — —
H<XXX> 1(0/0) 2(0/1) 2(0/1) 2(0/1) — — —

Table 2-11 lists timings for MOVE.L.
Table 2-11. Move Long 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(011) 1(0/1) 1(011) 2(0/1) 1(0/1)

(Ay) 3(1/0) 3(1/1) 3(1/1) 3(1/1) 3(1/1) 4(1/1) 3(1/1)

(Ay)+ 3(1/0) 3(1/1) 3(1/1) 3(1/1) 3(1/1) 4(1/1) 3(1/1)

-(Ay) 3(1/0) 3(1/1) 3(1/1) 3(1/1) 3(1/1) 4(1/1) 3(1/1)
(d16,Ay) 3(1/0) 3(1/1) 3(1/1) 3(1/1) 3(1/1) — —
(d8,Ay,Xi*SF) 4(1/0) 4(1/1) 4(1/1) 4(1/1) — — —
(xxx).w 3(1/0) 3(1/1) 3(1/1) 3(1/1) — — —
(xxx).1 3(1/0) 3(1/1) 3(1/1) 3(1/1) — — —
(d16,PC) 3(1/0) 3(1/1) 3(1/1) 3(1/1) 3(1/1) — —
(d8,PC,Xi*SF) 4(1/0) 4(1/1) 4(1/1) 4(1/1) — — —
HXXX> 1(0/0) 2(0/1) 2(0/1) 2(0/1) — — —

Table 2-12 gives execution times for MOVE.L instructions accessing program-visible
registers of the MAC unit, along with other MOVE.L timings. Execution times for moving
contents of the ACC or MACSR into a destination location represent the best-case scenario
when the store instruction is executed and there are no load or MAC or MSAC instruction
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in the MAC execution pipeline.
Table 2-12. MAC Move Execution Times

Instruction Timing

) Effective Address
Opcode |
Rn (An) (An)+ | -(An) |(d16,An) (d8,An,Xi*SF) |(xxX).wl  F<xxx>
move.| <ea>,ACC 1(0/0) — — — — — — 1(0/0)
move.| <ea>MACSR | 2(0/0) — — — — — — 2(0/0)
move.| <ea>,MASK 1(0/0) — — — — — — 1(0/0)
move.| ACC,Rx 3(0/0) — — — — — — —
move.l | MACSR,CCR | 3(0/0) — — — — — — —
move.l MACSR,Rx 3(0/0) — — — — — — —
move.| MASK,Rx 3(0/0) — — — — — — —
2.7.2 Execution Timings—One-Operand Instructions
Table 2-13 shows standard timings for single-operand instructions.
Table 2-13. One-Operand Instruction Execution Times
) Effective Address
Opcode | |
Rn (An) (An)+ -(An) (d16,An) |(d8,An,Xi*SF)  |(xxx).wl HXXX
clrb i 1{0/0) 1(0/1) 10/1)  1(/1) 1(0/1) 2(0/1) 1(0/1) —
clrw i 1{0/0) 1(0/1) 10/1)  1(o/1) 1(0/1) 2(0/1) 1(0/1) —
clr.l i 1{0/0) 1{(0/1) 1) 1) 1(or) 2(0/1) 1{0r1) —
ext.w Dx 1(0/0) — — — — — — —
ext.| Dx 1(0/0) — — — — — — —
extb.| Dx 1(0/0) — — — — — — —
neg.! Dx 1(0/0) — — — — — — —
negx.| Dx 1(0/0) — — — — — — —
not.| Dx 1(0/0) — — — — — — —
scc Dx 1(0/0) — — — — — — —
swap Dx 1(0/0) — — — — — — —
tsth i 1(0/0) 41/0)  a@o) 4oy 4[1/0) 5(1/0) 4(1/0) 0/0)
tst.w i 1{0/0) 4(1/0) 4(L/I0)  4(L/0) 4(1/0) 5(1/0) 4(1/0) 0/0)
tst.l i 1{0/0) 3(1/0) 3(L/0)  3(1/0) 3(1/0) 4(1/0) 3(1/0) 0/0)

