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About This Book

The primary objective of this user's manual is to define the functionality of the MCF5307
processors for use by software and hardware devel opers.

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/col dfire.

Audience

This manual is intended for system software and hardware developers and applications
programmers who want to devel op 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 asummary 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.

« Part | isintended 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 asitis
implemented on the MCF5307. It also includes a full description of exception
handling, data formats, an instruction set summary, and atable of instruction
timings.

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

multiply-accumul ate, 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 ColdFireV 3 1ocal memory specification. It consists of the
two following major sections.

— Section 4.2, “SRAM Overview,” describesthe M CF5307 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,” describesthe Revision C enhanced hardware debug
support in the MCF5307. This revision of the ColdFire debug architecture
encompasses earlier revisions.

e Partll, “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 describesin detail the registers and signalsthat support the
PLL implementation.

— Chapter 8, “1°C Module.” describes the MCF5307 12C module, including 12C
protocol, clock synchronization, and the registersin the 1°C programing 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 registersin 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 configuration 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 signalsinvolved in DRAM operations.
The remainder of the chapter is divided between descriptions of asynchronous
and synchronous operations.
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e Partll, “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 1.

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

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

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

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

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

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

— Chapter 17, “ Signal Descriptions,” provides an a phabetical 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 describestransfersinitiated by the M CF5307
and by an external bus master, and includes detailed timing diagrams showing
the interaction of signalsin 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 describesthe use of
JTAG instructions and provides information on how to disable JTAG
functionality.

— Chapter 20, “Electrical Specifications,” describes AC and DC electrical
specifications 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 thisis the latest information.
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jested Reading
This manual includes the following appendix:
e Appendix A, “List of Memory Maps,” lists the entire address-map for MCF5307
memory-mapped registers.

Thismanual aso includes a glossary and an index.

Suggested Reading

This section lists additional reading that provides background for the information in this
manual aswell 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, R1.0 (M CF5200PRM/AD)

e User's manuals—These books provide details about individual ColdFire
implementations and are intended to be used in conjunction with The ColdFire
Programmer s Reference Manual. These include the following:

— ColdFire MCF5102 User’'s Manual (MCF5102UM/AD)
— ColdFire MCF5202 User’'s Manual (M CF5202UM/AD)
— ColdFire MCF5204 User’'s Manual (M CF5204UM/AD)
— ColdFire MCF5206 User’s Manual (M CF5206EUM/AD)
— ColdFire MCF5206E User’s Manual (MCF5206EUM/AD)
» ColdFire Programmers Reference Manual, R1.0 (M CF5200PRM/AD)

» Using Microprocessors and Microcomputers: The Maotorola Family, William 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.
menoni ¢cs In code and tables, instruction mnemonics are shown in lowercase.
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Acronyms and Abbreviations

italics Italics indicate variable command parameters.
Book titlesin text are set in italics.
0x0 Prefix to denote hexadecimal number
0b0 Prefix to denote binary number
REG[FIELD] 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.

nibble A 4-bit data unit

byte An 8-bit data unit

word A 16-bit data unit

longword A 32-bit data unit

X In some contexts, such as signal encodings, x indicates adon’t care.
n Used to express an undefined numerical value

- NOT logical operator

& AND logical operator

| OR logical operator

Acronyms and Abbreviations

Tablei 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
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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

Tableii 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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Table ii Notational Conventions (Continued)

Instruction Operand Syntax
ic Instruction cache
# <vector> Identifies the 4-bit vector number for trap instructions

dentifies 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: d,g 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 aV3 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 1/0 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.
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V3 COLDFIRE PROCESSOR COMPLEX
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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 extendsthelegacy of Motorola' s68K family by providing acompatible 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 defining the ColdFire architecture for embedded
processing applications, a 68K -code compatibl e core combines performance advantages of
a RISC architecture with the optimum code density of a streamlined, variable-length
M 68000 instruction set.

By using a variable-length instruction set architecture, embedded system designers using
ColdFire RISC processors enjoy significant advantages over conventiona fixed-length
RISC architectures. The denser binary code for ColdFire processors consumes|ess memory
than many fixed-length instruction set RISC processors available. This improved code
density means more efficient system memory use for a given application and allows use of
dower, less costly memory to help achieve atarget performance level.

The MCF5307 is the first 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 a unified cache, which together provide 75 (Dhrystone
2.1) MIPS at 90 MHz. Increasing the internal speed of the core aso alows 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 alow-power mode.

Serial communication channels are provided by an 1°C interface module and two
programmabl e full-duplex UARTSs. Four channelsof DMA allow for fast datatransfer using
a programmable burst mode independent of processor execution. The two 16-bit
genera -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 |EEE 1149.1 JTAG module are included. A sophisticated debug interface supports
background-debug mode plus real-time trace and debug with expanded flexibility of
on-chip breakpoint registers. Thisinterfaceis 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
— Twoindependent decoupled pipelines: four-stageinstruction fetch pipeline (IFP)
and two-stage operand execution pipeline (OEP)
— Eight-instruction FIFO buffer provides decoupling between the pipelines
— Branch prediction mechanisms for accel erating program execution
— 32-hit internal address bus supporting 4 Gbytes of linear address space
— 32-hit data bus
— 16 user-accessible, 32-bit-wide, general-purpose registers
— Supervisor/user modes for system protection
— Vector base register to rel ocate 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
e 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
e 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
— Programmabl e 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

— Upto 512 Mbytes of DRAM

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

— Support for two separate memory blocks
* Two UARTs
— Full-duplex operation
— Programmable clock
— Modem control signals available (CTS, RTS)
— Processor-interrupt capability
* Dual 16-bit genera-purpose multiple-mode timers
— 8-hit prescaler
— Timer input and output pins
— Processor-interrupt capability
— Upto 22-nSresolution at 45 MHz
« 12C module

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

— Fully compatible with industry-standard 12C bus
— Master or slave modes support multiple masters
— Automatic interrupt generation with programmable |evel
« 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 /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
— Programmable interrupt controller
— Low interrupt latency
— Four external interrupt request inputs
— Programmabl e autovector generator
— Software watchdog timer
e 16-bit general-purpose I/O interface
» |EEE 1149.1 test (JTAG) module
e System debug support
— Real-timetracefor determining dynamic execution path while in emul ator 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-chipPLL
— 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
e Product offerings
— 75 Dhrystone 2.1 MIPS at 90 MHz

— Implemented in 0.35 W, triple-layer-metal process technology with 3.3-V
operation (5.0-V compliant 1/0 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 + 0.5V 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 predictionsallow the I FP to redirect the fetch stream down the path predicted
to be taken well in advance of the actual instruction execution. The result is significantly
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 atraditional two-stage RISC compute enginewith aregister file access
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
applicationsincluding digital audio and servo control. Integrated as an execution unit inthe
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
additionto afull set of extensionsfor signed and unsigned integers, plus signed, fixed-point
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.

@) MOTOROLA Chapter 1. Overview 1-7

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



_ _ Freescale Semiconductor, Inc.
IFire Module Description

1.3.1.5 8-Kbyte Unified Cache

The MCF5307 architecture includes an 8-Kbyte unified 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 externa devices or the on-chip
4-channel DMA.

The cacheimplementsline-fill buffersto 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 be configured 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-Ghyte address space. The SRAM moduleisuseful for storing time-critical
functions, the system stack, or heavily-referenced data operands.

1.3.2 DRAM Controller

The MCF5307 DRAM controller providesadirect 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 alows 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. Datatransfers 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 UARTSs are aso
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.

1-8 MCF5307 User’s Manual @) MOTOROLA

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



Freescale Semiconductor, Inc.
ColdFire Module Description

UART
l«—— CTS
Internal Channel Serial ’TS
i F—>
Control Logic Communications
Channel l«—— RxD
— TxD
System Integration
Programmable BCLKO
Molc:wlt”eerr(LJS;)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 bitsin 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 (RTS) and clear-to-send (CTS) lines.

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 |oopback,
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 modetriggersan external signal or interruptsthe CPU when
the timer reaches a set value, while athird mode counts external events.

Thetimer 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
programmabl e timer-output pin generates either an active-low pulse or toggles the output.

1.3.6 1°C Module

The 12C interface is a two-wire, bidirectional serial bus used for quick data exchanges
between devices. The 12C minimizesthe interconnection between devicesin 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. The 1°C can operate in master, slave, or
multiple-master modes.

1.3.7 System Interface

The MCF5307 processor provides adirect 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 (33.3to 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. Thisinterface 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 a so 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-defined wait-state insertion. These signalsinterface to 8-, 16-,
or 32-bit ports. The base address, access permissions, and internal bustransfer terminations
are programmable with configuration registers for each chip select. CS0O also 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 apin-by-pin basis.

1.3.7.4 Interrupt Controller

The interrupt controller provides user-programmable control of ten internal periphera
interrupts and implements four external fixed interrupt-request pins. Each internal interrupt
can be programmed to any one of seven interrupt levels and four priority levelswithin 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 |EEE 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 alows 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 acompatible upgrade to the M CF52xx debug
module with added flexibility 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-hit PC register plus a 32-bit PC mask
register. These registers can be accessed through the dedi cated debug serial communication
channel or from the processor’s supervisor mode programming model. The breakpoint
registers can be configured to generate triggers by combining the address, data, and PC
conditions in a variety of single or dual-level definitions. 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 alow 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 modul e 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 addresses defining processor
activity at the CPU’s clock rate.

1.3.9 PLL Module
The MCF5307 PLL moduleis shownin Figure 1-3.
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Figure 1-3. PLL Module

The PLL modul€e’s three modes of operation are described as follows.

* Reset mode—When RSTI is asserted, the PLL enters reset mode. At reset, the PLL
assertsRSTO from the MCF5307. The core:busfrequency ratio and other MCF5307
configuration information are sampled during reset.

* Norma 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 isdisabled by executing
a segquence 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 processor identifies a logical
address that differentiates between supervisor and user modes by accessing either the
supervisor or user address space.

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

»  Supervisor mode—This mode protects system resources from uncontrolled access
by users. In supervisor mode, complete accessis 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 I/O
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control. The supervisor programming model provides accessto the sameregistersas
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
2 A3
4 A4
] A5
D 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
g I CACR Cache control register
32 ACRO Access control register 0
%& ACR1 Access control register 1
i 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
register (MACSR)

Defines the operating configuration of the MAC unit and contains indicator flags from the results
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.

1-14
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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 instructions, the first operand 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 magjority of the instructions
are binary compatible or optimized 68K opcodes. Thisfeature, when coupled with the code
conversion tools from third-party devel opers, 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 a so describes the operation of the MCF5307

Contents

e Chapter 2, “ColdFire Core,” providesan 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 asitis
implemented on the MCF5307. It also includes a full description of exception
handling, data formats, an instruction set summary, and atable of instruction
timings.

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

e Chapter 4, “Local Memory.” This chapter describes the MCF5307 implementation
of the ColdFireV3 loca 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 topicsin Part I:

* ColdFire Programmers Reference Manual, R1.0 (M CF5200PRM/AD)

» Using Microprocessors and Microcomputers: The Maotorola Family, William C.
Wray, Ross Bannatyne, Joseph D. Greenfield

Acronyms and Abbreviations

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

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 describesthe V3 programming model asit isimplemented on the M CF5307.
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 thefirst standard product to contain aVersion 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 unified 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-hit 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

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 aso 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 modul es 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 alow-power mode is entered. Thisis
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 specified 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 | FP (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 (1C2) completes prefetch on the processor’sinstruction
local bus.

— Instruction early decode (IED) generatestime-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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Instruction
IAG Address
Generation
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]
Decode & Select, |
Operand DSOC| “Operand Fetch ' | D
Execution
Pipeline Address
AGEX Generation,
Execute
[

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-flow 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 change-of-flow opcodes. When certain types
of change-of-flow instructions are detected, the target instruction addressis cal culated, and
fetching immediately beginsin the target stream.
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For example, if an unconditional BRA instruction is detected, the IED calcul ates 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 asingle-cycle execution time.

The acceleration logic uses a static prediction algorithm when processing conditional
branch (Bcc) instructions. The default scheme is forward Bcec instructions are predicted as
not-taken, while backward Bcc instructions are predicted astaken. A user-mode control bit,
CCR][7], dlows users to dynamically alter the prediction agorithm 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 register file
feeding an arithmetic/logic unit. For simple register-to-register instructions, the first stage
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:

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

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

e Theinstruction is executed (EX).

For register-to-memory operations, the stage functions (DS/OC, AG/EX) are effectively
performed simultaneously alowing 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) istaken.

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 istightly 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
« Miscellaneous register operations

2.1.2.2.3 Hardware Divide Unit

The hardware divide unit performs the following integer division operations:
e 32-bit operand/16-bit operand producing a 16-bit quotient and a 16-bit remainder
e 32-bit operand/32-hit operand producing a 32-bit quotient
e 32-bit operand/32-hit 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 alows 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 termsin creating breakpoints
» Increased flexibility of the breakpoint registers
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On-chip breakpoint resources include the following:

» Configuration/status register (CSR)

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

» Busattributes and mask register (AATR)

» Breakpoint registers. These can be used to define triggers combining address, data,
and PC conditionsin 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)

» Databreakpoint mask register (DBMR)

« Trigger definition 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 specification 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 threeinstruction 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
registersin the user, MAC, and supervisor programming models.
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31 0
[ DO Data registers
D1
D2
D3
D4
D5
D6
D7
31 0
A0 Address registers
4] Al
% A2
2 A3
4 Ad
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
* kil 1 [ TCCR | SR Status register
50 I Must be zeros VBR Vector base register
2 I CACR Cache control register
52 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 genera-purpose 32-hit registers, DO-D7 and AO-A7
e 32-hit program counter
e 8-hit condition code register

2.2.1.1 Data Registers (D0-D7)

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

2.2.1.2 Address Registers (A0O—-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 isimplicitly referenced
by certain operations and can be explicitly referenced by any instruction specifying an
address register. Theinitial value of A7 isloaded from the reset exception vector, address
0x0000. The sameregister 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 program flow changes, the PC is updated
with the target instruction. For some instructions, the PC specifies the 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 ‘ Y ‘ c
Reset 0 00 Undefined
RIW| RIW R RIW ‘ RIW ‘ RIW ‘ RIW ‘ RIW

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 Z 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 instructionsthat fetch operands from memory. It isuseful in
the implementation of circular queues in operand memory.

* MAC dtatus register (MACSR)—This 8-hit register defines configuration of the
MAC unit and contains indicator flags 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 I/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 MOV EC instruction with the control
register definitionsin 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)

OxCOF 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 0x27xx 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 tablein 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-modul o-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
bitsfor enabling, freezing, and invalidating cache contents. It also includes bitsfor defining
the default cache mode and write-protect fields. 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-ACR1) define attributes for two user-defined memory
regions. Attributesinclude definition of cache mode, write protect and buffer write enables.
See Section 4.10.2, “Access Control Registers (ACRO-ACR1).”

2.2.2.5 RAM Base Address Register (RAMBAR)

The RAMBAR register determines the base address |ocation of theinternal 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
aigned 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 (MBAR) defines the logical base address for the
memory-mapped space containing the control registers for the on-chip peripheras. 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 dataregister 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 least significant bit (Isb) of all integer sizesis zero,
the most-significant bit (msb) of alongword integer is 31, the msb of aword integer is 15,
and the msb of abyteinteger is7.

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 have undefined bits
reserved for future definition 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 byteisread asal 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 bhig-endian addressing scheme. The byte-addressable
organization of memory allows lower addresses to correspond to higher order bytes. The
address N of alongword data item corresponds to the address of the high-order word. The
lower order word islocated at addressN + 2. The address N of aword dataitem corresponds
to the address of the high-order byte. The lower order byteislocated at addressN + 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
classifications are alterable memory (both aterable and memory) and data alterable (both
aterable 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 '\lélioetlj; ":Z?d
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 simplified version of the M68000 instruction set. The
removed instructions include BCD, bit field, logica 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

dentifies 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

{ Optional operation
0 Identifies an indirect address
dy Displacement value, n-bits wide (example: d,g 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
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Table 2-7. User-Mode Instruction Set Summary (Continued)

L+(Lx.l)y—=.L.L

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 A 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)—.L ACC + (Ry x Rx){<< 1| >> 1} — ACC; (<ea>y{&MASK}) —
Rw
MACL Ry,RxSF<ea-1>y,Rw |.L + (W x .W) — .L,.L | ACC + (Ry x Rx){<< 1| >> 1} - ACC

ACC + (Ry x Rx){<< 1| >> 1} — ACC; (<ea-1>y{&MASK})
— Rw

MOVE <ea>y,<ea>X .B,.W,.L <ea>y — <ea>x
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 AW 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 0s — 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 | Operand 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 A 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 The HALT instruction can be configured to allow user-mode execution by setting CSR[UHE].

2.7 Instruction Timing

The timing data presented in this section assumes the following:

* The OEP isloaded with the opword and all required extension words at the
beginning of each instruction execution. Thisimplies that the OEP spends no time
waiting for the I|FP to supply opwords and/or extension words.

» The OEP experiences no sequence-related pipeline stalls. For the MCF5307, the

most common example of thistype 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 operationsis two cycles.

*  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 aigned on 0-modul o-2 addresses
— 32-hit operands aigned on 0-modul 0-4 addresses

Operandsthat 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. Misalignhed Operand References

A[1:0] Size Bus Operations Additional C(R/W) *
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.

r/w is the number of operand reads (r) and writes (w) required by the instruction. An operation
performing a read-modify write function is denoted as (1/1).

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 al tables in this chapter, the execution time of any

instruction using the PC-rel ative effective addressing modes is
equivalent to the time using comparable An-relative mode.

th {<ea>

h {<ea>

(d16,PC)} equals ET with {<ea> = (d16, An)}
(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)+ -(AXx) (d16,Ax) | (d8,Ax,Xi*SF) (xxx).wl
Dy 1(0/0) 1(0/1) 1(0/1) 1(0/1) 1(0/1) 2(0/1) 1(0/1)
Ay 1(0/0) 1(0/1) 1(0/1) 1(0/1) 1(0/1) 2(0/1) 1(0/1)
(Ay) 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(1/1) — — —
(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(01) 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(111)

-(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 MOV E.L timings. Execution times for moving
contents of the ACC or MACSR into a destination |ocation 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

) Effective Address
Opcode |
Rn (An) (An)+ -(An) | (d16,An) | (d8,An,Xi*SF) | (xxx).wl HXXX>
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

i Effective Address
Opcode | |
Rn (An) (An)+ -(An) (d16,An) | (d8,An,Xi*SF) | (xxx).wl H#XXX

clrb i 1{0/0) 1(0/1) 10/1)  1(p/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{071) 1(p/1) 1(0/1) 1(0/1) 2(0/1) 1(0/1) —
ext.w Dx 1(0/0) — — — — — — —
ext.l 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) — — — — — — —
tst.b i 1{0/0) 4(1/0) 4(1L/0) 4(1L/0) 4(1/0) 5(1/0) 4(1/0) 1(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) 1(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) 1(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 HXXX>
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(11) | 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) | 41/1) | 4(11) 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) | A1) | 4n) 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.l <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) — — —
eor.l Dy,<ea> 1000) | 4(U1) | 4U1) | 4@1) | 411) 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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Effective Address

Opcode
Rn (An) (An)+ | -(An) | (d16,An) | (d8,An Xi*SF) | (xxx).wl H#H<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@o) 5(1/0) 4(1/0) 1(0/0)
or.l 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.l <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 | sy | aan) 5(1/1) 4(1/1) —
subi.l #imm,Dx 1(0/0) — — — — — — —
sub.| #imm,<ea> | 1(0/0) | 4(1/1) | 4(U1) | 4W1) | 4(11) 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,AnXi*SF) | (xxx).wl | #<xxx>
cpushl (Ax) — 11(0/1) — — — — — —
link.w Ay,#Himm 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,An,Xi*SF) | (xxx).wl | #<xxx>
nop 3(0/0) — — — — — — —
pea — 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.| i — 7(1/0)  7¢1/0)  7(1/0)  7(1/0) 8(1/0) 7(1/0) —
wdebug.| i — 1Q(2/0) -+ + 10(2/0) — - —
1 If a MOVE.W #imm,SR instruction is executed and #imm([13] = 1, the execution time is 1(0/0).
2 nis the number of registers moved by the MOVEM opcode.
3 PEA execution times are the same for (d16,PC).
4 PEA execution times are the same for (d8,PC,Xi*SF).
5

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 | #<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) 10r1) * —
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. Thisagorithm is:

if bcc is a forward branch && CCR[ 7]
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if bcc is a forward branch & CCR[ 7] == 1
then the bcc is predicted as taken

else if bcc 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 processorsis 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 single exception stack frame format

e Useof asingle, 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 be defined as the time from the detection of the fault condition
until the fetch of the first handler instruction has been initiated. It is comprised of the
following four major steps:

1. Theprocessor 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 cal cul ation 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 asingle stack pointer in the A7 address
register; therefore, there is no notion of separate supervisor and user stack pointers.
Asaresult, the exception stack frame is created at a 0-modul 0-4 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 frame defines the address of the faulting
instruction (fault) or of the next instruction to be executed (next).

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 isinitiated, 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 where the first 64 are
defined by Motorola; the remaining 192 are user-defined interrupt vectors.

Table 2-18. Exception Vector Assignments

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) | Stacked Program Counter ! 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 the first instruction of all
exception handlers. This allows any handler to effectively disable interrupts, if necessary,
by raising the interrupt mask level contained in the status register.