2.7.3 Execution Timings—Two-Operand Instructions

Table 2-14 shows standard timings for two-operand instructions.
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Table 2-14. Two-Operand Instruction Execution Times

) Effective Address
Opcode |
Rn (An) (An)+ | -(An) [(d16,An) ([d8,An,Xi*SF) |(xxx).wl H<XXX>
add.| <ea>,Rx 1(0/0) | 4(1/0) | 4(1/0) | 4(1/0) | 4(1/0) 5(1/0) 4(1/0) 1(0/0)
add.| Dy,<ea> — 4(1/1) | 4(1) | 4(1/1) | 4(1/) 5(1/1) 4(1/1) —
addi.l #imm,Dx 1(0/0) — — — — — — —
addq.| #imm,<ea> 1(0/0) | 4(1/1) | 4(1/1) | 4(1/1) | 4(1/1) 5(1/1) 4(1/1) —
addx.| Dy,Dx 1(0/0) — — — — — — —
and.| <ea>,Rx 1(0/0) | 4(1/0) | 4(1/0) | 4(1/0) | 4(1/0) 5(1/0) 4(1/0) 1(0/0)
and.| Dy,<ea> — 4(1/1) | 4(1/1) | 4(1) | 4(n) 5(1/1) 4(1/1) —
andi.l #imm,Dx 1(0/0) — — — — — — —
asl.| <ea>,Dx 1(0/0) — — — — — — 1(0/0)
asr.| <ea>,Dx 1(0/0) — — — — — — 1(0/0)
bchg Dy,<ea> 2(0/0) | 5(1/1) | 5(1/1) | 5(1/1) 5(1/1) 6(1/1) 5(1/1) —
bchg #imm,<ea> 2(0/0) | 5(1/1) | 5(1/1) | 5(1/1) | 5(1/1) — — —
belr Dy,<ea> 2(0/0) | 5(1/1) | 5(1/1) | 5(1/1) 5(1/1) 6(1/1) 5(1/1) —
belr #imm,<ea> 2(0/0) | 5(1/1) | 5(1/1) | 5(1/1) 5(1/1) — — —
bset Dy,<ea> 2(0/0) | 5(1/1) | 5(1/1) | 5(1/1) | 5(1/1) 6(1/1) 5(1/1) —
bset #imm,<ea> 2(0/0) | 5(1/1) | 5(1/1) | 5(1/1) 5(1/1) — — —
btst Dy,<ea> 1(0/0) | 4(1/0) | 4(1/0) | 4(1/0) | 4(1/0) 5(1/0) 4(1/0) —
btst #imm,<ea> 1(0/0) | 4(1/0) | 4(1/0) | 4(1/0) | 4(1/0) — — —
cmp.| <ea>,Rx 1(0/0) | 4(1/0) | 4(1/0) | 4(1/0) | 4(1/0) 5(1/0) 4(1/0) 1(0/0)
cmpi.l #imm,Dx 1(0/0) — — — — — — —
divs.w <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)
divu.w <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.| <ea>,Dx 35(0/0) | 35(1/0) | 35(1/0) | 35(1/0) | 35(1/0) — — —
divu.l <ea>,Dx 35(0/0) | 35(1/0) | 35(1/0) | 35(1/0) | 35(1/0) — — —
eorl Dy,<ea> 1(0/0) | 4(1/1) | 4(1/1) | 4(1/1) | 4(11) 5(1/1) 4(1/1) —
eori.l #imm,Dx 1(0/0) — — — — — — —
lea <ea>,Ax — 1(0/0) — — 1(0/0) 2(0/0) 1(0/0) —
Isl.I <ea>,Dx 1(0/0) — — — — — — 1(0/0)
Isr.| <ea>,Dx 1(0/0) — — — — — — 1(0/0)
mac.w Ry,Rx 1(0/0) — — — — — — —
mac.| Ry,Rx 3(0/0) — — — — — — —
msac.w Ry,Rx 1(0/0) — — — — — — —
msac.| Ry,Rx 3(0/0) — — — — — — —
mac.w Ry,Rx,ea,Rw — 3(1/0) | 3(1/0) | 3(1/0) 3(1/0) — — —
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Table 2-14. Two-Operand Instruction Execution Times (Continued)