2.8.1 Exception Stack Frame Definition

The exception stack frame is shown in Figure 2-10. The first 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:

e Format field—This 4-bit field 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. Thisfield 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

« Fault status field—The 4-bit field, FS[3-0], at the top of the system stack is defined
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, offset = 0x014) except when the PC points

Zero to the faulting instruction (DIVU, DIVS, REMU, REMS).

Privilege Caused by attempted execution of a supervisor mode instruction while in user mode. The ColdFire

Violation Programmer’s Reference Manual lists supervisor- and user-mode instructions.
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Table 2-21. MCF5307 Exceptions (Continued)

Exception

Description

Trace
Exception

ColdFire processors provide instruction-by-instruction tracing. While the processor is in trace mode
(SR[T] = 1), instruction completion signals a trace exception. This allows a debugger to monitor
program execution.

The only exception to this definition is the STOP instruction. If the processor is in trace mode, the
instruction before the STOP executes and then generates a trace exception. In the exception stack
frame, the PC points to the STOP opcode. When the trace handler is exited, the STOP instruction is
executed, loading the SR with the immediate operand from the instruction. The processor then
generates a trace exception. The PC in the exception stack frame points to the instruction after
STOP, and the SR reflects the just-loaded value.

If the processor is not in trace mode and executes a STOP instruction where the immediate operand
sets the trace bit in the SR, hardware loads the SR and generates a trace exception. The PC in the
exception stack frame points to the instruction after STOP, and the SR reflects the just-loaded value.
Because ColdFire processors do not support hardware stacking of multiple exceptions, it is the
responsibility of the operating system to check for trace mode after processing other exception types.
As an example, consider a TRAP instruction executing in trace mode. The processor initiates the
TRAP exception and passes control to the corresponding handler. If the system requires that a trace
exception be processed, the TRAP exception handler must check for this condition (SR[15] in the
exception stack frame asserted) and pass control to the trace handler before returning from the
original exception.

Debug
Interrupt

Caused by a hardware breakpoint register trigger. Rather than generating an IACK cycle, the
processor internally calculates the vector number (12). Additionally, the M bit and the interrupt priority
mask fields of the SR are unaffected by the interrupt. See Section 2.2.2.1, “Status Register (SR).”

RTE and
Format Error
Exceptions

When an RTE instruction executes, the processor first examines the 4-bit format field to validate the

frame type. For a ColdFire processor, any attempted execution of an RTE where the format is not

equal to {4,5,6,7} generates a format error. The exception stack frame for the format error is created

without disturbing the original exception frame and the stacked PC points to RTE.The selection of the

format value provides limited debug support for porting code from M68000 applications. On M68000

Family processors, the SR was at the top of the stack. Bit 30 of the longword addressed by the

system stack pointer is typically zero; so, attempting an RTE using this old format generates a format

error on a ColdFire processor.

If the format field defines a valid type, the processor does the following:

1 Reloads the SR operand.

2 Fetches the second longword operand.

3 Adjusts the stack pointer by adding the format value to the auto-incremented address after the first
longword fetch.

4 Transfers control to the instruction address defined by the second longword operand in the stack
frame.

TRAP

Executing TRAP always forces an exception and is useful for implementing system calls. The trap
instruction may be used to change from user to supervisor mode.

Interrupt
Exception

Interrupt exception processing, with interrupt recognition and vector fetching, includes uninitialized
and spurious interrupts as well as those where the requesting device supplies the 8-bit interrupt
vector. Autovectoring may optionally be configured through the system interface module (SIM). See
Section 9.2.2, “Autovector Register (AVR).”
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Table 2-21. MCF5307 Exceptions (Continued)

Exception Description
Reset Asserting the reset input signal (RSTI) causes a reset exception. Reset has the highest exception
Exception priority; it provides for system initialization and recovery from catastrophic failure. When assertion of

RSTI is recognized, current processing is aborted and cannot be recovered. The reset exception
places the processor in supervisor mode by setting SR[S] and disables tracing by clearing SR[T].
This exception also clears SR[M] and sets the processor’s interrupt priority mask in the SR to the
highest level (level 7). Next, the VBR is initialized to 0x0000_0000. Configuration registers controlling
the operation of all processor-local memories (cache and RAM modules on the MCF5307) are
invalidated, disabling the memories.

Note: Other implementation-specific supervisor registers are also affected. Refer to each of the
modules in this manual for details on these registers.

After RSTI is negated, the processor waits 80 cycles before beginning the actual reset exception
process. During this time, certain events are sampled, including the assertion of the debug
breakpoint signal. If the processor is not halted, it initiates the reset exception by performing two
longword read bus cycles. The longword at address 0 is loaded into the stack pointer and the
longword at address 4 is loaded into the PC. After the initial instruction is fetched from memory,
program execution begins at the address in the PC. If an access error or address error occurs before
the first instruction executes, the processor enters the fault-on-fault halted state.

Unsupported | If the MCF5307 attempts to execute a valid instruction but the required optional hardware module is
Instruction not present in the OEP, a non-supported instruction exception is generated (vector 0x61). Control is
Exception then passed to an exception handler that can then process the opcode as required by the system.

If a ColdFire processor encounters any type of fault during the exception processing of
another fault, the processor immediately halts execution with the catastrophic fault-on-fault
condition. A reset is required to force the processor to exit this halted state.
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Chapter 3
Hardware Multiply/Accumulate (MAC)
Unit

This chapter describes the MCF5307 multiply/accumulate (MAC) unit, which executes
integer multiply, multiply-accumulate, and miscellaneous register instructions. The MAC
isintegrated into the operand execution pipeline (OEP).

3.1 Overview

The MAC unit provides hardware support for a limited set of digital signal processing
(DSP) operations used in embedded code, while supporting the integer muiltiply
instructions in the ColdFire microprocessor family.

The MAC unit provides signal processing capabilities for the MCF5307 in a variety of
applicationsincluding digital audio and servo control. Integrated as an execution unit inthe
processor's OEPR, 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 afull set of extensionsfor signed and unsigned integers plus signed, fixed-point
fractional input operands.

The MAC unit provides functionality in three related areas:
» Signed and unsigned integer multiplies
e Multiply-accumulate operations supporting signed, unsigned, and signed fractional
operands

» Miscellaneous register operations

Each of the three areas of support is addressed in detail in the succeeding sections. Logic
that supports this functionality is contained in a MAC module, as shown in Figure 3-1.

The MAC unit istightly coupled to the OEP and features a three-stage execution pipeline.
To minimize silicon costs, the ColdFire MAC is optimized for 16 x 16 multiply
instructions. The OEP can issue a 16 x 16 multiply with a 32-bit accumulation and fetch a
32-bit operand in the same cycle. A 32 x 32 multiply with a 32-bit accumulation takes three
cycles before the next instruction can be issued. Figure 3-1 showsthe basic functionality of
the ColdFire MAC. A full set of instructions is provided for signed and unsigned integers
plus signed, fixed-point, fractional input operands.
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l Operand Y ‘ l Operand X ‘

Shift 0,1,-1

Accumulator

\J
Figure 3-1. ColdFire MAC Multiplication and Accumulation

The MAC unit is an extension of the basic multiplier found on most microprocessors. It can
perform operations native to signal processing agorithms in an acceptable number of
cycles, given the application constraints. For example, small digital filters can tolerate some
variance in the execution time of the algorithm; larger, more complicated a gorithms such
as orthogonal transforms may have more demanding speed requirements exceeding the
scope of any processor architecture and requiring a fully developed DSP implementation.

The M68000 architecture was not designed for high-speed signal processing, and a large
DSP engine would be excessive in an embedded environment. In striking a middle ground
between speed, size, and functionality, the ColdFire MAC unit is optimized for a small set
of operations that involve multiplication and cumulative additions. Specificaly, the
multiplier array is optimized for single-cycle, 16 x 16 multiplies producing a 32-bit result,
with a possible accumulation cycle following. Thisis common in alarge portion of signal
processing applications. In addition, the ColdFire core architecture has been modified to
allow for an operand fetch in parallel with a multiply, increasing overall performance for
certain DSP operations.

3.1.1 MAC Programming Model
Figure 3-2 shows the registersin the MAC portion of the user programming model.

31 0

MACSR MAC status register
ACC MAC accumulator
MASK MAC mask register

Figure 3-2. MAC Programming Model
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These registers are described as follows:

» Accumulator (ACC)—This 32-bit, read/write, general-purpose register is used to
accumulate the results of MAC operations.

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

» MAC status register (MACSR)—This 8-hit register defines configuration of the
MAC unit and contains indicator flags affected by MAC instructions. Unless noted
otherwise, the setting of MACSR indicator flagsis based on the final result, that is,
the result of the final operation involving the product and accumulator.

3.1.2 General Operation

The MAC unit supportsthe ColdFire integer multiply instructions(MULSand MULU) and
provides additional functionality for multiply-accumulate operations. The added MAC
instructions to the ColdFire ISA provide for the multiplication of two numbers, followed
by the addition or subtraction of this number to or from the value contained in the
accumulator. The product may be optionally shifted left or right one bit before the addition
or subtraction takes place. Hardware support for saturation arithmetic may be enabled to
minimize software overhead when dealing with potential overflow conditions using signed
or unsigned operands.

These MAC operations treat the operands as one of the following formats:
e Signed integers
* Unsigned integers
» Signed, fixed-point, fractional numbers

To maintain compactness, the MAC module is optimized for 16-bit multiplications. Two
16-bit operands produce a 32-bit product. Longword operations are performed by reusing
the 16-bit multiplier array at the expense of a small amount of extra control logic. Again,
the product of two 32-hit operandsis a 32-bit result. For longword integer operations, only
the least significant 32 hits of the product are calculated. For fractional operations, the
entire 63-bit product is calculated and then either truncated or rounded to a 32-bit result
using the round-to-nearest (even) method.

Because the multiplier array is implemented in a 3-stage pipeline, MAC instructions can
have an effective issue rate of one clock for word operations, three for longword integer
operations, and four for 32-bit fractional operations. Arithmetic operations use
register-based input operands, and summed values are stored internally in the accumulator.
Thus, an additional MOVE instruction is necessary to store data in a general-purpose
register. MAC instructions can choose the upper or lower word of aregister as the input,
which helps filtering operations in which one data register is loaded with input data and
another is loaded with coefficient data. Two 16-bit MAC operations can be performed
without fetching additional operands between instructions by alternating the word choice
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during the calculations.

The need to move large amounts of data quickly can limit throughput in DSP engines.
However, data can be moved efficiently by using the MOVEM instruction, which
automatically generates line-sized burst references and isideal for filling registers quickly
with input data, filter coefficients, and output data. Loading an operand from memory into
a register during a MAC operation makes some DSP operations, especialy filtering and
convolution, more manageable.

The MACSR has a 4-hit operational mode field and three condition flags. The operational
mode bits control the overflow/saturation mode, whether operands are signed or unsigned,
whether operands are treated as integers or fractions, and how rounding is performed.
Negative, zero and overflow flags are also provided.

The three program-visible MAC registers, a 32-bit accumulator (ACC), the MAC mask
register (MASK), and MACSR, are described in Section 3.1.1, “MAC Programming
Model "

3.1.3 MAC Instruction Set Summary

The MAC unit supports the integer multiply operations defined by the baseline ColdFire
architecture, as well as the new multiply-accumulate instructions. Table 3-1 summarizes
the MAC unit instruction set.

Table 3-1. MAC Instruction Summary

Instruction Mnemonic Description

Multiply Signed MULS <ea>y,Dx Multiplies two signed operands yielding a signed result

Multiply Unsigned MULU <ea>y,Dx Multiplies two unsigned operands yielding an unsigned result

Multiply Accumulate MAC Ry,RxSF Multiplies two operands, then adds or subtracts the product
MSAC Ry,RxSF to/from the accumulator

Multiply Accumulate MAC Ry,RxSF,Rw Multiplies two operands, then adds or subtracts the product

with Load MSAC Ry,RxSF,Rw to/from the accumulator while loading a register with the

memory operand

Load Accumulator MOV.L {Ry,#imm},ACC Loads the accumulator with a 32-bit operand

Store Accumulator MOV.L ACC,Rx Writes the contents of the accumulator to a register

Load MACSR MOV.L {Ry,#imm},MACSR | Writes a value to the MACSR

Store MACSR MOV.L MACSR,Rx Write the contents of MACSR to a register

Store MACSR to CCR | MOV.L MACSR,CCR Write the contents of MACSR to the processor’s CCR register

Load MASK MOV.L {Ry,#mm},MASK | Writes a value to MASK

Store MASK MOV.L MASK,Rx Writes the contents of MASK to a register

3.1.4 Data Representation
The MAC unit supports three basic operand types:
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e Two’'s complement signed integer: In thisformat, an N-bit operand represents a

number within the range -2(N"Y) < operand < 2N-D - 1. Thebinary point isto theright
of the least significant bit.

» Two's complement unsigned integer: In this format, an N-bit operand represents a

number within the range 0 < operand < 2\ - 1. The binary point isto the right of the
least significant bit.

« Two'scomplement, signed fractional: In an N-bit number, thefirst bit isthe sign bit.
The remaining bits signify the first N-1 bits after the binary point. Given an N-bit
number, ap_18n-28N-3--- 82818, its value is given by the following formula

N-2
+ 2 A +1-N) 5
i=0

Thisformat can represent numbersin therange-1 < operand< 1 - 2(N-D),

For words and longwords, the greatest negative number that can berepresentedis-1,
whose internal representation is 0x8000 and 0x0x8000_0000, respectively. The

most positive word is Ox7FFF or (1 - 2%); the most positive longword is
OX7FFF_FFFF or (1- 231,

3.2 MAC Instruction Execution Timings
Table 3-2 shows standard timings for two-operand MAC instructions.

Table 3-2. Two-Operand MAC Instruction Execution Times

Effective Address
Opcode
Rn (An) (An)+ | -(An) | (d16,An) | (d8,AnXi*SF) [ (xxx).wl | #<xxx>
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 — 1(1/0) | 1(1/0) | 1(1/0) 1(1/0) — — —
mac.| Ry,Rx,ea,Rw — 3(1/0) | 3(1/0) | 3(1/0) 3(1/0) — — —
msac.w | Ry,Rx,ea,Rw — 1(1/0) | 1(1/0) | 1(1/0) 1(1/0) — — —
msac.| Ry,Rx,ea,Rw — 3(1/0) | 3(1/0) | 3(1/0) 3(1/0) — — —
muls.w <ea>,Dx 3(0/0) | 3(1/0) | 3(1/0) | 3(1/0) | 3(1/0) 4(1/0) 3(1/0) 3(0/0)
mulu.w <ea>,Dx 3(0/0) | 3(1/0) | 3(1/0) | 3(1/0) | 3(1/0) 4(1/0) 3(1/0) 3(0/0)
muls.| <ea>,Dx 5(0/0) | 5(1/0) | 5(1/0) | 5(1/0) 5(1/0) — — —
mulu.| <ea>,Dx 5(0/0) | 5(1/0) | 5(1/0) | 5(1/0) | 5(1/0) — — —
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Table 3-3 shows standard timings for MAC move instructions.

Table 3-3. MAC Move Instruction Execution Times

) Effective Address

Opcode |

Rn (An) (An)+ -(An) | (d16,An) | (d8,An,Xi*SF) | (xxx).wl HXXX>
move.| <ea>,ACC 1(0/0) — — — — — — 1(0/0)
move.| <ea>MACSR | 6(0/0) — — — — — — 6(0/0)
move.l <ea>,MASK 5(0/0) — — — — — — 5(0/0)
move.| ACC,Rx 1(0/0) — — — — — — —
move.l | MACSR,CCR | 1(0/0) | — — — _ _ — _
move.| MACSR,Rx 1(0/0) — — — — — — —
move.| MASK,Rx 1(0/0) — — — — — — —
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Chapter 4
Local Memory

This chapter describes the MCF5307 implementation of the ColdFire Version 3 local
memory specification. It consists of two major sections.

e 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.

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

4.1 Interactions between Local Memory Modules

Depending on configuration information, instruction fetches and data read accesses may be
sent simultaneously to the RAM and cache controllers. This approach is required because
both controllers are memory-mapped devices and the hit/miss determination is made
concurrently with the read data access. Power dissipation can be minimized by configuring
the RAMBARS to mask unused address spaces whenever possible.

If the access address is mapped into the region defined by the RAM (and this region is not
masked), the RAM provides the data back to the processor, and the cache data is discarded.
Accesses from the RAM module are never cached. The complete definition of the
processor’s local bus priority scheme for read referencesis as follows:
if (RAM“hits”
) RAM suppl ies data to the processor
else if (cache “hits”)
cache supplies data to the processor
el se systemnmenory reference to access data
For data write references, the memory mapping into the local memoriesis resolved before
the appropriate destination memory is accessed. Accordingly, only the targeted local
memory is accessed for data write transfers.

4.2 SRAM Overview

The4-Kbyte on-chip SRAM moduleis connected to theinternal busand provides pipelined,
single-cycle access to memory mapped to the module. Memory can be mapped to any
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0-modulo-32K location in the 4-Gbyte address space and configured to respond to either
instruction or data accesses. Time-critical functions can be mapped into instruction the
system stack. Other heavily-referenced data can be mapped into memory.

The following summarizes features of the MCF5307 SRAM implementation:
* 4-Kbyte SRAM, organized as 1024 x 32 bits

» Single-cycle throughput. When the pipeline is full, one access can occur per clock
cycle.

» Physical location on the processor’s high-speed local bus

e Memory location programmable on any 0-modulo-32K address boundary

» Byte, word, and longword address capabilities

¢ The RAM base address register (RAMBAR) defines the logical base address,
attributes, and access types for the SRAM module.

4.3 SRAM Operation

The SRAM module provides a general-purpose memory block that the ColdFire processor
can access with single-cycle throughput. Thelocation of the memory block can be specified
to any word-aligned address in the 4-Gbyte address space by RAMBAR[BA], described in
Section 4.4.1, “SRAM Base Address Register (RAMBAR).” The memory is ideal for
storing critical code or data structures or for use as the system stack. Because the SRAM
module connects physically to the processor's high-speed local bus, it can service
processor-initiated accesses or memory-referencing debug module commands.

Instruction fetches and data reads can be sent to both the cache and SRAM blocks
simultaneoudly. If the reference is mapped into aregion defined by the SRAM, the SRAM
provides data to the processor and any cache data is discarded. Data accessed from the
SRAM module are not cached.

Note also that the SRAM cannot be accessed by the on-chip DMAs. The on-chip system
configuration alows concurrent core and DMA execution, where the core can reference
code or data from the internal SRAM or cache while performing a DMA transfer.
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Accesses are attempted in the following order:
1. SRAM
2. Cache (if space is defined as cacheable)
3. External access

4.4 SRAM Programming Model
The SRAM programming model consists of RAMBAR.

4.4.1 SRAM Base Address Register (RAMBAR)

The SRAM modules are configured through the RAMBAR, shown in Figure 4-1.

* RAMBAR holdsthe base address of the SRAM. The MOV EC instruction provides
write-only access to this register from the processor.

« RAMBAR can be read or written from the debug module in a similar manner.

* All undefined RAMBAR bits are reserved. These bits are ignored during writesto
the RAMBAR and return zeros when read from the debug module.

e Thevalid bit, RAMBAR[V], is cleared at reset, disabling the SRAM module. All
other bits are unaffected.

31 15 14 9 8 7 6 5 4 3 2 1 0
Field BA ‘ — ‘WP‘ — ‘C/I‘SC‘SD‘UC‘UD \Y,
Reset —
R/W W for CPU; R/W for debug
Address CPU space + 0xC04

Figure 4-1. SRAM Base Address Register (RAMBAR)

RAMBAR fields are described in detail in Table 4-1.
Table 4-1. RAMBAR Field Description

Bits | Name Description

31-15 | BA Base address. Defines the SRAM module’s word-aligned base address. The SRAM module
occupies a 4-Kbyte space defined by the contents of BA. SRAM may reside on any 32-Kbyte
boundary in the 4-Gbyte address space.

149 | — Reserved, should be cleared.

8 WP Write protect. Controls read/write properties of the SRAM.

0 Allows read and write accesses to the SRAM module

1 Allows only read accesses to the SRAM module. Any attempted write reference generates an
access error exception to the ColdFire processor core.

7-6 — Reserved, should be cleared.
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Table 4-1. RAMBAR Field Description (Continued)

Bits | Name Description
5-1 Cl, Address space masks (ASn). These fields allow certain types of accesses to be masked, or
SC, inhibited from accessing the SRAM module. These bits are useful for power management as
SD, described in Section 4.6, “Power Management.” In particular, C/I is typically set.
UC, The address space mask bits are follows:
uD C/l = CPU space/interrupt acknowledge cycle mask. Note that C/I must be set if BA = 0.

SC = Supervisor code address space mask

SD = Supervisor data address space mask

UC = User code address space mask

UD = User data address space mask

For each ASn bit:

0 An access to the SRAM module can occur for this address space

1 Disable this address space from the SRAM module. If a reference using this address space is
made, it is inhibited from accessing the SRAM module and is processed like any other
non-SRAM reference.

0 \% Valid. Enables/disables the SRAM module. V is cleared at reset.
0 RAMBAR contents are not valid.
1 RAMBAR contents are valid.

The mapping of a given access into the RAM uses the following algorithm to determine if
the access hits in the memory:

if (RAMBAR[ 0] = 1)

if (requested address[31:15] = RAMBAR] 31:15])
if (requested address[14:12] = 0)
if (ASn of the requested type = 0)

Access is mapped to the RAM nodul e

if (access = read)
Read the RAM and return the data

if (access = write)
if (RAMBAR[ 8] = 0)

Wite the data into the RAM

el se Signal a wite-protect access error

ASn refersto the five address space mask bits: C/I, SC, SD, UC, and UD.

4.5 SRAM Initialization

After a hardware reset, the contents of the SRAM module are undefined. The valid bit,
RAMBAR][V], iscleared, disabling the SRAM module. If the SRAM requiresinitialization
with instructions or data, the following steps should be performed:

1. Read the source data and write it to the SRAM. Various instructions support this
function, including memory-to-memory move instructions and the move multiple
instruction (MOVEM). MOV EM isoptimized to generate line-sized burst fetcheson
line-aligned addresses, so it generally provides maximum performance.

2. After the dataisloaded into the SRAM, it may be appropriate to revise the
RAMBAR attribute bits, including the write-protect and address space mask fields.

Remember that the SRAM cannot be accessed by the on-chip DMASs. The on-chip system
configuration allows concurrent core and DMA execution where the core can execute code
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out of internal SRAM or cache during DMA access.

The ColdFire processor or an external emulator using the debug module can perform these
initialization functions.

4.5.1 SRAM Initialization Code

The code segment below initializesthe SRAM. The code setsthe base address of the SRAM
at 0x2000_0000 and then initializes the RAM to zeros.

RAVBASE EQU 0x20000000 ;set this variable to 0x20000000
RAMWALI D EQU 0x00000035

nove. | #RAVBASE+RAMWVALI D, DO ;1 oad RAMBASE + valid bit into DO
novec. | DO, RAMBAR ;1 oad RAMBAR and enabl e SRAM

The following loop initializes the entire SRAM to zero:

lea.l RAMBASE, A0 ;load pointer to SRAM
nove. | #1024, DO ;1 oad | oop counter into DO

SRAM | NI T_LOOP:

clr.l (A0) + ;clear 4 bytes of SRAM
subq. | #1, DO ; decrenent | oop counter
bne. b SRAM | NI T_LOOP ;exit if done; else continue |ooping

The following function copies the number of bytesToMove from the source (*src) to the
processor's local RAM at an offset relative to the SRAM base address defined by
destinationOffset. The bytesToM ove must be amultiple of 16. For best performance, source
and destination SRAM addresses should be line-aligned (0-modul o-16).

; copyToCpuRam (*src, destinationOfset, bytesToMove)

RAMBASE EQU 0x20000000 ; SRAM base address

RAMFLAGS EQU 0x00000035 ; RAMBAR valid + mask bits
|l ea.l -12(a7), a7 ;allocate tenporary space
movem | #0x1c, (a7) ;store D2/ D3/ D4 registers

stack argunments and | ocations
+0 saved d2

+4 saved d3

+8 saved d4

+12 returnPc

+16 poi nter to source operand
+20 destinati onOf f set

+24 byt esToMove

nove. | RAVBASE+RAMFLAGS, a0 ; defi ne RAMBAR contents
nmovec. | ao, ranbar ;load it
nove. | 16(a7), a0 ;load argunent defining *src
|l ea.l RAMBASE, al ;menmory pointer to RAM base
add. | 20(a7), al ;include destinationOfset
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nove. | 24(a7),d4 ;1 oad byte count
asr. | #4, d4 ;divide by 16 to convert to | oop count
.align 4 ;force loop on 0-npd-4 address
| oop: movem | (a0), #0xf ;read 16 bytes from source
movem | #0xf, (al) ;store into RAM destination
| ea.l 16(a0), a0 ;increment source pointer
| ea.l 16(al), al ;increnent destination pointer
subq. | #1, d4 ; decrenent | oop counter
bne. b | oop ;if done, then exit, else continue
nmovem | (a7), #0x1c ;restore d2/d3/d4 registers
| ea.l 12(a7), a7 ;deal | ocate tenporary space

rts

4.6 Power Management

Because processor memory references may be simultaneously sent to an SRAM module
and cache, power can be minimized by configuring RAMBAR address space masks as
precisely as possible. For example, if an SRAM is mapped to the internal instruction bus
and containsinstruction data, setting the ASn mask bits associated with operand references
can decrease power dissipation. Similarly, if the SRAM contains data, setting ASn bits
associated with instruction fetches minimizes power.

Table 4-2 shows typical RAMBAR configurations.
Table 4-2. Examples of Typical RAMBAR Settings

Data Contained in SRAM RAMBARI[5-0]
Code only 0x2B
Data only 0x35
Both code and data 0x21

4.7 Cache Overview

This section describes the MCF5307 cache implementation, including organization,
configuration, and coherency. It describes cache operations and how the cache interacts
with other memory structures.

The MCF5307 processor contains a nonblocking, 8-Kbyte, 4-way set-associative, unified
(instruction and data) cache with a 16-byte line size. The cache improves system
performance by providing low-latency access to the instruction and data pipelines. This
decouples processor performance from system memory performance, increasing bus
availability for on-chip DMA or externa devices. Figure 4-2 shows the organization and
integration of the data cache.
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Cache
Control External
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Core Directory Array (SIM) Data

Address Path

Data

Address Address

Figure 4-2. Unified Cache Organization

The cache supports operation of copyback, write-through, or cache-inhibited modes. The
cache lock feature can be used to guarantee deterministic response for critical code or data
areas.

A nonblocking cache services read hits or write hits from the processor while afill (caused
by a cache allocation) is in progress. As Figure 4-2 shows, instruction and data accesses
use a single bus connected to the cache.

All addresses from the processor to the cache are physical addresses. A cache hit occurs
when an address matches a cache entry. For aread, the cache supplies data to the processor.
For a write, the processor updates the cache. If an access does not match a cache entry
(misses the cache) or if a write access must be written through to memory, the cache
performs abus cycle on theinterna bus and correspondingly on the external bus by way of
the system integration module (SIM).

The SRAM modul e does not implement bus snooping; cache coherency with other possible
bus masters must be maintained in software.

4.8 Cache Organization

A four-way set associative cache is organized as four ways (levels). There are 128 setsin
the 8-Kbyte cache with each line containing 16 bytes (4 longwords). Entire cache lines are
loaded from memory by burst-mode accesses that cache 4 longwords of data or
instructions. All 4 longwords must be loaded for the cache line to be valid.

Figure 4-3 shows cache organization as well as terminology used.
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Way 0 Way 1 Way 2 Way 3
Set 0
Set1
Set 126 .- Line
Set 127 - .

- Cache Line Format
[ TAG [VIM] Longword0 | Longwordl1 [ Longword2 [ Longword3 |

Where:
TAG—21-bitaddresstag
V—Valid bitforline
M—Modified bit for line

Figure 4-3. Cache Organization and Line Format

A setisagroup of four lines (onefrom each level, or way), corresponding to the sameindex
into the cache array.

4.8.1 Cache Line States: Invalid, Valid-Unmodified, and
Valid-Modified

As shown in Table4-3, a cache line can be invalid, valid-unmodified (often called
exclusive), or valid-modified.

Table 4-3. Valid and Modified Bit Settings

\% M Description

0 X Invalid. Invalid lines are ignored during lookups.

1 0 Valid, unmodified. Cache line has valid data that matches system memory.

1 1 Valid, modified. Cache line contains most recent data, data at system memory location is stale.

A valid line can be explicitly invalidated by executing a CPUSHL instruction.
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4.8.2 The Cache at Start-Up

As Figure 4-4 (A) shows, after power-up, cache contents are undefined; V and M may be
set on some lines even though the cache may not contain the appropriate data for start up.
Because reset and power-up do not invalidate cache lines automatically, the cache should
be cleared explicitly by setting CACR[CINVA] before the cache is enabled (B).

After the entire cache is flushed, cacheable entries are loaded first in way O. If way O is
occupied, the cacheable entry is loaded into the same set in way 1, as shown in Figure 4-4
(D). This process is described in detail in Section 4.9, “ Cache Operation.”
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—= Invalid (V =0)

mmm  Valid, not modified (V =1, M =0)

== Valid, modified (V

A:Cache population at
start-up

Way 0 Way 1 Way 2 Way 3

Set0 .---

=1,M=1)

B:Cache after invalidation, C:Cache after loads in
before it is enabled Way 0

Way 0 Way 1 Way 2 Way 3 Way 0 Way 1 Way 2 Way 3

D:First load in Way 1

Way 0 Way 1 Way 2 Way 3

Set |I

At reset, cache contents
are indeterminate; V and
M may be set. The cache
should be cleared
explicitly by setting
CACR[CINVA] before the
cache is enabled.

Figure 4-4, Cache—A
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4.9 Cache Operation
Figure 4-5 shows the general flow of a caching operation.

Address

31 11 10 430
Way 3
Tag Data/Tag Reference ‘ Index | | Way 2

Set 0 TAG |STATUS [LWO|LW1|LW2|LW3

Set Set 1
Select

A[10:4] : :
Set127| TAG |STATUS|LWO|LW1

Data or

Address Instruction

|
ALY L i
[y
[y

Y 3 Line Select
Yy 2 Hit3 _
¥ Y 1| [ Hitz | _
ol — Hitl | Logical OR |Hily
Comparator — Hit 0 :

Figure 4-5. Caching Operation

The following steps determine if a cache lineis alocated for a given address:
1. The cache set index, A[10:4], selects one cache set.

2. A[31:11] and the cache set index are used as atag reference or are used to update
the cache line tag field. Note that A[31:11] can specify 21 possible addresses that
can be mapped to one of the four ways.

3. Thefour tags from the selected cache set are compared with the tag reference. A
cache hit occursif atag matchesthetag reference and theV bit is set, indicating that
the cache line contains valid data. If a cacheable write access hitsin avalid cache
line, the write can occur to the cache line without having to load it from memory.

If the memory space is copyback, the updated cache line is marked modified

(M = 1), because the new data has made the datain memory out of date. If the
memory location iswrite-through, the writeis passed on to system memory and the
M bit is never used. Note that the tag does not have TT or TM bits.

To allocate a cache entry, the cache set index selects one of the cache’'s 128 sets. The cache
control logic looks for an invalid cache line to use for the new entry. If none is available,
the cache controller uses a pseudo-round-robin replacement algorithm to choose theline to
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be deallocated and replaced. First the cache controller looks for an invalid line, with way 0
the highest priority. If all lineshave valid data, a 2-bit replacement counter is used to choose
the way. After alineis alocated, the pointer increments to point to the next way.

Cache lines from ways 0 and 1 can be protected from deallocation by enabling half-cache
locking. If CACR[HLCK] = 1, the replacement pointer is restricted to way 2 or 3.

As part of dealocation, avalid, unmodified cache line is invalidated. It is consistent with
system memory, so memory does not need to be updated. To deallocate a modified cache
line, data is placed in a push buffer (for an external cache line push) before being
invalidated. After invalidation, the new entry can replace it. The old cache line may be
written after the new lineis read.
When acachelineis selected to host a new cache entry, the following three things happen:
1. Thenew addresstag bitsA[31:11] are written to the tag.
2. Thecachelineis updated with the new memory data.

3. Thecacheline status changesto avalid state (V = 1).
Read cycles that missin the cache allocate normally as previously described.

Write cycles that missin the cache do not allocate on a cacheabl e write-through region, but
do alocate for addresses in a cacheable copyback region.
A copyback byte, word, longword, or line write miss causes the following:

1. Thecacheinitiatesalinefill or flush.

2. Spaceisallocated for anew line.

3. V and M are both set to indicate valid and modified.

4. Dataiswritten in the allocated space. No write to memory occurs.

Note the following:

» Read hits cannot change the status bits and no deallocation or replacement occurs;
the data or instructions are read from the cache.

« If the cache hits on awrite access, data is written to the appropriate portion of the
accessed cache line. Write hitsin cacheable, write-through regions generate an
external writecycleand the cachelineismarked valid, but isnever marked modified.
Write hitsin cacheable copyback regions do not perform an external write cycle; the
cachelineis marked valid and modified (V =1and M = 1).

* Misaligned accesses are broken into at least two cache accesses.
« Vdidity isprovided only on aline basis. Unlessawholelineisloaded on a cache
miss, the cache controller does not validate data in the cache line.

Write accesses designated as cache-inhibited by the CACR or ACR bypass the cache and
perform a corresponding external write.
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Normally, cache-inhibited reads bypass the cache and are performed on the external bus.
The exception to this normal operation occurs when all of the following conditions are true
during a cache-inhibited read:

» Thecache-inhibited fill buffer bit, CACR[DNFB], is set.
* Theaccessis an instruction read.
* Theaccessisnormal (that is, transfer type (TT) equals 0).

In this case, an entirelineisfetched and stored in thefill buffer. It remains valid there, and
the cache can service additional read accesses from this buffer until either another fill or a
cache-invalidate-all operation occurs.

Valid cache entries that match during cache-inhibited address accesses are neither pushed
nor invalidated. Such a scenario suggests that the associated cache mode for this address
space was changed. To avoid this, it is generally recommended to use the CPUSHL
instruction to push or invaidate the cache entry or set CACR[CINVA] to invalidate the
cache before switching cache modes.

4.9.1 Caching Modes

For every memory reference generated by the processor or debug module, a set of effective
attributesis determined based on the address and the ACRs. Caching modes determine how
the cache handles an access. An access can be cacheable in either write-through or
copyback mode; it can be cache-inhibited in precise or imprecise modes. For normal
accesses, the ACRn[CM] bit corresponding to the address of the access specifies the
caching modes. If an address does not match an ACR, the default caching mode is defined
by CACR[DCM]. The specific algorithm is as follows:
i f (address == ACRO-address includi ng nask)

effective attributes = ACRO attributes
else if (address == ACRL-address including mask)

effective attributes = ACRL attributes

el se effective attributes = CACR default attributes
Addresses matching an ACR can also be write-protected using ACR[W]. Addresses that do
not match either ACR can be write-protected using CACR[DW].

Reset disables the cache and clears all CACR bits. As shown in Figure 4-4, reset does not
automatically invalidate cache entries; they must be invalidated through software.

The ACRs allow the defaults selected in the CACR to be overridden. In addition, some
instructions (for example, CPUSHL) and processor core operations perform accesses that
have an implicit caching mode associated with them. The following sections discuss the
different caching accesses and their associated cache modes.

4.9.1.1 Cacheable Accesses

If ACRn[CM] or the default field of the CACR indicates write-through or copyback, the
access is cacheable. A read access to a write-through or copyback region is read from the
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cache if matching datais found. Otherwise, the data is read from memory and the cacheis
updated. When a line is being read from memory for either a write-through or copyback
read miss, the longword within the line that contains the core-requested data is loaded first
and the requested data is given immediately to the processor, without waiting for the three
remaining longwords to reach the cache.

The following sections describe write-through and copyback modesin detail.

4.9.1.2 Write-Through Mode

Write accesses to regions specified as write-through are always passed on to the externd
bus, although the cycle can be buffered, depending on the state of CACR[ESB]. Writesin
write-through mode are handled with a no-write-allocate policy—that is, writes that miss
in the cache are written to the external bus but do not cause the corresponding line in
memory to be loaded into the cache. Write accesses that hit aways write through to
memory and update matching cache lines. The cache supplies data to data-read accesses
that hit in the cache; read misses cause a new cache line to be loaded into the cache.

4.9.1.3 Copyback Mode

Copyback regions are typically used for local data structures or stacks to minimize external
bus use and reduce write-access latency. Write accesses to regions specified as copyback
that hit in the cache update the cache line and set the corresponding M bit without an
external bus access.

Be sure to flush the cache using the CPUSHL instruction before invalidating the cache in
copyback mode. Modified cache data is written to memory only if the line is replaced
because of a miss or a CPUSHL instruction pushes the line. If a byte, word, longword, or
line write access misses in the cache, the required cache line is read from memory, thereby
updating the cache. When a miss selects a modified cache line for replacement, the
modified cache data moves to the push buffer. The replacement line is read into the cache
and the push buffer contents are then written to memory.

4.9.2 Cache-Inhibited Accesses

Memory regions can be designated as cache-inhibited, which is useful for memory
containing targets such as 1/O devices and shared data structures in multiprocessing
systems. It is also important to not cache the MCF5307 memory mapped registers. If the
corresponding ACRn[CM] or CACR[DCM] indicates cache-inhibited, precise or
imprecise, the access is cache-inhibited. The caching operation is identical for both
cache-inhibited modes, which differ only regarding recovery from an external bus error.

In determining whether amemory location is cacheable or cache-inhibited, the CPU checks
memory-control registersin the following order:

1. RAMBAR

2. ACRO
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3. ACR1

4. If an access does not hit in the RAMBAR or the ACRs, the default is provided for
all accessesin CACR.

Cache-inhibited write accesses bypass the cache and a corresponding external write is
performed. Cache-inhibited reads bypass the cache and are performed on the external bus,
except when al of the following conditions are true;

» The cache-inhibited fill-buffer bit, CACR[DNFB], is set.
* Theaccessis an instruction read.
e Theaccessisnormal (that is, TT = 0).

In this case, afetched lineis stored in the fill buffer and remains valid there; the cache can
service additional read accesses from this buffer until another fill occurs or a
cache-invalidate-all operation occurs.

If ACRN[CM] indicates cache-inhibited mode, precise or imprecise, the controller bypasses
the cache and performs an external transfer. If aline in the cache matches the address and
the modeis cache-inhibited, the cache does not automatically push thelineif it ismodified,
nor does it invalidate the line if it is valid. Before switching cache mode, execute a
CPUSHL instruction or set CACR[CINVA] to invalidate the entire cache.

If ACRN[CM] indicates precise mode, the sequence of read and write accesses to the region
is guaranteed to match the instruction sequence. In imprecise mode, the processor core
allows read accesses that hit in the cache to occur before completion of a pending write
from a previous instruction. Writes are not deferred past data-read accesses that miss the
cache (that is, that must be read from the bus).

Precise operation forces datarread accesses for an instruction to occur only once by
preventing the instruction from being interrupted after data is fetched. Otherwise, if the
processor is not in precise mode, an exception aborts the instruction and the data may be
accessed again when the instruction is restarted. These guarantees apply only when
ACRN[CM] indicates precise mode and aligned accesses.

CPU space-register accesses, such as MOV EC, are treated as cache-inhibited and precise.

4.9.3 Cache Protocol

Thefollowing sections describe the cache protocol for processor accesses and assumes that
the data is cacheable (that is, write-through or copyback).

4.9.3.1 Read Miss

A processor read that misses in the cache requests the cache controller to generate a bus
transaction. This bus transaction reads the needed line from memory and supplies the
required data to the processor core. The line is placed in the cache in the valid state.
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4.9.3.2 Write Miss

The cache controller handles processor writes that miss in the cache differently for
write-through and copyback regions. Write missesto copyback regions cause the cacheline
to be read from system memory, as shown in Figure 4-6.

1. Writing character X to OxOB generates a write miss. Data cannot be written to an invalid line.

Cache Line

0xOC 0x08 0x04 0x00
MCF5307 [ | | | | \,jl

0
0

2. The cache line (characters A-P) is updated from system memory, and line is marked valid.

0x0C_0x08 0x04 0x00 . .
[ABCD[EFGH[ IJKL [MNOP| 1 — 5 M)é?rt]%r;;/
] X

3. After the cache line is filled, the write that initiated the write miss (the character X) completes to Ox0B.

0XOC 0x08 0x04 0x00
MCF5307 [ABCD[EXGH] IJKL [MNOP]
A

V=1
M=1

Figure 4-6. Write-Miss in Copyback Mode

The new cache lineis then updated with write data and the M bit is set for the line, leaving
itin modified state. Write missesto write-through regions write directly to memory without
loading the corresponding cache line into the cache.

4.9.3.3 Read Hit

On aread hit, the cache provides the data to the processor core and the cache line state
remains unchanged. If the cache mode changes for a specific region of address space, lines
in the cache corresponding to that region that contain modified data are not pushed out to
memory when aread hit occurs within that line. First execute a CPUSHL instruction or set
CACR[CINVA] before switching the cache mode.

4.9.3.4 Write Hit

The cache controller handles processor writes that hit in the cache differently for
write-through and copyback regions. For write hits to a write-through region, portions of
cache lines corresponding to the size of the access are updated with the data. The datais

4-16 MCF5307 User’s Manual (M) moToroLa

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



Freescale Semiconductor, Inc.
Cache Operation

a so written to external memory. The cache line state is unchanged. For copyback accesses,
the cache controller updates the cache line and sets the M bit for the line. An external write
is not performed and the cache line state changes to (or remainsin) the modified state.

4.9.4 Cache Coherency

The MCF5307 provides limited cache coherency support in multiple-master environments.
Both write-through and copyback memory update techniques are supported to maintain
coherency between the cache and memory.

The cache does not support snooping (that is, cache coherency is not supported while
external or DMA masters are using the bus). Therefore, on-chip DMAS of the MCF5307
cannot access local memory and do not maintain coherency with the unified cache.

4.9.5 Memory Accesses for Cache Maintenance

The cache controller performs all maintenance activities that supply data from the cache to
the core, including requests to the SIM for reading new cache lines and writing modified
lines to memory. The following sections describe memory accesses resulting from cache
fill and push operations. Chapter 18, “Bus Operation,” describes required bus cycles in
detail.

4.9.5.1 Cache Filling

When anew cachelineisrequired, aline read is requested from the SIM, which generates
aburst-read transfer by indicating a line access with the size signals, SIZ[1:0].