Effective Address

Opcode i
Rn (An) (An)+ | -(An) |(d16,An) (d8,An,Xi*SF) |(xxx).wl fH<XXX>
mac.| Ry,Rx,ea,Rw — 5(1/0) | 5(1/0) | 5(1/0) | 5(1/0) — — —
moveq #imm,Dx — — — — — — — 1(0/0)
msac.w Ry,Rx,ea,Rw — 3(1/0) | 3(1/0) | 3(1/0) 3(1/0) — — —
msac.| Ry,Rx,ea,Rw — 5(1/0) | 5(1/0) | 5(1/0) 5(1/0) — — —
muls.w <ea>,Dx 3(0/0) | 6(1/0) | 6(1/0) | 6(1/0) | 6(1/0) 7(1/0) 6(1/0) 3(0/0)
mulu.w <ea>,Dx 3(0/0) | 6(1/0) | 6(1/0) | 6(1/0) | 6(2/0) 7(1/0) 6(1/0) 3(0/0)
muls.| <ea>,Dx 5(0/0) | 8(1/0) | 8(1/0) | 8(1/0) | 8(1/0) — — —
mulu.l <ea>,Dx 5(0/0) | 8(1/0) | 8(1/0) | 8(1/0) 8(1/0) — — —
orl <ea>,Rx 1(0/0) | 4@/0) | a@o) | 4oy | 4@io) 5(1/0) 4(1/0) 1(0/0)
orl Dy,<ea> — |aan | aan) | awy) | aan) 5(1/1) 4(1/1) —
or.l #imm,Dx 1(0/0) — — — — — — —
rems.| <ea>,Dx 35(0/0) | 35(1/0) | 35(1/0) | 35(1/0) | 35(1/0) — — —
remu.| <ea>,Dx 35(0/0) | 35(1/0) | 35(1/0) | 35(1/0) | 35(1/0) — — —
sub.| <ea>,Rx 1(0/0) | 4(1/0) | 4(1/0) | 4(1/0) | 4(1/0) 5(1/0) 4(1/0) 1(0/0)
sub.| Dy,<ea> — |aan | aan | a@wy) | aan) 5(1/1) 4(1/1) —
subi.l #imm,Dx 1(0/0) — — — — — — —
subg.| #imm,<ea> | 1(0/0) | 4(1/1) | 4(1/1) | 4@y | 4/a) 5(1/1) 4(1/1) —
subx.| Dy,Dx 1(0/0) — — — — — — —
2.7.4 Miscellaneous Instruction Execution Times
Table 2-15 lists timings for miscellaneous instructions.
Table 2-15. Miscellaneous Instruction Execution Times
) Effective Address
Opcode |
Rn (An) (An)+ | -(An) |(d16,An) [(d8,An,Xi*SF) (xxx).wl  #<xxx>
cpushl (Ax) — 11(0/1) — — — — — —
link.w Ay,#imm 2(0/1) — — — — — — —
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 9(0/0) — — — — — — 9(0/0)*
movec Ry,Rc 11(0/1) — — — — — — —
movem.I2 | <ea> &list — 2+n(n/0) | — — 2+n(n/0) — — —
movem.| &list,<ea> — 2+n(0/n) — — 2+n(0/n) — — —
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Table 2-15. Miscellaneous Instruction Execution Times (Continued)

) Effective Address
Opcode |
Rn (An) (An)+ | -(An) |(d16,An) [(d8,AnXi*SF) (xxx).wl  #<xxx>
nop 3(0/0) — — — — — — —
pea i — 2(0/1) + —+ 2(01) 3 3(0/1)* 2(0/1) —
pulse 1(0/0) — — — — — — —
stop #imm — — — — — — — 3(0/0)°
trap #imm — — — — — — — 18(1/2)
trapf 1(0/0) — — — — — — —
trapf.w 1(0/0) — — — — — — _
trapf.| 1(0/0) — — — — — — —
unlk Ax 3(1/0) — — — — — — —
wddata.l i — 7(10) 7oy 7(10)  7(1/0) 8(1/0) 7(1/0) —
wdebug.| i — 1Q(2/0) -+ + 10(2/0) — - —

a A W N R

If a MOVE.W #imm,SR instruction is executed and #imm[13] = 1, the execution time is 1(0/0).
n is the number of registers moved by the MOVEM opcode.