The responding device supplies 4 consecutive longwords of data. Burst operations can be
inhibited or enabled through the burst read/write enable bits (BSTR/BSTW) in the
chip-select control registers (CSCRO-CSCRY?).

SIM line accesses implicitly request burst-mode operations from memory. For more
information regarding external bus burst-maode accesses, see Chapter 18, “Bus Operation.”

Thefirst cycle of acache-lineread |oads the longword entry corresponding to the requested
address. Subsequent transfers load the remaining longword entries.

A burst operation is aborted by an awrite-protection fault, which isthe only possible access
error. Exception processing proceeds immediately. Because the write cycle can be
decoupled from the processor’s issuing of the operation, error signaling appears to be
decoupled from the instruction that generated the write. Accordingly, the PC in the
exception stack frame represents the program location when the access error was signal ed.
See Section 2.8.2, “Processor Exceptions.”
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4.95.2 Cache Pushes

Cache pushes occur for line replacement and as required for the execution of the CPUSHL
instruction. To reduce the requested data's latency in the new line, the modified line being
replaced is temporarily placed in the push buffer while the new line is fetched from
memory. After the bustransfer for the new line compl etes, the modified cachelineiswritten
back to memory and the push buffer isinvalidated.

4.9.5.2.1 Push and Store Buffers

The 16-byte push buffer reduces latency for requested new data on a cache miss by holding
adisplaced modified cache line while the new datais read from memory.

If a cache miss displaces a modified line, a miss read reference is immediately generated.
Whilewaiting for the response, the current contents of the cache location load into the push
buffer. When the burst-read bus transaction compl etes, the cache controller can generate the
appropriate line-write bus transaction to write the push buffer contents into memory.

In imprecise mode, the FIFO store buffer can defer pending writes to maximize
performance. The store buffer can support as many as four entries (16 bytes maximum) for
this purpose.

Data writes destined for the store buffer cannot stall the core. The store buffer effectively
provides ameasure of decoupling between the pipeline's ability to generate writes (one per
cycle maximum) and the external bus's ability to retire those writes. In imprecise mode,
writes stall only if the store buffer is full and a write operation is on the internal bus. The
internal write cycleis held, stalling the data execution pipeline.

If the store buffer isnot used (that is, store buffer disabled or cache-inhibited precise mode),
external bus cycles are generated directly for each pipeline write operation. The instruction
is held in the pipeline until external bus transfer termination is received. Therefore, each
write is stalled for 5 cycles, making the minimum write time equal to 6 cycles when the
store buffer is not used. See Section 2.1.2.2, “Operand Execution Pipeline (OEP).”

The store buffer enable bit, CACR[ESB], controls the enabling of the store buffer. This bit
can be set and cleared by the MOVEC instruction. ESB is zero at reset and all writes are
performed in order (precise mode). ACRn[CM] or CACR[DCM)] generates the mode used
when ESB is set. Cacheable write-through and cache-inhibited imprecise modes use the
store buffer.

The store buffer can queue data as much as 4 bytes wide per entry. Each entry matches the
corresponding bus cycle it generates; therefore, a misaligned longword write to a
write-through region creates two entries if the address is to an odd-word boundary. It
creates three entriesiif it isto an odd-byte boundary—one per bus cycle.

4.9.5.2.2 Push and Store Buffer Bus Operation

As soon as the push or store buffer has valid data, the internal bus controller uses the next
available externa bus cycle to generate the appropriate write cycles. In the event that
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another cache fill is required (for example, cache miss to process) during the continued
instruction execution by the processor pipeline, the pipeline stalls until the push and store
buffers are empty, then generate the required external bus transaction.

Supervisor instructions, the NOP instruction, and exception processing synchronize the
processor core and guarantee the push and store buffers are empty before proceeding. Note
that the NOP instruction should be used only to synchronize the pipeline. The preferred
no-operation function is the TPF instruction.

4.9.6 Cache Locking

Ways 0 and 1 of the cache can be locked by setting CACR[HL CK]. If the cache islocked,
cachelinesinways0 and 1 are not subject to being deall ocated by normal cache operations.

As Figure 4-7 (B and C) shows, the agorithm for updating the cache and for identifying
cache lines to be deallocated is otherwise unchanged. If ways 2 and 3 are entirely invalid,
cacheable accesses arefirst allocated in way 2. Way 3 isnot used until the locationin way 2
is occupied.

Ways 0 and 1 are still updated on write hits (D in Figure 4-7) and may be pushed or cleared
only explicitly by using specific cache push/invalidate instructions. However, new cache
lines cannot be allocated in ways 0 and 1.
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—3 Invalid (V =0)
mmm  Valid, not modified (V =1, M = 0)
== Valid, modified (V=1, M =1)

A:Ways 0 and 1 are filled.
Ways 2 and 3 are
invalid.

B:CACR[DHLCK] is set,
locking ways 0 and 1.

access.

Way 0 Way 1 Way 2 Way 3

.

Way 0 Way 1 Way 2 Way 3 Way 0 Way 1 Way 2 Way 3

Freescale Semiconductor, Inc.

C:When a setin Way 2 is
occupied, the set in way 3
is used for a cacheable

D:Write hits to ways 0
and 1 update cache
lines.

Way 0 Way 1 Way 2 Way 3

= L.

[ il
1t

After CACR[HLCK] is
set, subsequent cache
accesses go to ways 2
and 3.

Set 127I —

After reset, the cache is
invalidated, ways 0 and 1
are then written with data
that should not be
deallocated.

While the cache is
locked and after a
position in ways is full,
the set in Way 3 is
updated.

Figure 4-7. Cache Locking
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4.10 Cache Registers

This section describes the MCF5307 implementation of the Version 3 cache registers.

4.10.1 Cache Control Register (CACR)

The CACR in Figure 4-8 contains bits for configuring the cache. It can be written by the
MOV EC register instruction and can be read or written from the debug facility. A hardware
reset clears CACR, which disables the cache; however, reset does not affect the tags, state
information, or datain the cache.

31 30 29 28 27 26 25 24 23 20 19 18 17 16
Field| EC ‘ — ‘ ESB ‘ DPI ‘ HLCK ‘ — ‘ CINVA ‘ —
Reset 0000_0000_0000_0000
R/W Write (R/W by debug module)
15 14 13 12 11 10 9 8 7 0
Field — ‘DNFB‘ DCM ‘ — ‘ DW‘ —
Reset 0000_0000_0000_0000
R/W Write (R/W by debug module)
Rc 0x002

Figure 4-8. Cache Control Register (CACR)

Table 4-4 describes CACR fields.
Table 4-4. CACR Field Descriptions
Bits Name Description
31 EC Enable cache.

0 Cache disabled. The cache is not operational, but data and tags are preserved.
1 Cache enabled.

30 — Reserved, should be cleared.

29 ESB Enable store buffer.

0 Writes to write-through or noncachable in imprecise mode bypass the store buffer and
generate bus cycles directly. Section 4.9.5.2.1, “Push and Store Buffers,” describes the
performance penalty for this.

1 The four-entry FIFO store buffer is enabled; when imprecise mode is used, this buffer defers
pending writes to write-through or cache-inhibited regions to maximize performance.

Cache-inhibited, precise-mode accesses always bypass the store buffer.

28 DPI Disable CPUSHL invalidation.

0 Normal operation. A CPUSHL instruction causes the selected line to be pushed if modified and
then invalidated.

1 No clear operation. A CPUSHL instruction causes the selected line to be pushed if modified,
then left valid.
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Table 4-4. CACR Field Descriptions (Continued)

Bits Name Description
27 HLCK | Half-cache lock mode

0 Normal operation. The cache allocates the lowest invalid way. If all ways are valid, the cache
allocates the way pointed at by the counter and then increments this counter modulo-4.

1 Half-cache operation. The cache allocates to the lower invalid way of levels 2 and 3; if both are
valid, the cache allocates to way 2 if the high-order bit of the round-robin counter is zero;
otherwise, it allocates way 3 and increments the round-robin counter modulo-2. This locks the
content of ways 0 and 1. Ways 0 and 1 are still updated on write hits and may be pushed or
cleared by specific cache push/invalidate instructions.

This implementation allows maximum use of available cache memory and provides the flexibility

of setting HLCK before, during, or after allocations occur.

26-25 | — Reserved, should be cleared.
24 CINVA | Cache invalidate all. Writing a 1 to this bit initiates entire cache invalidation. Once invalidation is
complete, this bit automatically returns to 0; it is not necessary to clear it explicitly. Note the

caches are not cleared on power-up or normal reset, as shown in Figure 4-4.

0 No invalidation is performed.

1 Initiate invalidation of the entire cache. The cache controller sequentially clears V and M bits in
all sets. Subsequent accesses stall until the invalidation is finished, at which point, this bit is
automatically cleared. In copyback mode, the cache should be flushed using a CPUSHL
instruction before setting this bit.

23-11 — Reserved, should be cleared.
10 DNFB Default noncacheable fill buffer. Determines if the fill buffer can store noncacheable accesses

0 Fill buffer not used to store noncacheable instruction accesses (16 or 32 bits).

1 Fill buffer used to store noncacheable accesses. The fill buffer is used only for normal (TT = 0)
instruction reads of a noncacheable region. Instructions are loaded into the fill buffer by a burst
access (same as a line fill). They stay in the buffer until they are displaced, so subsequent
accesses may not appear on the external bus.

Note that this feature can cause a coherency problem for self-modifying code. If DNFB = 1 and a

cache-inhibited access uses the fill buffer, instructions remain valid in the fill buffer until a

cache-invalidate-all instruction, another cache-inhibited burst, or a miss that initiates a fill. A write

to the line in the fill buffer goes to the external bus without updating or invalidating the buffer.

Subsequent reads of that written data are serviced by the fill buffer and receive stale information.

9-8 DCM Default cache mode. Selects the default cache mode and access precision as follows:

00 Cacheable, write-through

01 Cacheable, copy-back

10 Cache-inhibited, precise exception model

11 Cache-inhibited, imprecise exception model. Precise and imprecise modes are described in

Section 4.9.2, “Cache-Inhibited Accesses.”
7-6 — Reserved, should be cleared.
5 DW Default write protect. Use of this bit is described in Section 4.9.1, “Caching Modes.”

0 Read and write accesses permitted

1 Write accesses not permitted

4-0 — Reserved, should be cleared.

4.10.2 Access Control Registers (ACRO-ACR1)

The ACRs, Figure 4-9, assign control attributes, such as cache mode and write protection,
to specified memory regions. Registers are accessed with the MOV EC instruction with the
Rc encodings in Figure 4-9.

For overlapping regions, ACRO takes priority. Datatransfersto and from these registers are
longword transfers. Bits 12—7, 4, 3, 1, and 0 are aways read as zeros.
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Rc
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NOTE:

The SIM MBAR region should be mapped as cache-inhibited
through an ACR.

24 23 16 15 14 13 12 7 6 5 4 3 2 1 0

Address Base Address Mask E| S — ‘ CM ‘ — ‘W‘ —

Uninitialized 0 Uninitialized

Write (R/W by debug module)

ACRO: 0x004; ACR1: 0x005

Figure 4-9. Access Control Register Format (ACRn)

Table 4-5 describes ACRn fields.

Table 4-5. ACRn Field Descriptions

Bits

Name

Description

31-24

Address
base

Address base. Compared with address bits A[31:24]. Eligible addresses that match are
assigned the access control attributes of this register.

23-16

Address
mask

Address mask. Setting a mask bit causes the corresponding address base bit to be ignored.
The low-order mask bits can be set to define contiguous regions larger than 16 Mbytes. The
mask can define multiple noncontiguous regions of memory.

15

Enable. Enables or disables the other ACRn bits.
0 Access control attributes disabled
1 Access control attributes enabled

14-13

Supervisor mode. Specifies whether only user or supervisor accesses are allowed in this
address range or if the type of access is a don't care.

00 Match addresses only in user mode

01 Match addresses only in supervisor mode

1x Execute cache matching on all accesses

Reserved; should be cleared.

CM

Cache mode. Selects the cache mode and access precision. Precise and imprecise modes are
described in Section 4.9.2, “Cache-Inhibited Accesses.”

00 Cacheable, write-through

01 Cacheable, copyback

10 Cache-inhibited, precise

11 Cache-inhibited, imprecise

Reserved, should be cleared.

Write protect. Selects the write privilege of the memory region.
0 Read and write accesses permitted
1 Write accesses not permitted

1-0

Reserved, should be cleared.
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4.11 Cache Management

The cache can be enabled and configured by using a MOV EC instruction to access CACR.
A hardware reset clears CACR, disabling the cache and removing al configuration
information; however, reset doesnot affect thetags, stateinformation, and datain the cache.

Set CACR[CINVA] to invalidate the cache before enabling it.

The privileged CPUSHL instruction supports cache management by selectively pushing
and invalidating cachelines. The address register used with CPUSHL directly addressesthe
cache's directory array. The CPUSHL instruction flushes a cache line.

The value of CACR[DPI] determines whether CPUSHL invalidates a cache line &fter it is
pushed. To push the entire cache, implement a software loop to index through all sets and
through each of the four lineswithin each set (atotal of 512 lines). The state of CACR[EC]
does not affect the operation of CPUSHL or CACR[CINVA]. Disabling the cache by setting
CACR[EC] makes the cache nonoperational without affecting tags, state information, or
contents.

The contents of An used with CPUSHL specify cache row and line indexes. This differs
from the M C68040 where a physical addressis specified. Figure 4-10 showstheAn format.

31 11 10 4 3 0

0 Set Index Line Index

Figure 4-10. An Format

The following code example flushes the entire cache:

_cache_di sabl e:
nop

nove. w #0x2700, SR ;mask of f | RQs

jsr _cache_flush ;flush the cache conpletely
clr.l do

novec do, ACRO ; ACRO of f

nmovec d0, ACR1 i ACRL of f

nove. | #0x01000000, dO ;I nvalidate and di sabl e cache
novec do, CACR

rts

_cache_fl ush:

nop ; synchroni ze—1 ush store buffer
noveq. | #0, dO vinitialize way counter
noveq. | #0, d1 ;initialize set counter
nmove. | do, a0 ;initialize cpushl pointer
set| oop:
cpushl bc, (a0) ; push cache line a0
add. | #0x0010, a0 ;increnent set index by 1
addq. | #1,d1 ;increnent set counter
cnpi . | #128, d1 ;are sets for this way done?
bne setl oop
nmoveq. | #0, d1 ;set counter to zero again
addq. | #1, dO ;increnent to next way
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nove. | do, a0 ;set = 0, way = dO
cnpi . | #4, d0 ;flushed all the ways?
bne setl oop

rts

The following CACR loads assume the default cache mode is copyback.

CachelLoadAndLock:
nmove. | #0xA1000100, dO; enabl e and invalidate cache ...
novec d0,cacr ; ... in the CACR

The following code preloads half of the cache (4 Kbytes). It assumes a contiguous block of
dataisto be mapped into the cache, starting at a 0-modulo-4K address.

nmove. | #256, dO ;256 16-byte lines in 4K space

| ea data_, a0 ; load pointer defining data area
CachelLoop:

tst.b (a0) ;touch location + load into data cache

| ea 16(a0), a0 ;increment address to next line

subqg. | #1,d0 ; decrenent | oop counter

bne.b  CachelLoop ;if done, then exit, else continue

; A 4K region has been | oaded into levels 0 and 1 of the 8K cache. lock it!

nmove. | #0xA8000100,d0 ;set the cache lock bit ...
novec do, cacr ;... in the CACR
rts

align 16

4.12 Cache Operation Summary

This section gives operational details for the cache and presents cache-line state diagrams.

4.12.1 Cache State Transitions

Using theV and M bhits, the cache supports aline-based protocol allowing individual cache
linesto be invalid, valid, or modified. To maintain memory coherency, the cache supports
both write-through and copyback modes, specified by the corresponding ACR[CM], or
CACR[DCM] if no ACR matches.

Read or write misses to copyback regions cause the cache controller to read a cache line
from memory into the cache. If available, tag and data from memory update an invalid line
in the selected set. The line state then changes from invalid to valid by setting the V bit. If
al lines in the row are already valid or modified, the pseudo-round-robin replacement
algorithm selects one of the four lines and replaces the tag and data. Before replacement,
modified lines are temporarily buffered and later copied back to memory after the new line
has been read from memory.
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Figure 4-11 shows the three possible cache line states and possible processor-initiated
transitions for memory configured as copyback. Transitions are labeled with acapital letter
indicating the previous state and a number indicating the specific case listed in Table 4-11.

CI5—CINVA
ClI6—CPUSHL & DPI
CI7—CPUSHL & DPI

CV1—CPU read miss
CV2—CPU read hit
CV7—CPUSHL & DPI

CI1—CPU read miss

Invalid
V=0

CV5—CINVA

CV6—CPUSHL & DPI
CI3—CPU
write miss
CD1—CPU
read miss
CD7—CPUSH
CD5—CINVA

CDB6—CPUSHL & DPI CV3—CPU write miss

CV4—CPU write hit

CD2—CPU read hit
CD3—CPU write miss
CD4—CPU write hit

Figure 4-11. Cache Line State Diagram—Copyback Mode

Figure 4-12 shows the two possible states for a cache line in write-through mode.

WV1—CPU read miss
WV2—CPU read hit
WV3—CPU write miss
WV4—CPU write hit
WV7—CPUSHL & DPI

WI3—CPU write miss
WI5—CINVA

WI6—CPUSHL & DPI
WI7—CPUSHL & DPI

WI1—CPU read miss

Invalid ’( Valid
v=0 | v=1
WV5—CINVA

WV6—CPUSHL & DPI

Figure 4-12. Cache Line State Diagram—W'rite-Through Mode

Table 4-6 describes cache line transitions and the accesses that cause them.
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Table 4-6. Cache Line State Transitions

Current State
Access
Invalid (V = 0) Valid (V=1,M=0) Modified (V=1,M =1)
Read (C,W)I1 | Read line from (C,W)V1 | Read new line from CD1 |Push modified line to
miss memory and update memory and update buffer;
cache; cache; read new line from memory
supply data to supply data to processor; and update cache;
processor; stay in valid state. supply data to processor;
go to valid state. write push buffer contents
to memory;
go to valid state.
Read hit |(C,W)I2 | Not possible. (C,W)V2 | Supply data to processor; | CD2 | Supply data to processor;
stay in valid state. stay in modified state.
Write CI3 Read line from Cv3 Read new line from CD3 | Push maodified line to
miss memory and update memory and update buffer;
(copy- cache; cache; read new line from memory
back) write data to cache; write data to cache; and update cache;
go to modified state. go to modified state. write push buffer contents
to memory;
stay in modified state.
Write WI3 Write data to Wv3 Write data to memory; WD3 | Write data to memory;
miss memory; stay in valid state. stay in modified state.
(write- stay in invalid state. Cache mode changed for
through) the region corresponding to
this line. To avoid this state,
execute a CPUSHL
instruction or set
CACR[CINVA] before
switching modes.
Write hit | Cl4 Not possible. Cv4 Write data to cache; CD4 | Write data to cache;
(copy- go to modified state. stay in modified state.
back)
Write hit | W14 Not possible. Wv4 Write data to memory and | WD4 | Write data to memory and
(write- to cache; to cache;
through) stay in valid state. go to valid state.
Cache mode changed for
the region corresponding to
this line. To avoid this state,
execute a CPUSHL
instruction or set
CACR[CINVA] before
switching modes.
Cache (C,W)I5 | No action; (C,W)V5 | No action; CD5 |No action (modified data
invalidate stay in invalid state. go to invalid state. lost);
go to invalid state.
Cache (C,W)I6 | No action; (C,W)V6 | No action; CD6 | Push modified line to
push (C,W)I7 |stay in invalid state. go to invalid state. memory;
go to invalid state.
(C,W)V7 | No action; CD7 | Push modified line to
stay in valid state. memory;
go to valid state.
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The following tables present the same information as Table 4-6, organized by the current
state of the cache line. In Table 4-7 the current state isinvalid.

Table 4-7. Cache Line State Transitions (Current State Invalid)

Access Response

Read miss (C,W)I1 | Read line from memory and update cache;
supply data to processor;
go to valid state.

Read hit (C,W)I2 | Not possible

Write miss (copyback) CI3 Read line from memory and update cache;
write data to cache;
go to modified state.

Write miss (write-through) | WI3 Write data to memory;
stay in invalid state.

Write hit (copyback) Cl4 Not possible

Write hit (write-through) wi4 Not possible

Cache invalidate (C,W)I5 | No action;
stay in invalid state.

Cache push (C,W)I6 | No action;
stay in invalid state.

Cache push (C,W)I7 | No action;
stay in invalid state.

In Table 4-8 the current stateis valid.

Table 4-8. Cache Line State Transitions (Current State Valid)

Access Response
Read miss (C,W)V1 | Read new line from memory and update cache;
supply data to processor; stay in valid state.
Read hit (C,W)V2 | Supply data to processor;
stay in valid state.
Write miss (copyback) Cv3 Read new line from memory and update cache;
write data to cache;
go to modified state.
Write miss (write-through) | WV3 Write data to memory;
stay in valid state.
Write hit (copyback) Cv4 Write data to cache;
go to modified state.
Write hit (write-through) Wv4 Write data to memory and to cache;
stay in valid state.
Cache invalidate (C,W)V5 | No action;
go to invalid state.
Cache push (C,W)V6 | No action;
go to invalid state.
Cache push (C,W)V7 |No action;
stay in valid state.
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In the current state is modified.
Table 4-9. Cache Line State Transitions (Current State Modified)

Access Response

Read miss CD1 | Push modified line to buffer;

read new line from memory and update cache;
supply data to processor;

write push buffer contents to memory;

go to valid state.

Read hit CD2 | Supply data to processor;
stay in modified state.
Write miss CD3 | Push modified line to buffer;
(copyback) read new line from memory and update cache;

write push buffer contents to memory;
stay in modified state.

Write miss WD3 | Write data to memory;

(write-through) stay in modified state.

Cache mode changed for the region corresponding to this line. To avoid this state,
execute a CPUSHL instruction or set CACR[CINVA] before switching modes.

Write hit CD4 | Write data to cache;

(copyback) stay in modified state.

Write hit WD4 | Write data to memory and to cache;
(write-through) go to valid state.

Cache mode changed for the region corresponding to this line. To avoid this state,
execute a CPUSHL instruction or set CACR[CINVA] before switching modes.

Cache invalidate CD5 | No action (modified data lost);
go to invalid state.

Cache push CD6 | Push modified line to memory;
go to invalid state.

Cache push CD7 | Push modified line to memory;
go to valid state.

4.13 Cache Initialization Code
The following example sets up the cache for FLASH or ROM space only.

nove. | #0x81000300, DO // enabl e cache, invalidate it,
//default node is cache-inhibited inprecise
nmovecDO, CACR

nove. | #0xFFO0C000, DO// cache FLASH space, enabl e,
/lignore FC2, cacheable, witethrough
novec DO, ACRO
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Debug Support

This chapter describes the Revision B enhanced hardware debug support in the MC5307.
Thisrevision of the ColdFire debug architecture encompasses the earlier revision.

5.1 Overview

The debug moduleis shown in Figure 5-1.

. High-speed
’ ColdFire CPU Core X local bus

Debug Module

L]

Control Trace Port Communication Port
BKPT PST[3:0], DDATA[3:0]  psCLK, DSI, DSO
PSTCLK

Figure 5-1. Processor/Debug Module Interface

Debug support is divided into three areas:

Real-time trace support—The ability to determine the dynamic execution path
through an application is fundamental for debugging. The ColdFire solution
implements an 8-bit parallel output bus that reports processor execution status and
datato an external emulator system. See Section 5.3, “Real-Time Trace Support.”

Background debug mode (BDM)—Provides low-level debugging in the ColdFire
processor complex. In BDM, the processor complex is halted and a variety of
commands can be sent to the processor to access memory and registers. The external
emulator uses athree-pin, serial, full-duplex channel. See Section 5.5, “Background
Debug Mode (BDM),” and Section 5.4, “Programming Model .

Real-time debug support—BDM requires the processor to be halted, which many
real-time embedded applications cannot do. Debug interrupts let real-time systems
execute a unique service routine that can quickly save the contents of key registers
and variables and return the system to normal operation. The emulator can access
saved data because the hardware supports concurrent operation of the processor and
BDM-initiated commands. See Section 5.6, “Real-Time Debug Support.”
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The Version 2 ColdFire core implemented the original debug architecture, now called
Revision A. Based on feedback from customers and third-party devel opers, enhancements
have been added to succeeding generations of ColdFire cores. The Version 3 core
implements Revision B of the debug architecture, providing moreflexibility for configuring
the hardware breakpoint trigger registers and removing the restrictions involving

concurrent BDM processing while hardware breakpoint registers are active.

5.2 Signal Description

Table 5-1 describes debug module signals. All ColdFire debug signals are unidirectional
and related to arising edge of the processor core's clock signal. The standard 26-pin debug
connector is shown in Section 5.7, “Motorola-Recommended BDM Pinout.”

Table 5-1. Debug Module Signals

Signal

Description

Development Serial
Clock (DSCLK)

Internally synchronized input. (The logic level on DSCLK is validated if it has the same value on
two consecutive rising CLKIN edges.) Clocks the serial communication port to the debug
module. Maximum frequency is 1/5 the processor CLK speed. At the synchronized rising edge
of DSCLK, the data input on DSI is sampled and DSO changes state.

Development Serial
Input (DSI)

Internally synchronized input that provides data input for the serial communication port to the
debug module.

Development Serial
Output (DSO)

Provides serial output communication for debug module responses. DSO is registered
internally.

Breakpoint (BKPT)

Input used to request a manual breakpoint. Assertion of BKPT puts the processor into a halted
state after the current instruction completes. Halt status is reflected on processor status/debug
data signals (PST[3:0]) as the value OxF. If CSR[BKD] is set (disabling normal BKPT
functionality), asserting BKPT generates a debug interrupt exception in the processor.

Processor Status
Clock (PSTCLK)

Delayed version of the processor clock. Its rising edge appears in the center of valid PST and
DDATA output. See Figure 5-2. PSTCLK indicates when the development system should
sample PST and DDATA values.

If real-time trace is not used, setting CSR[PCD] keeps PSTCLK, PST and DDATA outputs from
toggling without disabling triggers. Non-quiescent operation can be reenabled by clearing
CSR[PCD], although the emulator must resynchronize with the PST and DDATA outputs.
PSTCLK starts clocking only when the first non-zero PST value (0xC, 0xD, or OxF) occurs
during system reset exception processing. Table 5-2 describes PST values. Chapter 7,
“Phase-Locked Loop (PLL),” describes PSTCLK generation.

Debug Data
(DDATA[3:0])

These output signals display the hardware register breakpoint status as a default, or optionally,
captured address and operand values. The capturing of data values is controlled by the setting
of the CSR. Additionally, execution of the WDDATA instruction by the processor captures
operands which are displayed on DDATA. These signals are updated each processor cycle.

Processor Status

These output signals report the processor status. Table 5-2 shows the encoding of these

(PSTI[3:0]) signals. These outputs indicate the current status of the processor pipeline and, as a result, are
not related to the current bus transfer. The PST value is updated each processor cycle.
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Figure 5-2 shows PSTCLK timing with respect to PST and DDATA.

| | | | |

pstci | | | | 1

PST or DDATA }‘>< J‘>< J\>< }\>< 1>C

Figure 5-2. PSTCLK Timing

oL

5.3 Real-Time Trace Support

Real-time trace, which defines the dynamic execution path, is a fundamental debug
function. The ColdFire solution is to include a parallel output port providing encoded
processor status and data to an external development system. This port is partitioned into
two 4-bit nibbles: one nibble allows the processor to transmit processor status, (PST), and
the other allows operand data to be displayed (debug data, DDATA). The processor status
may not be related to the current bus transfer.

External development systems can use PST outputs with an external image of the program
to completely track the dynamic execution path. This tracking is complicated by any
change in flow, especially when branch target address calculation is based on the contents
of a program-visible register (variant addressing). DDATA outputs can be configured to
display the target address of such instructions in sequential nibble increments across
multiple processor clock cycles, as described in Section 5.3.1, “Begin Execution of Taken
Branch (PST = 0x5).” Two 32-bit storage elements form a FIFO buffer connecting the
processor’s high-speed local busto the external devel opment system through PST[3:0] and
DDATA[3:0]. The buffer captures branch target addresses and certain data values for
eventual display on the DDATA port, one nibble at atime starting with the Isb.

Execution speed is affected only when both storage elements contain valid data to be
dumped to the DDATA port. The core stalls until one FIFO entry is available.

Table 5-2 shows the encoding of these signals.
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Table 5-2. Processor Status Encoding

PST[3:0]

Hex

Binary

Definition

0x0

0000

Continue execution. Many instructions execute in one processor cycle. If an instruction requires more
clock cycles, subsequent clock cycles are indicated by driving PST outputs with this encoding.

0x1

0001

Begin execution of one instruction. For most instructions, this encoding signals the first clock cycle of
an instruction’s execution. Certain change-of-flow opcodes, plus the PULSE and WDDATA instructions,
generate different encodings.

0x2

0010

Reserved

0x3

0011

Entry into user-mode. Signaled after execution of the instruction that caused the ColdFire processor to
enter user mode.

0x4

0100

Begin execution of PULSE and WDDATA instructions. PULSE defines logic analyzer triggers for debug
and/or performance analysis. WDDATA lets the core write any operand (byte, word, or longword)
directly to the DDATA port, independent of debug module configuration. When WDDATA is executed, a
value of 0x4 is signaled on the PST port, followed by the appropriate marker, and then the data transfer
on the DDATA port. Transfer length depends on the WDDATA operand size.

0x5

0101

Begin execution of taken branch. For some opcodes, a branch target address may be displayed on
DDATA depending on the CSR settings. CSR also controls the number of address bytes displayed,
indicated by the PST marker value preceding the DDATA nibble that begins the data output. See
Section 5.3.1, “Begin Execution of Taken Branch (PST = 0x5).”

0x6

0110

Reserved

0x7

0111

Begin execution of return from exception (RTE) instruction.

Ox8—
0xB

1000-
1011

Indicates the number of bytes to be displayed on the DDATA port on subsequent clock cycles. The
value is driven onto the PST port one clock PSTCLK cycle before the data is displayed on DDATA.
0x8 Begin 1-byte transfer on DDATA.
0x9 Begin 2-byte transfer on DDATA.
OxA Begin 3-byte transfer on DDATA.
0xB Begin 4-byte transfer on DDATA.

0xC

1100

Exception processing. Exceptions that enter emulation mode (debug interrupt or optionally trace)
generate a different encoding, as described below. Because the 0xC encoding defines a multiple-cycle
mode, PST outputs are driven with OxC until exception processing completes.

0xD

1101

Entry into emulator mode. Displayed during emulation mode (debug interrupt or optionally trace).
Because this encoding defines a multiple-cycle mode, PSToutputs are driven with OxD until exception
processing completes.

OxE

1110

Processor is stopped. Appears in multiple-cycle format when the MCF5307 executes a STOP
instruction. The ColdFire processor remains stopped until an interrupt occurs, thus PST outputs
display OxE until the stopped mode is exited.

OxF

1111

Processor is halted. Because this encoding defines a multiple-cycle mode, the PST outputs display
OxF until the processor is restarted or reset. (see Section 5.5.1, “CPU Halt”)

5.3.1 Begin Execution of Taken Branch (PST = 0x5)

PST is0x5 when ataken branch is executed. For some opcodes, abranch target address may
be displayed on DDATA depending on the CSR settings. CSR also controls the number of
address bytes displayed, which is indicated by the PST marker value immediately
preceding the DDATA nibble that begins the data outpui.
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Bytes are displayed in least-to-most-significant order. The processor captures only those
target addresses associated with taken branches which use a variant addressing mode, that
is, RTE and RTS instructions, IMP and JSR instructions using address register indirect or
indexed addressing modes, and all exception vectors.

The simplest example of a branch instruction using avariant address is the compiled code
for aC language case statement. Typically, the evaluation of this statement usesthe variable
of an expression asan index into atable of offsets, where each offset pointsto aunique case
within the structure. For such change-of-flow operations, the M CF5307 uses the debug pins
to output the following sequence of information on successive processor clock cycles:

1. Use PST (0x5) to identify that a taken branch was executed.

2. Using the PST pins, optionally signal the target addressto be displayed sequentially
on the DDATA pins. Encodings 0x9-0xB identify the number of bytes displayed.

3. The new target addressis optionally available on subsequent cycles using the
DDATA port. The number of bytes of the target address displayed on this port is
configurable (2, 3, or 4 bytes).

Another example of a variant branch instruction would be a JMP (AO) instruction.
Figure 5-3 shows when the PST and DDATA outputs that indicate when a JMP (AO0)
executed, assuming the CSR was programmed to display the lower 2 bytes of an address.

S N I I
PST><OX5><OX9>< >< >< >< ><:

DDATA >< 0x0 >< 0x0 >< A[3:0] >< A[7:4] >< A[11:8] ><A[15212] ><:

Figure 5-3. Example JMP Instruction Output on PST/DDATA

PST isdriven with a0x5 in thefirst cycle and 0x9 in the second. The 0x5 indicates a taken
branch and the marker value 0x9 indi cates a 2-byte address. Thus, the 4 subsequent DDATA
nibbles display the lower 2 bytes of address register A0 in least-to-most-significant nibble
order. The PST output after the JMP instruction completes depends on the target
instruction. The PST can continue with the next instruction before the address has
completely displayed on DDATA because of the DDATA FIFO. If the FIFO is full and the
next instruction has captured values to display on DDATA, the pipeline stalls (PST = 0x0)
until space is availablein the FIFO.

5.4 Programming Model

In addition to the existing BDM commands that provide access to the processor’s registers
and the memory subsystem, the debug module contains nine registers to support the
required functionality. These registers are also accessible from the processor’s supervisor
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programming model by executing the WDEBUG instruction. Thus, the breakpoint
hardware in the debug module can be accessed by the external development system using
the debug serial interface or by the operating system running on the processor core.
Software is responsible for guaranteeing that accesses to these resources are serialized and
logicaly consistent. Hardware provides a locking mechanism in the CSR to alow the
external development system to disable any attempted writes by the processor to the
breakpoint registers (setting CSR[IPW]). BDM commands must not be issued if the
MCF5307 is using the WDEBUG instruction to access debug module registers or the
resulting behavior is undefined.

These registers, shown in Figure 5-4, are treated as 32-bit quantities, regardless of the
number of implemented bits.

31 15 7 0
[ [ [ ] AATR  Address attribute trigger register
31 15 0

[ [ | ABLR  Address low breakpoint register
[ [ | ABHR  Address high breakpoint register

31 15 7 0
l [ ] BAAR BDM address attribute register

31 15 0
l [ ] CSR  Configuration/status register

31 15 0

[ l
l I

DBR Data breakpoint register
DBMR  Data breakpoint mask register

31 15 0

l [
l I

PBR PC breakpoint register
PBMR  PC breakpoint mask register

31 15 0
l [

TDR Trigger definition register

Note: Each debug register is accessed as a 32-bit register; shaded fields above are not used (don't care).
All debug control registers are writable from the external development system or the CPU via the
WDEBUG instruction.
CSR is write-only from the programming model. It can be read or written through the BDM port using the
RDMREG and WDMREG commands.

Figure 5-4. Debug Programming Model

Theseregisters are accessed through the BDM port by new BDM commands, WDMREG and
RDMREG, described in Section 5.5.3.3, “Command Set Descriptions” These commands
contain a 5-bit field, DRc, that specifies the register, as shown in Table 5-3.
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Table 5-3. BDM/Breakpoint Registers

DRc[4-0] Register Name Abbreviation Initial State Page
0x00 Configuration/status register CSR 0x0010_0000 p. 5-10

0x01-0x04 | Reserved — — —
0x05 BDM address attribute register BAAR 0x0000_0005 p. 5-9
0x06 Address attribute trigger register AATR 0x0000_0005 p. 5-7
0x07 Trigger definition register TDR 0x0000_0000 p. 5-14
0x08 Program counter breakpoint register PBR — p. 5-13
0x09 Program counter breakpoint mask register PBMR — p. 5-13

0x0A-0x0B | Reserved — — _

0x0C Address breakpoint high register ABHR — p. 5-8

0x0D Address breakpoint low register ABLR — p. 5-8

OxO0E Data breakpoint register DBR — p. 5-12

OxOF Data breakpoint mask register DBMR — p. 5-12
NOTE:

Debug control registers can be written by the externa
development system or the CPU through the WDEBUG
instruction.

CSR iswrite-only from the programming model. It can be read
or written through the BDM port using the RDMREG and
WDMREG commands.

5.4.1 Address Attribute Trigger Register (AATR)

The address attribute trigger register (AATR) defines address attributes and a mask to be
matched in the trigger. The register value is compared with address attribute signals from
the processor’s loca high-speed bus, as defined by the setting of the trigger definition
register (TDR).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Field| RM ‘ SZM ‘ TT™ ‘ T™MM ‘ R ‘ Sz ‘ TT ‘ ™
Reset 0000_0000_0000_0101

R/W|Write only. AATR is accessible in supervisor mode as debug control register 0x06 using the WDEBUG
instruction and through the BDM port using the WDMREG command.

DRc[4-0] 0x06
Figure 5-5. Address Attribute Trigger Register (AATR)
Table 5-4 describes AATR fields.
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Table 5-4. AATR Field Descriptions

Bits | Name Description

15 RM Read/write mask. Setting RM masks R in address comparisons.

14-13 | SZM | Size mask. Setting an SZM bit masks the corresponding SZ bit in address comparisons.

12-11 | TTM | Transfer type mask. Setting a TTM bit masks the corresponding TT bit in address comparisons.

10-8 | TMM | Transfer modifier mask. Setting a TMM bit masks the corresponding TM bit in address comparisons.

7 R Read/write. R is compared with the R/W signal of the processor’s local bus.
6-5 Sz Size. Compared to the processor’s local bus size signals.

00 Longword

01 Byte

10 Word

11 Reserved

4-3 TT Transfer type. Compared with the local bus transfer type signals.

00 Normal processor access

01 Reserved

10 Emulator mode access

11 Acknowledge/CPU space access

These bits also define the TT encoding for BDM memory commands. In this case, the 01 encoding
indicates an external or DMA access (for backward compatibility). These bits affect the TM bits.

2-0 ™ Transfer modifier. Compared with the local bus transfer madifier signals, which give supplemental
information for each transfer type.

TT = 00 (normal mode):

000 Explicit cache line push

001 User data access

010 User code access

011 Reserved

100 Reserved

101 Supervisor data access

110 Supervisor code access

111 Reserved

TT = 10 (emulator mode):

0xx—100 Reserved

101 Emulator mode data access

110 Emulator mode code access

111 Reserved

TT = 11 (acknowledge/CPU space transfers):

000 CPU space access

001-111 Interrupt acknowledge levels 1-7

These bits also define the TM encoding for BDM memory commands (for backward compatibility).

5.4.2 Address Breakpoint Registers (ABLR, ABHR)

The address breakpoint low and high registers (ABLR, ABHR), Figure 5-6, define regions
in the processor’s data address space that can be used as part of the trigger. These register
values are compared with the address for each transfer on the processor’s high-speed local
bus. The trigger definition register (TDR) identifies the trigger as one of three cases:

1. identically thevaluein ABLR

2. inside the range bound by ABLR and ABHR inclusive

3. outside that same range
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31 0

Field Address

Reset —

R/W |Write only. ABHR is accessible in supervisor mode as debug control register 0xOC using the WDEBUG
instruction and via the BDM port using the RDMREG and WDMREG commands.

ABLR is accessible in supervisor mode as debug control register 0xOD using the WDEBUG instruction and
via the BDM port using the WbDMREG command.

DRc[4-0] 0x0D (ABLR); 0x0C (ABHR)

Figure 5-6. Address Breakpoint Registers (ABLR, ABHR)
Table 5-5 describes ABLR fields.
Table 5-5. ABLR Field Description

Bits Name Description

31-0 | Address | Low address. Holds the 32-bit address marking the lower bound of the address breakpoint range.
Breakpoints for specific addresses are programmed into ABLR.

Table 5-6 describes ABHR fields.
Table 5-6. ABHR Field Description

Bits | Name Description

31-0 | Address | High address. Holds the 32-bit address marking the upper bound of the address breakpoint range.

5.4.3 BDM Address Attribute Register (BAAR)

The BAAR defines the address space for memory-referencing BDM commands. See
Figure 5-7. The reset value of 0x5 sets supervisor data as the default address space.

Field R Sz T ™

Reset 0000_0101

R/W|Write only. BAAR[R,SZ] are loaded directly from the BDM command; BAAR[TT,TM] can be programmed as
debug control register 0x05 from the external development system. For compatibility with Rev. A, BAAR is
loaded each time AATR is written.

DRc[4-0] 0x05

Figure 5-7. BDM Address Attribute Register (BAAR)
Table 5-7 describes BAAR fields.

@) MOTOROLA Chapter 5. Debug Support 5-9

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



Freescale Semiconductor, Inc.

jramming Model

Table 5-7. BAAR Field Descriptions

Bits | Name Description
7 R Read/write

0 Write

1 Read
6-5 |SZ Size

00 Longword

01 Byte

10 Word

11 Reserved
4-3 | TT Transfer type. See the TT definition in Table 5-4.
2-0 |T™ Transfer modifier. See the TM definition in Table 5-4.

5.4.4 Configuration/Status Register (CSR)

The configuration/status register (CSR) defines the debug configuration for the processor
and memory subsystem and contains status information from the breakpoint logic.

Field
Reset

R/W!

Field
Reset
RIW
DRc[4-0]

1 CSRis write-only from the programming model. It can be read from and written to through the BDM port. CSR
is accessible in supervisor mode as debug control register 0x00 using the WDEBUG instruction and through

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BSTAT FOF | TRG |HALT | BKPT HRL — |BKD| — | IPW
0000 0 0 0 0 0001 — — — 0
R R R R R R — — — | RIW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MAP | TRC | EMU DDC UHE BTB —2 | NPL| IPI |SSM —
0 0 0 00 0 00 0 0 — 0 —
R/W | RIW | RIW RIW R/IW R/W R |RW| — |RW —
0x00

the BDM port using the RDMREG and WDMREG commands.

Bit 7 is reserved for Motorola use and must be written as a zero.