PEA execution times are the same for (d16,PC).

PEA execution times are the same for (d8,PC,Xi*SF).

The execution time for STOP is the time required until the processor begins sampling continuously for
interrupts.

2.7.5 Branch Instruction Execution Times

Table 2-16 shows general branch instruction timing.

Table 2-16. General Branch Instruction Execution Times

. Effective Address
Opcode | |

Rn (An) (An)+ -(An) |(d16,An) [(d8,ANXI*SF) |xxx).wl  f<xxx>
bra — — — — 1(0/1)* — — —
bsr — — — — 1(0/1)* — — —
imp i — 5(0/0) — — 5(0/0) 6(0/0) 1(0/0)* —
jsr i — 5(0/1) — — 5(0/1) 6(0/1) 1o1) 1 —
rte — — 14(2/0) — — — — —
rts — — 8(1/0) — — — — —

1 Assumes branch acceleration. Depending on the pipeline status, execution times may vary from 1 to 3 cycles.

For the conditional branch opcodes (bcc), a static algorithm is used to determine the
prediction state of the branch. This algorithm is:

if bce is a forward branch && CCR[7] ==
then the bcc is predicted as not-taken
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if bcc is a forward branch && CCR[7] == 1
then the bcc is predicted as taken

else if bce is a backward branch
then the bcc is predicted as taken

Table 2-17 shows timing for Bcc instructions.

Table 2-17. Bcc Instruction Execution Times

. Predicted :
Opcode Predicted Correctly as Not Predicted
Correctly as Taken Taken Incorrectly
bcc 1(0/0) 1(0/0) 5(0/0)

2.8 Exception Processing Overview

Exception processing for ColdFire processors is streamlined for performance. Differences
from previous M68000 Family processors include the following:

* A simplified exception vector table

* Reduced relocation capabilities using the vector base register
« A ssingle exception stack frame format

* Use of a single, self-aligning system stack pointer

ColdFire processors use an instruction restart exception model but require more software
support to recover from certain access errors. See Table 2-18 for details.

Exception processing can befided as the time from the detection of the fault condition
until the fetch of thdirst handler instruction has been initiated. It is comprised of the
following four major steps:

1. The processor makes an internal copy of the SR and then enters supervisor mode by
setting SR[S] and disabling trace mode by clearing SR[T]. The occurrence of an
interrupt exception also forces SR[M] to be cleared and the interrupt priority mask
to be 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 interrupt-acknowledge (IACK) bus cycle to
obtain the vector number from a peripheral device. The IACK cycle is mapped to a
special acknowledge address space with the interrupt level encoded in the address.

3. The processor saves the current context by creating an exception stack frame on the
system stack. ColdFire processors support a single stack pointer in the A7 address
register; therefore, there is no notion of separate supervisor and user stack pointers.
As a result, the exception stack frame is created at a 0-modulo-4 address on the top
of the current system stack. Additionally, the processor uses a simplified
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fixed-length stack frame for all exceptions. The exception type determines whether
the program counter in the exception stack franfimeg the address of the faulting
instruction (fault) or of the next instruction to be executed (next).

4. The processor acquires the address of the first instruction of the exception handler.
The exception vector table is aligned on a 1-Mbyte boundary. This instruction
address is obtained by fetching a value from the table at the address defined in the
vector base register. The index into the exception table is calculated as
4 x vector_number. When the index value is generated, the vector table contents
determine the address of the first instruction of the desired handler. After the fetch
of the first opcode of the handler is initiated, exception processing terminates and
normal instruction processing continues in the handler.

ColdFire processors support a 1024-byte vector table aligned on any 1-Mbyte address
boundary; see Table 2-18. The table contains 256 exception vectors whigns thve are
defined by Motorola; the remaining 192 are user-defined interrupt vectors.