Figure 5-8. Configuration/Status Register (CSR)

Table 5-8 describes CSR fields.
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Table 5-8. CSR Field Descriptions

Bit Name Description

31-28 | BSTAT | Breakpoint status. Provides read-only status information concerning hardware breakpoints. BSTAT
is cleared by a TDR write or by a CSR read when either a level-2 breakpoint is triggered or a
level-1 breakpoint is triggered and the level-2 breakpoint is disabled.
0000 No breakpoints enabled
0001 Waiting for level-1 breakpoint
0010 Level-1 breakpoint triggered
0101 Waiting for level-2 breakpoint
0110 Level-2 breakpoint triggered

27 FOF Fault-on-fault. If FOF is set, a catastrophic halt occurred and forced entry into BDM.

26 TRG Hardware breakpoint trigger. If TRG is set, a hardware breakpoint halted the processor core and
forced entry into BDM. Reset and the debug Go command clear TRG.

25 HALT | Processor halt. If HALT is set, the processor executed a HALT and forced entry into BDM. Reset
and the debug co command reset HALT.

24 BKPT | Breakpoint assert. If BKPT is set, BKPT was asserted, forcing the processor into BDM. Reset and
the debug Go command clears this bit.

23-20 | HRL Hardware revision level. Indicates the level of debug module functionality. An emulator could use
this information to identify the level of functionality supported.
0000 |Initial debug functionality (Revision A)
0001 Revision B (this is the only valid value for the MCF5307)

19 — Reserved, should be cleared.

18 BKD Breakpoint disable. Used to disable the normal BKPT input functionality and to allow the assertion
of BKPT to generate a debug interrupt.

0 Normal operation

1 BKPT is edge-sensitive: a high-to-low edge on BKPT signals a debug interrupt to the processor.
The processor makes this interrupt request pending until the next sample point, when the
exception is initiated. In the ColdFire architecture, the interrupt sample point occurs once per
instruction. There is no support for nesting debug interrupts.

17 PCD | PSTCLK disable. Setting PCD disables generation of PSTCLK, PST and DDATA outputs and
forces them to remain quiescent.

16 IPW Inhibit processor writes. Setting IPW inhibits processor-initiated writes to the debug module’s
programming model registers. IPW can be modified only by commands from the external
development system.

15 MAP | Force processor references in emulator mode.

0 All emulator-mode references are mapped into supervisor code and data spaces.
1 The processor maps all references while in emulator mode to a special address space, TT = 10,
TM =101 or 110.

14 TRC Force emulation mode on trace exception. If TRC = 1, the processor enters emulator mode when a
trace exception occurs.

13 EMU | Force emulation mode. If EMU = 1, the processor begins executing in emulator mode. See
Section 5.6.1.1, “Emulator Mode.”

12-11 | DDC | Debug data control. Controls operand data capture for DDATA, which displays the number of bytes

defined by the operand reference size before the actual data; byte displays 8 bits, word displays 16
bits, and long displays 32 bits (one nibble at a time across multiple clock cycles). See Table 5-2.
00 No operand data is displayed.

01 Capture all write data.

10 Capture all read data.

11 Capture all read and write data.
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Table 5-8. CSR Field Descriptions (Continued)

Bit Name Description
10 UHE User halt enable. Selects the CPU privilege level required to execute the HALT instruction.
0 HALT is a supervisor-only instruction.
1 HALT is a supervisor/user instruction.
9-8 | BTB Branch target bytes. Defines the number of bytes of branch target address DDATA displays.
00 O bytes
01 Lower 2 bytes of the target address
10 Lower 3 bytes of the target address
11 Entire 4-byte target address
See Section 5.3.1, “Begin Execution of Taken Branch (PST = 0x5).
7 — Reserved, should be cleared.
6 NPL Non-pipelined mode. Determines whether the core operates in pipelined or mode or not.
0 Pipelined mode
1 Nonpipelined mode. The processor effectively executes one instruction at a time with no overlap.
This adds at least 5 cycles to the execution time of each instruction. Instruction folding is
disabled. Given an average execution latency of 1.6, throughput in non-pipeline mode would be
6.6, approximately 25% or less of pipelined performance.
Regardless of the NPL state, a triggered PC breakpoint is always reported before the triggering
instruction executes. In normal pipeline operation, the occurrence of an address and/or data
breakpoint trigger is imprecise. In non-pipeline mode, triggers are always reported before the next
instruction begins execution and trigger reporting can be considered precise.
An address or data breakpoint should always occur before the next instruction begins execution.
Therefore the occurrence of the address/data breakpoints should be guaranteed.
5 IPI Ignore pending interrupts.
1 Core ignores any pending interrupt requests signalled while in single-instruction-step mode.
0 Core services any pending interrupt requests that were signalled while in single-step mode.
4 SSM | Single-step mode. Setting SSM puts the processor in single-step mode.
0 Normal mode.
1 Single-step mode. The processor halts after execution of each instruction. While halted, any
BDM command can be executed. On receipt of the o command, the processor executes the
next instruction and halts again. This process continues until SSM is cleared.
3-0 — Reserved, should be cleared.

5.4.5 Data Breakpoint/Mask Registers (DBR, DBMR)

The data breakpoint registers, Figure 5-9, specify data patterns used as part of the trigger
into debug mode. Only DBR bits not masked with a corresponding zero in DBMR are
compared with the data from the processor’s local bus, as defined in TDR.

Field
Reset

R/IW

DRc[4-0]

5-12

31

Data (DBR); Mask (DBMR)

Uninitialized

DBR is accessible in supervisor mode as debug control register 0XOE, using the WDEBUG instruction and
through the BDM port using the RDMREG and WDMREG commands.

DBMR is accessible in supervisor mode as debug control register OxOF using the WDEBUG instruction and
via the BDM port using the WbMREG command.

OxXOE (DBR), OXOF (DBMR)

Figure 5-9. Data Breakpoint/Mask Registers (DBR and DBMR)
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Table 5-9 describes DBR fields.
Table 5-9. DBR Field Descriptions

Bits | Name Description

31-0 | Data Data breakpoint value. Contains the value to be compared with the data value from the processor’s
local bus as a breakpoint trigger.

Table 5-10 describes DBMR fields.
Table 5-10. DBMR Field Descriptions

Bits | Name Description

31-0 | Mask | Data breakpoint mask. The 32-bit mask for the data breakpoint trigger. Clearing a DBR bit allows
the corresponding DBR bit to be compared to the appropriate bit of the processor’s local data bus.
Setting a DBMR bit causes that bit to be ignored.

The DBR supports both aligned and misaligned references. Table 5-11 shows rel ationships
between processor address, access size, and location within the 32-bit data bus.

Table 5-11. Access Size and Operand Data Location

A[1:0] Access Size Operand Location

00 Byte D[31:24]
01 Byte D[23:16]
10 Byte D[15:8]
11 Byte D[7:0]

0x Word D[31:16]
1x Word D[15:0]
XX Longword D[31:0]

5.4.6 Program Counter Breakpoint/Mask Registers
(PBR, PBMR)

The PC breakpoint register (PBR) defines an instruction address for use as part of the
trigger. Thisregister’s contents are compared with the processor’s program counter register
when TDR is configured appropriately. PBR bits are masked by clearing corresponding
PBMR hits. Results are compared with the processor’s program counter register, as defined
in TDR. Figure 5-10 shows the PC breakpoint register.
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31 1 0

Field Program Counter

Reset —

R/W |Write. PC breakpoint register is accessible in supervisor mode using the WDEBUG instruction and through
the BDM port using the RDMREG and WDMREG commands using values shown in Section 5.5.3.3, “Command
Set Descriptions.”

DRc[4-0] 0x08

Figure 5-10. Program Counter Breakpoint Register (PBR)
Table 5-12 describes PBR fields.
Table 5-12. PBR Field Descriptions

Bits | Name Description

31-0 | Address | PC breakpoint address. The 32-bit address to be compared with the PC as a breakpoint trigger.

Figure 5-11 shows PBMR.

31 0
Field Mask

Reset —

R/W|  Write. PBMR is accessible in supervisor mode as debug control register 0x09 using the WDEBUG
instruction and via the BDM port using the wdmreg command.

DRc[4-0] 0x09

Figure 5-11. Program Counter Breakpoint Mask Register (PBMR)
Table 5-13 describes PBMR fields.
Table 5-13. PBMR Field Descriptions

Bits | Name Description

31-0 | Mask | PC breakpoint mask. A zero in a bit position causes the corresponding PBR bit to be compared to
the appropriate PC bit. Set PBMR bits cause PBR bits to be ignored.

5.4.7 Trigger Definition Register (TDR)

The TDR, shown in Table 5-12, configures the operation of the hardware breakpoint logic
that corresponds with the ABHR/ABLR/AATR, PBR/PBMR, and DBR/DBMR registers
within the debug module. The TDR control s the actions taken under the defined conditions.
Breakpoint logic may be configured as aone- or two-level trigger. TDR[31-16] define the
second-level trigger and bits 15-0 define the first-level trigger.
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NOTE:

The debug module has no hardware interlocks, so to prevent
spurious breakpoint triggers while the breakpoint registers are
being loaded, disable TDR (by clearing TDR[29,13] before
defining triggers.

A writeto TDR clearsthe CSR trigger status bits, CSR[BSTAT].

Section Table5-14., “TDR Field Descriptions,” describes how to handle multiple
breakpoint conditions.

Reset

Reset

DRc[4-0]

31

Second-Level Trigger

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

Field| TRC ‘ EBL ‘ EDLW ‘EDWL‘ EDWU ‘EDLL‘ EDLM ‘EDUM‘EDUU‘ DI ‘ EAIl ‘EAR‘ EAL ‘ EPC‘ PCI

0000_0000_0000_0000

15

First-Level Trigger
14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field| LxT ‘ EBL ‘ EDLW ‘EDWL‘ EDWU ‘EDLL‘ EDLM ‘EDUM‘EDUU‘ D

‘ EAI ‘ EAR‘ EAL ‘ EPC‘ PCI

0000_0000_0000_0000

R/W |Write only. Accessible in supervisor mode as debug control register 0x07 using the WDEBUG instruction and

through the BDM port using the WbDMREG command.

0x07

Figure 5-12. Trigger Definition Register (TDR)

Table 5-14 describes TDR fields.

Table 5-14. TDR Field Descriptions

Bits

Name

Description

31-30

TRC

Trigger response control. Determines how the processor responds to a completed trigger condition. The
trigger response is always displayed on DDATA.

00 Display on DDATA only

01 Processor halt

10 Debug interrupt

11 Reserved

15:14

LxT

Level-x trigger. This is a Rev. B function. The Level-x Trigger bit determines the logic operation for the
trigger between the PC_condition and the (Address_range & Data_condition) where the inclusion of a
Data condition is optional. The ColdFire debug architecture supports the creation of single or double-level
triggers.

TDRI[15]

0 Level-2 trigger = PC_condition & Address_range & Data_condition

1 Level-2 trigger = PC_condition | (Address_range & Data_condition)

TDR[14]

0 Level-1 trigger = PC_condition & Address_range & Data_condition

1 Level-1 trigger = PC_condition | (Address_range & Data_condition)

29/13

EBL

Enable breakpoint. Global enable for the breakpoint trigger. Setting TDR[EBL] enables a breakpoint
trigger. Clearing it disables all breakpoints.
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Table 5-14. TDR Field Descriptions (Continued)
Bits | Name Description
28-22 | EDx Setting an EDx bit enables the corresponding data breakpoint condition based on the size and placement
12-6 on the processor’s local data bus. Clearing all EDx bits disables data breakpoints.
28/12 EDLW | Data longword. Entire processor’s local data bus.
27/11 EDWL | Lower data word.
26/10 EDWU | Upper data word.
25/9 EDLL | Lower lower data byte. Low-order byte of the low-order word.
24/8 EDLM | Lower middle data byte. High-order byte of the low-order word.
23/7 EDUM | Upper middle data byte. Low-order byte of the high-order word.
22/6 EDUU | Upper upper data byte. High-order byte of the high-order word.
21/5 DI Data breakpoint invert. Provides a way to invert the logical sense of all the data breakpoint comparators.
This can develop a trigger based on the occurrence of a data value other than the DBR contents.
20-18/ | EAX Enable address bits. Setting an EA bit enables the corresponding address breakpoint. Clearing all three
4-2 bits disables the breakpoint.
20/4 EAI Enable address breakpoint inverted. Breakpoint is based outside the range between ABLR and
ABHR.
19/3 EAR Enable address breakpoint range. The breakpoint is based on the inclusive range defined by
ABLR and ABHR.
18/2 EAL Enable address breakpoint low. The breakpoint is based on the address in the ABLR.
17/1 EPC Enable PC breakpoint. If set, this bit enables the PC breakpoint.
16/0 PCI Breakpoint invert. If set, this bit allows execution outside a given region as defined by PBR and PBMR to
enable a trigger. If cleared, the PC breakpoint is defined within the region defined by PBR and PBMR.

5.5 Background Debug Mode (BDM)

The ColdFire Family implements a low-level system debugger in the microprocessor
hardware. Communication with the development system is handled through a dedicated,
high-speed serial command interface. The ColdFire architecture implements the BDM
controller in a dedicated hardware module. Although some BDM operations, such as CPU
register accesses, require the CPU to be halted, other BDM commands, such as memory
accesses, can be executed while the processor is running.

5.5.1 CPU Halt

Although many BDM operations can occur in parallel with CPU operations, unrestricted
BDM operation requires the CPU to be halted. The sources that can cause the CPU to halt
are listed below in order of priority:

1. A catastrophic fault-on-fault condition automatically halts the processor.
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A hardware breakpoint can be configured to generate a pending halt condition
similar to the assertion of BKPT. Thistype of halt is always first made pending in
the processor. Next, the processor samplesfor pending halt and interrupt conditions
once per instruction. When a pending condition is asserted, the processor halts
execution at the next sample point. See Section 5.6.1, “Theory of Operation.”

The execution of aHALT instruction immediately suspends execution. Attempting
to execute HALT in user mode while CSR[UHE] = 0 generates aprivilege violation
exception. If CSR[UHE] = 1, HALT can be executed in user mode. After HALT
executes, the processor can be restarted by serial shifting a Go command into the
debug module. Execution continues at the instruction after HALT.

The assertion of the BKPT input is treated as a pseudo-interrupt; that is, the halt
condition is postponed until the processor core samples for halts/interrupts. The
processor samples for these conditions once during the execution of each
instruction. If there is a pending halt condition at the sample time, the processor
suspends execution and enters the halted state.

The assertion of BKPT should be considered in the following two special cases:

After the system reset signal is negated, the processor waits for 16 processor clock
cycles before beginning reset exception processing. If the BKPT input is asserted
within eight cycles after RSTI is negated, the processor enters the halt state,
signaling halt status (OxF) on the PST outputs. While the processor isin this state,
all resources accessible through the debug module can be referenced. Thisisthe
only chanceto force the processor into emulation mode through CSR[EMU].

After systeminitialization, the processor’s response to the Go command depends on
the set of BDM commands performed whileit is halted for a breakpoint.
Specifically, if the PC register was|oaded, the Go command causes the processor to
exit halted state and pass control to the instruction address in the PC, bypassing
normal reset exception processing. If the PC was not loaded, the Go command
causes the processor to exit halted state and continue reset exception processing.

The ColdFire architecture also handles a special case of BKPT being asserted while
the processor is stopped by execution of the STOP instruction. For this case, the
processor exitsthe stopped mode and entersthe halted state, at which point, all BDM
commands may be exercised. When restarted, the processor continues by executing
the next sequential instruction, that is, the instruction following the STOP opcode.

CSR[27-24] indicates the halt source, showing the highest priority source for multiple halt
conditions.

5.5.2 BDM Serial Interface

When the CPU is halted and PST reflects the halt status, the devel opment system can send
unrestricted commandsto the debug module. The debug modul eimplements asynchronous
protocol using two inputs (DSCLK and DSI) and one output (DSO), where DSCLK and
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DSI must meet the required input setup and hold timings and the DSO is specified asadelay
relative to the rising edge of the processor clock. See Table 5-1. The development system
serves as the serial communication channel master and must generate DSCLK.

The seria channel operates at a frequency from DC to 1/5 of the processor frequency. The
channel uses full-duplex mode, where data is sent and received simultaneously by both
master and slave devices. The transmission consists of 17-bit packets composed of a
status/control bit and a 16-bit data word. As shown in Figure 5-13, all state transitions are
enabled on a rising edge of the processor clock when DSCLK is high; that is, DSl is
sampled and DSO is driven.

C1 Cc2 C3 C4

CPU CLK
PSTCLK

pSCLK | | | |

|
T
\
f
[

f f
\ \
i f
[ [
| |
I |

]

T

\
DSl ‘ >< ‘ Curreht ‘ ‘ >< ‘ Next ‘
[ [ [ [ [ [ [
BDM State — : : | | | | | | |
Machine L | Current State X 1 1 Next State ]
DSO I I Past‘ I I I >< I d:urrent I I
T T T T T T T T T

Figure 5-13. BDM Serial Interface Timing

DSCLK and DSI are synchronized inputs. DSCLK acts as a pseudo clock enable and is
sampled on the rising edge of the processor CLK aswell asthe DSI. DSO is delayed from
the DSCLK-enabled CLK rising edge (registered after aBDM state machine state change).
All events in the debug modul€e’s serial state machine are based on the processor clock
rising edge. DSCLK must aso be sampled low (on a positive edge of CLK) between each
bit exchange. The MSB s transferred first. Because DSO changes state based on an
internally-recognized rising edge of DSCLK, DSDO cannot be used to indicate the start of
a serial transfer. The development system must count clock cycles in a given transfer.
C1-C4 are described as follows:

e Cl—First synchronization cycle for DSI (DSCLK is high).
¢ C2—Second synchronization cycle for DSI (DSCLK is high).

* C3—BDM state machine changes state depending upon DSI and whether the entire
input data transfer has been transmitted.

e C4—DSO changesto next value.

NOTE:

A not-ready response can be ignored except during a
memory-referencing cycle. Otherwise, the debug module can
accept anew seria transfer after 32 processor clock periods.
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5.5.2.1 Receive Packet Format
The basic receive packet, Figure 5-14, consists of 16 data bits and 1 status hit.

16 15 0

’ S ‘ Data Field [15:0]

Figure 5-14. Receive BDM Packet

Table 5-15 describes receive BDM packet fields.
Table 5-15. Receive BDM Packet Field Description

Bits | Name Description

16 S Status. Indicates the status of CPU-generated messages listed below. The not-ready response can
be ignored unless a memory-referencing cycle is in progress. Otherwise, the debug module can
accept a new serial transfer after 32 processor clock periods.

Data Message

XXXX Valid data transfer

OXFFFF  Status OK

0x0000  Not ready with response; come again

0x0001 Error—Terminated bus cycle; data invalid

OxFFFF lllegal command

PRrPROON

15-0 | Data Data. Contains the message to be sent from the debug module to the development system. The
response message is always a single word, with the data field encoded as shown above.

5.5.2.2 Transmit Packet Format
The basic transmit packet, Figure 5-15, consists of 16 data bits and 1 control bit.
16 15 0
’ C ‘ D[15:0]
Figure 5-15. Transmit BDM Packet

Table 5-16 describes transmit BDM packet fields.
Table 5-16. Transmit BDM Packet Field Description

Bits | Name Description

16 C Control. This bit is reserved. Command and data transfers initiated by the development system
should clear C.

15-0 | Data | Contains the data to be sent from the development system to the debug module.

5.5.3 BDM Command Set

Table 5-17 summarizes the BDM command set. Subsequent paragraphs contain detailed
descriptions of each command. Issuing a BDM command when the processor is accessing
debug module registers using the WDEBUG instruction causes undefined behavior.
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Table 5-17. BDM Command Summary

. . CPU . Command
Command | Mnemonic Description Statel Section (Hex)
Read A/D RAREG/ Read the selected address or data register and Halted | 5.5.3.3.1 | 0x218 {A/D,
register RDREG return the results through the serial interface. Reg[2:0]}
Write A/D WAREG/ Write the data operand to the specified address or Halted | 5.5.3.3.2 | 0x208 {A/D,
register WDREG data register. Reg[2:0]}
Read READ Read the data at the memory location specified by Steal 5.5.3.3.3 | 0x1900—hyte
memory the longword address. 0x1940—word
location 0x1980—Iword
Write WRITE Write the operand data to the memory location Steal 5.5.3.3.4 | 0x1800—byte
memory specified by the longword address. 0x1840—word
location 0x1880—Iword
Dump DUMP Used with READ to dump large blocks of memory. Steal 5.5.3.3.5 | 0x1D00—Dbyte
memory An initial READ is executed to set up the starting 0x1D40—word
block address of the block and to retrieve the first result. 0x1D80—Iword
A bump command retrieves subsequent operands.
Fill memory | FILL Used with wWrITE to fill large blocks of memory. An Steal 5.5.3.3.6 | 0x1C00—Dbyte
block initial WRITE is executed to set up the starting 0x1C40—word
address of the block and to supply the first operand. 0x1C80—Iword
A FILL command writes subsequent operands.
Resume GO The pipeline is flushed and refilled before resuming | Halted | 5.5.3.3.7 | 0x0C00
execution instruction execution at the current PC.
No operation | NOP Perform no operation; may be used as a null Parallel | 5.5.3.3.8 | 0x0000
command.
Output the SYNC_PC | Capture the current PC and display it on the Parallel | 5.5.3.3.9 | 0x0001
current PC PST/DDATA output pins.
Read control |RCREG Read the system control register. Halted |5.5.3.3.10|0x2980
register
Write control | WCREG Write the operand data to the system control Halted |5.5.3.3.11|0x2880
register register.
Read debug |RDMREG Read the debug module register. Parallel |5.5.3.3.12 | 0x2D {0x42
module DRc[4:0]}
register
Write debug | WDMREG Write the operand data to the debug module Parallel |5.5.3.3.13]0x2C {0x4?
module register. Drc[4:0]}
register

1

General command effect and/or requirements on CPU operation:

- Halted. The CPU must be halted to perform this command.
- Steal. Command generates bus cycles that can be interleaved with bus accesses.
- Parallel. Command is executed in parallel with CPU activity.

2 0x4 is a three-bit field.

Unassighed command opcodes are reserved by Motorola. All unused command formats
within any revision level perform aNop and return the illegal command response.

5.5.3.1 ColdFire BDM Command Format

All ColdFire Family BDM commands include a 16-bit operation word followed by an
optional set of one or more extension words, as shown in Figure 5-16.
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15 10 9 8 7 6 5 4 3 2 0
Operation ‘ 0 ‘R/W‘ Op Size ‘ 0 ‘ 0 ‘A/D‘ Register

Extension Word(s)

Figure 5-16. BDM Command Format

Table 5-18 describes BDM fields.
Table 5-18. BDM Field Descriptions

Bit Name Description

15-10 | Operation | Specifies the command. These values are listed in Table 5-17.

9 0 Reserved

8 R/W Direction of operand transfer.
0 Data is written to the CPU or to memory from the development system.
1 The transfer is from the CPU to the development system.

7-6 Operand | Operand data size for sized operations. Addresses are expressed as 32-bit absolute values.

Size Note that a command performing a byte-sized memory read leaves the upper 8 bits of the

response data undefined. Referenced data is returned in the lower 8 bits of the response.
Operand Size  Bit Values

00 Byte 8 bits
01 Word 16 bits
10 Longword 32 bits
11 Reserved —
5-4 00 Reserved
3 A/ID Address/data. Determines whether the register field specifies a data or address register.

0 Indicates a data register.
1 Indicates an address register.

2-0 Register | Contains the register number in commands that operate on processor registers.

5.5.3.1.1 Extension Words as Required

Some commands require extension words for addresses and/or immediate data. Addresses
require two extension words because only absolute long addressing is permitted. Longword
accesses are forcibly longword-aligned and word accesses are forcibly word-aligned.
Immediate data can be 1 or 2 words long. Byte and word data each requires a single
extension word and longword data requires two extension words.

Operands and addresses are transferred most-significant word first. In the following
descriptions of the BDM command set, the optional set of extension words is defined as
address, data, or operand data.

5.5.3.2 Command Sequence Diagrams

The command seguence diagram in Figure 5-17 shows serial bus traffic for commands.
Each bubble represents a 17-bit bus transfer. The top half of each bubble indicates the data
the development system sends to the debug module; the bottom half indicates the debug
modul€’s response to the previous development system commands. Command and result
transactions overlap to minimize latency.
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— COMMANDS TRANSMITTED TO THE DEBUG MODULE

— COMMAND CODE TRANSMITTED DURING THIS CYCLE
r— HIGH-ORDER 16 BITS OF MEMORY ADDRESS
LOW-ORDER 16 BITS OF MEMORY ADDRESS

NONSERIAL-RELATED ACTIVITY

SEQUENCE TAKEN IF
OPERATION HAS NOT
COMPLETED

NEXT
COMMAND
CODE

READ
MEMORY
LOCATION

MS ADDR LS ADDR
NOT READY. NOT READY

N4 XXX\
\UNOT READY./
/XXX \ NEXT CMD

MS RESULT LS RESULT
XXX NEXT CMD
[ BERR “NOT READY.

SEQUENCE TAKEN IF BUS

SEQUENCE TAKEN IF ERROR OCCURS ON
ILLEGAL COMMAND MEMORY ACCESS

IS RECEIVED BY DEBUG MODULE

DATA UNUSED FROM
THIS TRANSFER

— HIGH- AND LOW-ORDER
— RESULTS FROM PREVIOUS COMMAND 16 BITS OF RESULT

— RESPONSES FROM THE DEBUG MODULE

Figure 5-17. Command Sequence Diagram

The sequence is as follows:

5-22

In cycle 1, the devel opment system command isissued (READ in thisexample). The
debug module responds with either the low-order results of the previous command
or acommand complete status of the previous command, if no results are required.

In cycle 2, the devel opment system supplies the high-order 16 address bits. The
debug module returns anot-ready response unlessthe received command is decoded
as unimplemented, which isindicated by theillegal command encoding. If this
occurs, the development system should retransmit the command.

NOTE:

A not-ready response can be ignored except during a
memory-referencing cycle. Otherwise, the debug module can
accept anew seria transfer after 32 processor clock periods.

In cycle 3, the development system supplies the low-order 16 address bits. The
debug module always returns a not-ready response.

At the completion of cycle 3, the debug module initiates a memory read operation.
Any serial transfersthat begin during amemory access return a not-ready response.
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* Resultsarereturned in the two serial transfer cycles after the memory access
completes. For any command performing a byte-sized memory read operation, the
upper 8 bits of the response data are undefined and the referenced dataisreturned in
the lower 8 bits. The next command’s opcode is sent to the debug module during the
final transfer. If amemory or register accessisterminated with abus error, the error
status (S= 1, DATA = 0x0001) is returned instead of result data.

5.5.3.3 Command Set Descriptions
The following sections describe the commands summarized in Table 5-17.

NOTE:

The BDM dtatus bit (S) is 0 for normaly completed
commands; S=1 for illegal commands, not-ready responses,
and transfers with bus-errors. Section 5.5.2, “BDM Seria
Interface,” describes the receive packet format.

Motorola reserves unassigned command opcodes for future expansion. Unused command
formatsin any revision level perform aNoOP and return an illegal command response.
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5.5.3.3.1 Read A/D Register (RAREG/RDREG)

Read the selected address or data register and return the 32-bit result. A bus error response
isreturned if the CPU coreis not halted.

Command/Result Formats:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Command 0x2 0x1 0x8 ‘ A/ID ‘ Register
Result D[31:16]
D[15:0]

Figure 5-18. RAREG/RDREG Command Format

Command Sequence:

/~ RAREGRDREG \ _ /~ XXX\ ./ NEXTCMD\
72?2 \WSRESULT /= \LSRESULT/

XXX NEXT CMD
BERR NOT READY,

Figure 5-19. RAREG/RDREG Command Sequence

Operand Data: None

Result Data: The contents of the selected register are returned as alongword
value, most-significant word first.
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5.5.3.3.2 Write A/D Register (WAREG/WDREG)

The operand longword dataiswritten to the specified address or dataregister. A write alters
all 32 register bits. A bus error responseis returned if the CPU coreis not halted.

Command Format:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0x2 0x0 0x8 ‘ A/ID ‘ Register
D[31:16]
D[15:0]

Figure 5-20. WAREG/WDREG Command Format

Command Sequence

(~_ WDREG/WAREG / MSDATAY _ / ISDATA Y _ /  NEXTCMD
. 222 /7 7 \WoTREADY/  TT\WOTREADY/ T \CMD COMPLETE"/

XXX (/_NEXT CMD \
\_BERR__/ ~ \NOT READYY/

Figure 5-21. WAREG/WDREG Command Sequence

Operand Data Longword data is written into the specified address or data register.
The data is supplied most-significant word first.
Result Data Command compl ete statusisindicated by returning OXFFFF (with S

cleared) when the register write is complete.
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5.5.3.3.3 Read Memory Location (READ)

Read data at the longword address. Address space is defined by BAAR[TT,TM]. Hardware
forces low-order address bits to zeros for word and longword accesses to ensure that word
addresses are word-aligned and longword addresses are longword-aligned.

Command/Result Formats:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Byte Ox1 ‘ 0x9 ‘ 0x0 0x0
Command A[31:16]
A[15:0]
ResuItX‘X‘X‘X x‘x‘x‘x D[7:0]
Word |Command 0x1 0x9 0x4 0x0
A[31:16]
A[15:0]
Result D[15:0]
Longword | Command Ox1 0x9 0x8 0x0
A[31:16]
A[15:0]
Result D[31:16]
D[15:0]
Figure 5-22. READ Command/Result Formats
Command Sequence:
READ (BIW) WS ADDR LS ADDR READ 4 0o >
m “NOT READY. s\ (ot ready/

NEXT CMD
\_RESULT /
/ XXX \ o/ NEXTCMD Y
BERR ‘NOT READY.

READ (LONG MS ADDR 1S ADDR ME,\EA/?)%Y 4 XX
{ ) ) "NOT READY "NOT READY LOCATION N\ Ready/
tm -/ NEXT CMD

\WSRESULT/ = \LSRESULT /

/[ XXX \ o/ NEXTCMD Y\
BERR \Qor Reapy/

Figure 5-23. READ Command Sequence

Operand Data The only operand is the longword address of the requested location.

Result Data Word resultsreturn 16 bits of data; longword results return 32. Bytes
arereturned inthe LSB of aword result, the upper byte is undefined.
0x0001 (S=1) isreturned if abus error occurs.
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5.5.3.3.4 Write Memory Location (WRITE)

Write data to the memory location specified by the longword address. The address spaceis
defined by BAAR[TT,TM]. Hardware forces low-order address bits to zeros for word and
longword accesses to ensure that word addresses are word-aligned and longword addresses
are longword-aligned.

Command Formats:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
Byte Ox1 ‘ 0x8 ‘ 0x0 0x0

A[31:16]
A[15:0]
x‘x‘x‘x x‘x‘x‘x D[7:0]

Word 0x1 0x8 0x4 0x0

A[31:16]
A[15:0]
D[15:0]

Longword 0x1 0x8 0x8 0x0

A[31:16]
A[15:0]
D[31:16]
D[15:0]
Figure 5-24. WRITE Command Format

@) MOTOROLA Chapter 5. Debug Support 5-27

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



Freescale Semiconductor, Inc.
<ground Debug Mode (BDM)

Command Sequence:

WRITE (BW MS ADDR LS ADDR DATA le\zlr\?ggv ‘ VY
€ ) ) "NOT READY "NOT READY 6’NOT READY')' § LOCATION Qnot ReaDy/
NEXT CMD

“CMD COMPLETE"
BERR

NEXT CMD
"NOT READY.

WRITE (LONG MS ADDR LS ADDR
2?7? NOT READY, NOT READY,

XXX

(XXX
"NOT READY
NEXT CMD

CMD COMPLETE”

- _ MEMORY
NOT READY LOCATION

XXX

BERR

/—/

NEXT CMD
“NOT READY,

Figure 5-25. WRITE Command Sequence

Operand Data This two-operand instruction requires alongword absolute address
that specifies alocation to which the data operand is to be written.
Bytedatais sent asa16-bit word, justified in the LSB; 16- and 32-bit
operands are sent as 16 and 32 hits, respectively

Result Data Command complete statusisindicated by returning OXFFFF (with S
cleared) when the register writeiscomplete. A value of 0x0001 (with
Sset) isreturned if abus error occurs.
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5.5.3.3.5 Dump Memory Block (DumP)

DUMP is used with the READ command to access large blocks of memory. An initial READ
is executed to set up the starting address of the block and to retrieve the first result. If an
initial READ isnot executed before the first bumP, anillegal command responseis returned.
The bumpP command retrieves subsequent operands. The initial address is incremented by
the operand size (1, 2, or 4) and saved in atemporary register. Subsequent bump commands
use this address, perform the memory read, increment it by the current operand size, and
store the updated address in the temporary register.

NOTE:

DUMP does not check for avalid address; it isavalid command
only when preceded by NOP, READ, or another bumP command.
Otherwise, an illegal command response is returned. NOP can
be used for intercommand padding without corrupting the
address pointer.

The sizefield is examined each time a bumP command is processed, allowing the operand
sizeto be dynamically altered.

Command/Result Formats;

Byte Command 0ox1 0xD 0x0 ‘ 0x0
Result X ‘ X ‘ X ‘ X | X ‘ X ‘ X ‘ X DI[7:0]
Word Command 0ox1 0xD 0x4 ‘ 0x0
Result D[15:0]
Longword | Command 0ox1 ‘ 0xD ‘ 0x8 ‘ 0x0
Result D[31:16]
D[15:0]

Figure 5-26. bump Command/Result Formats
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Command Sequence:

DUMP (W) Mgh%%v Y XXX\ j

>

_ J LOGATION "NOT READY"

NEXT CMD
RESULT

(X0 ONEXTeMD N\ 7 XX ) /7 NEXTCMD
iLtecar J ~ \Unot Ready?/ \__BERR__J = \UNOTREADYY/

/DUMP (LONG) > ME;@%Y Y X))
_ J LOGATION "NOT READY"

/ NEXTCMD )\ . [~ NEXTCMD )
\WsSResuLT/ ~ \_LSRESULT /

XXX /NEXTOMD O N/~ XXX\ /7 NEXTCMD )
\ '|LLEGAL" j ~~\UNOT READY"/ 8RR/ \UnoT ReadyY/

Figure 5-27. pump Command Sequence

Operand Data: None

Result Data: Requested dataisreturned as either aword or longword. Byte datais
returned in the least-significant byte of aword result. Word results
return 16 bits of significant data; longword results return 32 bits. A
value of 0x0001 (with S set) isreturned if abus error occurs.
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5.5.3.3.6 Fill Memory Block (FILL)

A FILL command is used with the wRITE command to access large blocks of memory. An
initial WRITE is executed to set up the starting address of the block and to supply the first
operand. The FILL command writes subsequent operands. Theinitial addressisincremented
by the operand size (1, 2, or 4) and saved in atemporary register after the memory write.
Subseguent FILL commands use this address, perform the write, increment it by the current
operand size, and store the updated address in the temporary register.

If aninitial WRITE is not executed preceding the first FILL command, the illegal command
response s returned.

NOTE:

The FILL command does not check for avalid address—FILL is
avalid command only when preceded by another FILL, a NOP,
or awRITE command. Otherwise, anillegal command response
is returned. The NOP command can be used for intercommand
padding without corrupting the address pointer.

The size field is examined each time a FILL command is processed, allowing the operand
size to be altered dynamically.

Command Formats:

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

Byte Ox1 0xC 0x0 ‘ 0x0
x‘x‘x‘x x‘x‘x‘x D[7:0]
Word 0ox1 0xC 0x4 ‘ 0x0
D[15:0]
Longword 0x1 ‘ oxC ‘ 0x8 ‘ 0x0
D[31:16]
D[15:0]
Figure 5-28. FILL Command Format
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Command Sequence:

FILL (LONG) (_MSDATA Y\ _ (” LSDATA Y\ _ M‘g;ggY
 J \UNoTREADY"/ ~ \UNOT READY"/ LOCATION

XXX NEXT CMD NEXT CMD
"ILLEGAL" “NOT READY", \CMD COMPLETE,

XXX ) (_ NEXT CMD
\_ BERR __J = \UNOTREADYY/

277

DATA EnOEy (m
"NOT READY"

LOCATION 'NOT READY"
XXX NEXT CMD ”_NEXTCMD_
"ILLEGAL" "NOT READY" CMD COMPLETE
XXX NEXT CMD
BERR "NOT READY’,

Figure 5-29. FILL Command Sequence

Operand Data: A single operand is data to be written to the memory location. Byte
dataissent asa 16-bit word, justified in theleast-significant byte; 16-
and 32-bit operands are sent as 16 and 32 bits, respectively.

Result Data: Command compl ete status (OxFFFF) is returned when the register
writeis complete. A value of 0x0001 (with S set) isreturned if abus
€rror occurs.
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5.5.3.3.7 Resume Execution (Go)

The pipeline is flushed and refilled before normal instruction execution resumes.
Prefetching begins at the current address in the PC and at the current privilege level. If any
register (such asthe PC or SR) isaltered by aBDM command while the processor is halted,

the updated value is used when prefetching resumes. If a Go command is issued and the
CPU is not halted, the command is ignored.

15 14 13 12 11 10 9 8

0x0 ‘ 0xC 0x0 0x0

Figure 5-30. o Command Format

Command Sequence:

(GO '{ NEXTCMD
7 J \.cMD COMPLETE/

Figure 5-31. co Command Sequence

Operand Data: None
Result Data: The command-compl ete response (OxFFFF) is returned during the
next shift operation.
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5.5.3.3.8 No Operation (NOP)
NOP performs no operation and may be used as a null command where required.
Command Formats:

15 12 11 8 7 4 3 0

0x0 ‘ 0x0 0x0 0x0

Figure 5-32. NoP Command Format

Command Sequence:

[ NOP 1\ - NEXT CMD
7 J \CMD COMPLETE)
Figure 5-33. NoP Command Sequence

Operand Data: None

Result Data: The command-compl ete response, OxFFFF (with S cleared), is
returned during the next shift operation.

5-34 MCF5307 User’s Manual (M) moToroLa

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



Freescale Semiconductor, Inc.
Background Debug Mode (BDM)

5.5.3.3.9 Synchronize PC to the PST/DDATA Lines (SYNC_PC)

The synNC_Pc command captures the current PC and displays it on the PST/DDATA
outputs. After the debug module receives the command, it sends a signal to the ColdFire
processor that the current PC must be displayed. The processor then forces an instruction
fetch at the next PC with the address being captured in the DDATA logic under control of
CSR[BTB]. The specific sequence of PST and DDATA valuesis as follows:

1. Debug signalsasyNc_pc command is pending.
2. CPU completes the current instruction.

3. CPU forces an instruction fetch to the next PC, generates a PST = 0x5 value
indicating a taken branch and signals the capture of DDATA.

4. Theinstruction address corresponding to the PC is captured.
5. The PST marker (0x9-0xB) is generated and displayed as defined by CSR[BTB]
followed by the captured PC address.

The sync_Pc command can be used to dynamicaly access the PC for performance
monitoring. The execution of this command is considerably less obtrusive to the real-time
operation of an application than a HALT-CPU/READ-PC/RESUME command sequence.

Command Formats;

15 12 11 8 7 4 3 0
0x0 ‘ 0x0 ‘ 0x0 ‘ ox1

Figure 5-34. sync_pc Command Format
Command Sequence:

(SYNC_PC\ o> NEXTCMD
U J \"CMDCOMPLETE'}'

Figure 5-35. sync_pc Command Sequence

Operand Data: None

Result Data: Command complete status (OXFFFF) is returned when the register
writeis complete.
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5.5.3.3.10 Read Control Register (RCREG)

Read the selected control register and return the 32-bit result. Accesses to the
processor/memory control registers are always 32 bits wide, regardliess of register width.
The second and third words of the command form a 32-bit address, which the debug
module uses to generate a specia bus cycle to access the specified control register. The
12-bit Rc field is the same as that used by the MOV EC instruction.

Command/Result Formats:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Command 0x2 0x9 0x8 0x0
0x0 0x0 0x0 0x0
0x0 Rc
Result D[31:16]
D[15:0]

Figure 5-36. RCREG Command/Result Formats

Rc encoding:
Table 5-19. Control Register Map
Rc Register Definition Rc Register Definition
0x002 | Cache control register (CACR) 0x805 | MAC mask register (MASK)*
0x004 | Access control register 0 (ACRO) 0x806 | MAC accumulator (ACC)!
0x005 | Access control register 1 (ACR1) O0x80E | Status register (SR)
0x801 | Vector base register (VBR) 0x80F | Program register (PC)
0x804 | MAC status register (MACSR)! 0xC04 | RAM base address register (RAMBAR)

1 Available if the optional MAC unit is present.

Command Sequence:

RCREG COTVE?FQDOL ‘ O x N J
“NOT READY “NOT READY REGISTER CNOT READYY/

/ NEXT CMD \
\LS RESULT /

> NEXTCMD Y\
\__BERR__/ \UNOT READY./

Figure 5-37. RCREG Command Sequence

Operand Data: The only operand is the 32-bit Rc control register select field.

Result Data: Control register contents are returned as alongword,
most-significant word first. The implemented portion of registers
smaller than 32 bits is guaranteed correct; other bits are undefined.
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5.5.3.3.11 Write Control Register (WCREG)

The operand (longword) datais written to the specified control register. The write alters all
32 register bits.

Command/Result Formats:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Command 0x2 0x8 0x8 0x0
0x0 0x0 0x0 0x0
0x0 Rc
Result D[31:16]
D[15:0]

Figure 5-38. wcREG Command/Result Formats

Command Sequence:

WCREG MS ADDR MS ADDR
77 NOT READY, NOT READY)

MS DATA

WRITE
NOT READY REGISTER A NOT READY,
NEXT CMD
!CMD COMPLETE"

NEXT CMD
“NOT READY.

Figure 5-39. wcReG Command Sequence

Operand Data: Thisinstruction requirestwo longword operands. Thefirst selectsthe
register to which the operand datais to be written; the second
contains the data.

Result Data: Successful write operations return OxFFFF. Bus errors on the write
cycleareindicated by the setting of bit 16 in the status message and
by a data pattern of 0x0001.
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5.5.3.3.12 Read Debug Module Register (RDMREG)

Read the selected debug modul e register and return the 32-bit result. The only valid register
selection for the RDOMREG command is CSR (DRc = 0x00). Note that this read of the CSR
clearsthetrigger status bits (CSR[BSTAT]) if either alevel-2 breakpoint has been triggered
or alevel-1 breakpoint has been triggered and no level-2 breakpoint has been enabled.