Table 2-18. Exception Vector Assignments

1

Vector Numbers | Vector Offset (Hex)  Stacked Program Counter Assignment
0 000 — Initial stack pointer
1 004 — Initial program counter
2 008 Fault Access error
3 0oC Fault Address error
4 010 Fault lllegal instruction
5 014 Fault Divide by zero
6-7 018-01C — Reserved
8 020 Fault Privilege violation
9 024 Next Trace
10 028 Fault Unimplemented line-a opcode
11 02C Fault Unimplemented line-f opcode
12 030 Next Debug interrupt
13 034 — Reserved
14 038 Fault Format error
15 03C Next Uninitialized interrupt
16-23 040-05C — Reserved
24 060 Next Spurious interrupt
25-31 064-07C Next Level 1-7 autovectored interrupts
32-47 080-0BC Next Trap #0-15 instructions
48-60 0CO0-0F0 — Reserved
61 OF4 Fault Unsupported instruction
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Table 2-18. Exception Vector Assignments (Continued)

Vector Numbers | Vector Offset (Hex)  $tacked Program Counter 1 Assignment
62-63 OF8-0FC — Reserved
64-255 100-3FC Next User-defined interrupts

1 The term ‘fault’ refers to the PC of the instruction that caused the exception. The term ‘next’ refers to the PC
of the instruction that immediately follows the instruction that caused the fault.

ColdFire processors inhibit sampling for interrupts during fin&t 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.

2.8.1 Exception Stack Frame Definition

The exception stack frame is shown in Figure 2-10. filse longword of the exception
stack frame contains the 16-bit format/vector word (F/V) and the 16-bit status register. The
second longword contains the 32-bit program counter address.

31 28 27 26 25 18 17 16 15 0
A7— Format ‘ FS[3-2] ‘ Vector[7-0] ‘ FS[l—O]‘ Status Register
+ 0x04 Program Counter [31-0]

Figure 2-10. Exception Stack Frame Form

The 16-bit format/vector word contains three unique fields:

« Format feld—This 4-bitfield at the top of the system stack is always written with a
value of {4,5,6,7} by the processor indicating a 2-longword frame format. See
Table 2-19. This field records any longword misalignment of the stack pointer that
may have existed when the exception occurred.

Table 2-19. Format Field Encoding

Original A7 at Time of A7 at First Instruction of Format Field Bits
Exception, Bits 1-0 Handler 31-28
00 Original A[7-8] 0100
01 Original A[7-9] 0101
10 Original A[7-10] 0110
11 Original A[7-11] 0111

e Fault statusield—The 4-biffield, FS[3-0], at the top of the system stack fidd
for access and address errors along with interrupted debug service routines. See
Table 2-20.
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Table 2-20. Fault Status Encodings

FS[3-0] Definition

0000 Not an access or address error
0001-001x Reserved

0100 Error on instruction fetch
0101-011x | Reserved

1000 Error on operand write

1001 Attempted write to write-protected space
101x Reserved

1100 Error on operand read

1101-111x Reserved

* Vector number—This 8-bit field, vector[7-0], defines the exception type. It is
calculated by the processor for internal faults and is supplied by the peripheral for
interrupts. See Table 2-18.

2.8.2 Processor Exceptions

Table 2-21 describes MCF5307 exceptions.
Table 2-21. MCF5307 Exceptions

Exception Description

Access Error | Access errors are reported only in conjunction with an attempted store to write-protected memory.
Thus, access errors associated with instruction fetch or operand read accesses are not possible.

Address Caused by an attempted execution transferring control to an odd instruction address (that is, if bit 0 of
Error the target address is set), an attempted use of a word-sized index register (Xi.w) or a scale factor of
8 on an indexed effective addressing mode, or attempted execution of an instruction with a full-format
indexed addressing mode.

lllegal On Version 2 ColdFire implementations, only some illegal opcodes were decoded and generated an
Instruction illegal instruction exception. The Version 3 processor decodes the full 16-bit opcode and generates
this exception if execution of an unsupported instruction is attempted. Additionally, attempting to
execute an illegal line A or line F opcode generates unique exception types: vectors 10 and 11,
respectively.

ColdFire processors do not provide illegal instruction detection on extension words of any instruction,
including MOVEC. Attempting to execute an instruction with an illegal extension word causes
undefined results.

Divide by Attempted division by zero causes an exception (vector 5, of