Command/Result Formats:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Command 0x2 0xD oxat DRc
Result D[31:16]
D[15:0]

Figure 5-40. RDMREG BDM Command/Result Formats
1 Note 0x4 is a 3-bit field

Table 5-20 shows the definition of DRc encoding.
Table 5-20. Definition of DRc Encoding—Read

DRc[4:0] Debug Register Definition Mnemonic Initial State Page
0x00 Configuration/Status CSR 0x0 p. 5-10
0x01-0x1F Reserved — — —

Command Sequence:

RDMREG XXX NEXT CMD
\WS RESULT/ LSRESULT

N4 XXX N (NEXT CMD \
\ILLEGAL" / ’\"NOT READY./

Figure 5-41. RDMREG Command Sequence

Operand Data: None

Result Data: The contents of the selected debug register are returned as a
longword value. The datais returned most-significant word first.
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5.5.3.3.13 Write Debug Module Register (WDMREG)

The operand (longword) data is written to the specified debug module register. All 32 bits
of the register are atered by the write. DSCLK must be inactive while the debug module
register writes from the CPU accesses are performed using the WDEBUG instruction.
Command Format:

Figure 5-42. wbMREG BDM Command Format

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0x2 0xC oxat DRc
D[31:16]
D[15:0]

1 Note: 0x4 is a three-bit field

Table 5-3 shows the definition of the DRc write encoding.

Command Sequence:

/~  WDMREG /~ MSDATA\ /LSDATA YN _ / NEXTCMD
. 72? /7~ \WoTREADY/ ~ \WOTREADY/ ~ \_CMD COMPLETE"/

v XXX\ / NEXT CMD
T\UILLEGAL/ ~ \OT READYY/

Figure 5-43. wbMREG Command Sequence

Operand Data: Longword datais written into the specified debug register. The data
is supplied most-significant word first.

Result Data: Command compl ete status (OxFFFF) isreturned when register write
iscomplete.

5.6 Real-Time Debug Support

The ColdFire Family provides support debugging real-time applications. For these types of
embedded systems, the processor must continue to operate during debug. The foundation
of this area of debug support is that while the processor cannot be halted to allow
debugging, the system can generally tolerate small intrusions into the real-time operation.

The debug module provides three types of breakpoints—PC with mask, operand address
range, and data with mask. These breakpoints can be configured into one- or two-level
triggers with the exact trigger response also programmable. The debug module
programming model can be written from either the external development system using the
debug serial interface or from the processor’s supervisor programming model using the
WDEBUG instruction. Only CSR is readable using the external development system.
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5.6.1 Theory of Operation

Breakpoint hardware can be configured to respond to triggersin several ways. The response
desired is programmed into TDR. As shown in Table 5-21, when a breakpoint is triggered,
an indication (CSR[BSTAT]) is provided on the DDATA output port when it is not
displaying captured processor status, operands, or branch addresses.

Table 5-21. DDATA[3:0]/CSR[BSTAT] Breakpoint Response

DDATA[3:0]/CSR[BSTAT] * Breakpoint Status
0000/0000 No breakpoints enabled
0010/0001 Waiting for level-1 breakpoint
0100/0010 Level-1 breakpoint triggered
1010/0101 Waiting for level-2 breakpoint
1100/0110 Level-2 breakpoint triggered

1 Encodings not shown are reserved for future use.

The breakpoint status is al'so posted in CSR. Note that CSR[BSTAT] is cleared by a CSR
read when either alevel-2 breakpoint istriggered or alevel-1 breakpoint istriggered and a
level-2 breakpoint is not enabled. Statusis also cleared by writing to TDR.

BDM instructions use the appropriate registers to load and configure breakpoints. As the
system operates, a breakpoint trigger generates the response defined in TDR.

PC breakpoints are treated in a precise manner—exception recognition and processing are
initiated before the excepting instruction is executed. All other breakpoint events are
recognized on the processor’slocal bus, but are made pending to the processor and sampled
like other interrupt conditions. As aresult, these interrupts are imprecise.

In systems that tolerate the processor being halted, a BDM-entry can be used. With
TDR[TRC] = 01, a breakpoint trigger causes the core to halt (PST = OxF).

If the processor core cannot be halted, the debug interrupt can be used. With this
configuration, TDR[TRC] = 10, the breakpoint trigger becomes a debug interrupt to the
processor, which is treated higher than the nonmaskable level-7 interrupt request. As with
al interrupts, it is made pending until the processor reaches a sample point, which occurs
once per instruction. Again, the hardware forces the PC breakpoint to occur before the
targeted instruction executes. This is possible because the PC breakpoint is enabled when
interrupt sampling occurs. For address and data breakpoints, reporting is considered
imprecise because severa instructions may execute after the triggering address or data is
detected.

As soon as the debug interrupt is recognized, the processor aborts execution and initiates
exception processing. This event is signaled externally by the assertion of a unique PST
value (PST = 0xD) for multiple cycles. The core enters emulator mode when exception
processing begins. After the standard 8-byte exception stack is created, the processor
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fetches a unique exception vector, 12, from the vector table.

Execution continues at theinstruction address in the vector corresponding to the breakpoint
triggered. All interrupts are ignored while the processor is in emulator mode. The debug
interrupt handler can use supervisor instructions to save the necessary context such as the
state of all program-visible registersinto areserved memory area.

When debug interrupt operations complete, the RTE instruction executes and the processor
exits emulator mode. After the debug interrupt handler completes execution, the external
development system can use BDM commands to read the reserved memory locations.

The generation of another debug interrupt during the first instruction after the RTE exits
emulator mode is inhibited. This behavior is consistent with the existing logic involving
trace mode where the first instruction executes before another trace exception is generated.
Thus, al hardware breakpoints are disabled until the first instruction after the RTE
compl etes execution, regardless of the programmed trigger response.

5.6.1.1 Emulator Mode

Emulator mode is used to facilitate non-intrusive emulator functionality. This mode can be
entered in three different ways:

e Setting CSR[EMU] forces the processor into emulator mode. EMU is examined
only if RSTI is negated and the processor begins reset exception processing. It can
be set while the processor is halted before reset exception processing begins. See
Section 5.5.1, “CPU Halt”

* A debug interrupt always puts the processor in emulation mode when debug
interrupt exception processing begins.
» Setting CSR[TRC] forces the processor into emulation mode when trace exception
processing begins.
While operating in emulation mode, the processor exhibits the following properties:
« All interrupts are ignored, including level-7 interrupts.

* If CSR[MAP] = 1, al caching of memory and the SRAM module are disabled. All
memory accesses are forced into a specially mapped address space signaled by
TT =0x2, TM = 0x5 or 0x6. Thisincludes stack frame writes and the vector fetch
for the exception that forced entry into this mode.

The RTE instruction exits emulation mode. The processor status output port provides a
unique encoding for emulator mode entry (0xD) and exit (0x7).

5.6.2 Concurrent BDM and Processor Operation

The debug module supports concurrent operation of both the processor and most BDM
commands. BDM commands may be executed while the processor is running, except those
following operations that access processor/memory registers:
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¢ Read/write address and data registers

* Read/write control registers
For BDM commands that access memory, the debug modul e requests the processor’s local
bus. The processor responds by stalling the instruction fetch pipeline and waiting for

current bus activity to complete before freeing the local bus for the debug module to
perform its access. After the debug module bus cycle, the processor reclaims the bus.

Breakpoint registers must be carefully configured in a development system if the processor
is executing. The debug module contains no hardware interlocks, so TDR should be
disabled while breakpoint registers are loaded, after which TDR can be written to define the
exact trigger. This prevents spurious breakpoint triggers.

Because there are no hardware interlocksin the debug unit, no BDM operations are all owed
while the CPU iswriting the debug’s registers (DSCLK must be inactive).

5.7 Motorola-Recommended BDM Pinout
The ColdFire BDM connector, Figure 5-44, is a 26-pin Berg connector arranged 2 x 13.

Developer reserved 1 1 22— BKPT
GND 3 4 —> DSCLK
GND 5 6 *«—— Developer reserved 1
RESET -7 8§ ——> DSl
Pad-Voltage? 9 10 l«——  DSO
GND —11 12 |e——— PST3
PST2 —— 13 14 |——— PST1
PSTO ——» 15 16 [€«—— DDATA3
DDATA2 — 17 18 |«— DDATA1
DDATAO — 19 20 [e——— GND
Motorola reserved 21 22 Motorola reserved
GND 23 24 l——— CLK_CPU
Core-Voltage 25 26 ——> TA

1pins reserved for BDM developer use.
2supplied by target

Figure 5-44. Recommended BDM Connector

5.8 Processor Status, DDATA Definition

This section specifies the ColdFire processor and debug module's generation of the
processor status (PST) and debug data (DDATA) output on an instruction basis. In general,
the PST/DDATA output for an instruction is defined as follows:

PST = 0x1, { PST = [0x89B], DDATA= operand}
wherethe{...} definitionisoptional operand information defined by the setting of the CSR.
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The CSR provides capabilities to display operands based on reference type (read, write, or
both). Additionally, for certain change-of-flow branch instructions, another CSR field
provides the capability to display {0x2, 0x3, 0x4} bytes of the target instruction address.
For both situations, an optional PST value { 0x8, 0x9, 0xB} providesthe marker identifying
the size and presence of valid data on the DDATA outpult.

5.8.1 User Instruction Set

Table 5-22 shows the PST/DDATA specification for user-mode instructions. Rn represents
any {Dn, An} register. In this definition, the 'y’ suffix generally denotes the source and ‘X’
denotes the destination operand. For a given instruction, the optional operand data is
displayed only for those effective addresses referencing memory. The ‘DD’ nomenclature
refersto the DDATA outputs.

Table 5-22. PST/DDATA Specification for User-Mode Instructions

Instruction Operand Syntax PST/DDATA
add.| <ea>y,Rx PST = 0x1, {PST = 0xB, DD = source operand}
add.| Dy,<ea>x PST = 0x1, {PST = 0xB, DD = source}, {PST = 0xB, DD = destination}
addi.l #imm,Dx PST = 0x1
addaq.| #imm,<ea>x PST = 0x1, {PST = 0xB, DD = source}, {PST = 0xB, DD = destination}
addx.| Dy,Dx PST = 0x1
and.| <ea>y,Dx PST = 0x1, {PST = 0xB, DD = source operand}
and.| Dy,<ea>x PST = 0x1, {PST = 0xB, DD = source}, {PST = 0xB, DD = destination}
andi.l #imm,Dx PST = 0x1
asl.| {Dy,#imm},Dx PST = 0x1
asr.l {Dy,#imm},Dx PST = 0x1
bce.{b,w} if taken, then PST = 0x5, else PST = 0x1
bchg #imm,<ea>Xx PST = 0x1, {PST = 0x8, DD = source}, {PST = 0x8, DD = destination}
bchg Dy,<ea>x PST = 0x1, {PST = 0x8, DD = source}, {PST = 0x8, DD = destination}
bclr #imm,<ea>x PST = 0x1, {PST = 0x8, DD = source}, {PST = 0x8, DD = destination}
bclr Dy,<ea>x PST = 0x1, {PST = 0x8, DD = source}, {PST = 0x8, DD = destination}
bra.{b,w} PST = 0x5
bset #imm,<ea>x PST = 0x1, {PST = 0x8, DD = source}, {PST = 0x8, DD = destination}
bset Dy,<ea>x PST = 0x1, {PST = 0x8, DD = source}, {PST = 0x8, DD = destination}
bsr.{b,w} PST = 0x5, {PST = 0xB, DD = destination operand}
btst #imm,<ea>x PST = 0x1, {PST = 0x8, DD = source operand}
btst Dy,<ea>x PST = 0x1, {PST = 0x8, DD = source operand}
clr.b <ea>X PST = 0x1, {PST = 0x8, DD = destination operand}
clr.l <ea>x PST = 0x1, {PST = 0xB, DD = destination operand}
clr.w <ea>Xx PST = 0x1, {PST = 0x9, DD = destination operand}
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Table 5-22. PST/DDATA Specification for User-Mode Instructions (Continued)

Instruction Operand Syntax PST/DDATA
cmp.| <ea>y,Rx PST = 0x1, {PST = 0xB, DD = source operand}
cmpi.l #imm,Dx PST = 0x1
divs.I <ea>y,Dx PST = 0x1, {PST = 0xB, DD = source operand}
divs.w <ea>y,Dx PST = 0x1, {PST = 0x9, DD = source operand}
divu.l <ea>y,Dx PST = 0x1, {PST = 0xB, DD = source operand}
divu.w <ea>y,Dx PST = 0x1, {PST = 0x9, DD = source operand}
eor.| Dy,<ea>x PST = 0x1, {PST = 0xB, DD = source}, {PST = 0xB, DD = destination}
eori.l #imm,Dx PST = 0x1
ext. Dx PST = 0x1
ext.w Dx PST = 0x1
extb.| Dx PST = 0x1
jmp <ea>x PST = 0x5, {PST = [0x9AB], DD = target address}
jsr <ea>Xx PST = 0x5, {PST = [0x9AB], DD = target address},

{PST = 0xB , DD = destination operand}*

lea <ea>y,Ax PST = 0x1
link.w Ay,#imm PST = 0x1, {PST = 0xB, DD = destination operand}
Isl.I {Dy,#imm},Dx PST = 0x1
Isr.| {Dy,#imm},Dx PST = 0x1
mac.| PST = 0x1
mac.l Ry,Rx PST = 0x1
mac.! Ry,Rx,ea,Rw PST = 0x1, {PST = 0xB, DD = source operand}
mac.w PST = 0x1
mac.w Ry,Rx PST = 0x1
mac.w Ry,Rx,ea,Rw PST = 0x1, {PST = 0xB, DD = source operand}
move.b <ea>y,<ea>X PST = 0x1, {PST = 0x8, DD = source}, {PST = 0x8, DD = destination}
move.| <ea>y,<ea>Xx PST = 0x1, {PST = 0xB, DD = source}, {PST = 0xB, DD = destination}
move.l <ea>y,ACC PST = 0x1
move.l <ea>y,MACSR PST = 0x1
move.l <ea>y,MASK PST = 0x1
move.l ACC,Rx PST = 0x1
move.| MACSR,CCR PST = 0x1
move.| MACSR,Rx PST = 0x1
move.l MASK,Rx PST = 0x1
move.w <ea>y,<ea>X PST = 0x1, {PST = 0x9, DD = source}, {PST = 0x9, DD = destination}
move.w CCR,Dx PST = 0x1
move.w {Dy,#imm},CCR PST =0x1
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Table 5-22. PST/DDATA Specification for User-Mode Instructions (Continued)

Instruction Operand Syntax PST/DDATA
movem.| #list,<ea>x PST = 0x1, {PST = 0xB, DD = destination},... 2
movem.| <ea>y#list PST = 0x1, {PST = 0xB, DD = source},... 2
moveq #imm,Dx PST = 0x1
msac. Ry,Rx PST = 0x1
msac.| Ry,Rx,ea,Rw PST = 0x1, {PST = 0xB, DD = source}, {PST = 0xB, DD = destination}
msac.w Ry,Rx PST = 0x1
msac.w Ry,Rx,ea,Rw PST = 0x1, {PST = 0xB, DD = source}, {PST = 0xB, DD = destination}
muls.| <ea>y,Dx PST = 0x1, {PST = 0xB, DD = source operand}
muls.w <ea>y,Dx PST = 0x1, {PST = 0x9, DD = source operand}
mulu.l <ea>y,Dx PST = 0x1, {PST = 0xB, DD = source operand}
mulu.w <ea>y,Dx PST = 0x1, {PST = 0x9, DD = source operand}
neg.| Dx PST = 0x1
negx.| Dx PST = 0x1
nop PST = 0x1
not.| Dx PST = 0x1
or.l <ea>y,Dx PST = 0x1, {PST = 0xB, DD = source operand}
or.l Dy,<ea>x PST = 0x1, {PST = 0xB, DD = source}, {PST = 0xB, DD = destination}
ori.l #imm,Dx PST = 0x1
pea <ea>y PST = 0x1, {PST = 0xB, DD = destination operand}
pulse PST = 0x4
rems.| <ea>y,Dx:Dw PST = 0x1, {PST = 0xB, DD = source operand}
remu.| <ea>y,Dx:Dw PST = 0x1, {PST = 0xB, DD = source operand}
rts PST = 0x1, {PST = 0xB, DD = source operand},

PST = 0x5, {PST = [0x9AB], DD = target address}

scc Dx PST = 0x1
sub.l <ea>y,Rx PST = 0x1, {PST = 0xB, DD = source operand}
sub.l Dy,<ea>x PST = 0x1, {PST = 0xB, DD = source}, {PST = 0xB, DD = destination}
subi.l #imm,Dx PST = 0x1
subq.l #imm,<ea>x PST = 0x1, {PST = 0xB, DD = source}, {PST = 0xB, DD = destination}
subx.| Dy,Dx PST = 0x1
swap Dx PST = 0x1
trap #mm PST = 0x1 3
trapf PST = 0x1
tst.b <ea>Xx PST = 0x1, {PST = 0x8, DD = source operand}
tst.l <ea>x PST = 0x1, {PST = 0xB, DD = source operand}
tst.w <ea>x PST = 0x1, {PST = 0x9, DD = source operand}
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Table 5-22. PST/DDATA Specification for User-Mode Instructions (Continued)
Instruction Operand Syntax PST/DDATA

unlk Ax PST = 0x1, {PST = 0xB, DD = destination operand}

wddata.b <ea>y PST = 0x4, {PST = 0x8, DD = source operand

wddata.l <ea>y PST = 0x4, {PST = 0xB, DD = source operand

wddata.w <ea>y PST = 0x4, {PST = 0x9, DD = source operand

1 For JMP and JSR instructions, the optional target instruction address is displayed only for those effective
address fields defining variant addressing modes. This includes the following <ea>x values: (An), (d16,An),
(d8,An,Xi), (d8,PC,Xi).

2 For Move Multiple instructions (MOVEM), the processor automatically generates line-sized transfers if the
operand address reaches a 0-modulo-16 boundary and there are four or more registers to be transferred. For
these line-sized transfers, the operand data is never captured nor displayed, regardless of the CSR value.
The automatic line-sized burst transfers are provided to maximize performance during these sequential
memory access operations.

3 During normal exception processing, the PST output is driven to a 0xC indicating the exception processing
state. The exception stack write operands, as well as the vector read and target address of the exception
handler may also be displayed.

Exception Processing PST

PST
The PST/DDATA specification for the reset exception is shown below:

Exception Processing PST

PST

= 0xC, {PST

{PST
{PST

= 0x5, {PST

0xC,

0xB, DD = destination},// stack frame
0xB, DD = destination},// stack frame
0xB, DD = source},// vector read

[ OX9AB] ,

DD = target}// PC of handl er

0x5, { PST = [0x9AB], DD = target}// PC of handl er

The initial references at address O and 4 are never captured nor displayed since these
accesses are treated as instruction fetches.

For al types of exception processing, the PST = 0xC value is driven at al times, unlessthe
PST output is needed for one of the optional marker values or for the taken branch indicator

(0x5).

5.8.2 Supervisor Instruction Set

The supervisor instruction set has complete access to the user mode instructions plus the
opcodes shown below. The PST/DDATA specification for these opcodes is shown in

Table 5-23.
Table 5-23. PST/DDATA Specification for Supervisor-Mode Instructions
Instruction Operand Syntax PSTDDATA
cpushl PST = 0x1
halt PST = 0x1,
PST = OxF

move.w SR,Dx PST = 0x1

move.w {Dy,#imm},SR PST = 0x1, {PST =3}
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Table 5-23. PST/DDATA Specification for Supervisor-Mode Instructions

Instruction Operand Syntax PSTDDATA

movec Ry,Rc PST = 0x1

rte PST = 0x7, {PST = 0xB, DD = source operand}, {PST = 3}{ PST =0xB,
DD =source operand},
PST = 0x5, {[PST = 0x9AB], DD = target address}

stop #imm PST = 0x1,
PST = OxE
wdebug <ea>y PST = 0x1, {PST = 0xB, DD = source, PST = 0xB, DD = source}

The move-to-SR and RTE instructions include an optional PST = 0x3 value, indicating an
entry into user mode. Additionally, if the execution of a RTE instruction returns the
processor to emulator mode, a multiple-cycle status of OxD is signaled.

Similar to the exception processing mode, the stopped state (PST = OXE) and the halted
state (PST = OxF) display this status throughout the entire time the ColdFire processor isin
the given mode.
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Part Il
System Integration Module (SIM)

Intended Audience

Part 11 isintended for users who need to understand the interface between the ColdFire core
processor complex, described in Part |, and interna peripheral devices, described in
Part I11. 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 both on-chip and external peripherals, configuration and operation of chip
selects, and the SDRAM controller.

Contents

Part |1 contains the following chapters:

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 describesin detail the registers and signals that support the PLL
implementation.

Chapter 8, “12C Module,” describes the MCF5307 |2C module, including 12C
protocol, clock synchronization, and the registersin the 12C programing model. It
also provides extensive programming exampl es.

Chapter 9, “Interrupt Controller,” describes operation of the interrupt controller
portion of the SIM. Includes descriptions of the registersin 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
configuration and operation of the synchronous/asynchronous DRAM controller
component of the SIM. It begins with a general description and brief glossary, and
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includes a description of signalsinvolved in DRAM operations. The remainder of
the chapter is divided between descriptions of asynchronous and synchronous
operations.

Suggested Reading

The following literature may be helpful with respect to the topicsin Part I1:

« Thel?C Bus Specification, Version 2.1 (January 2000)

Acronyms and Abbreviations

Table 11-i contains acronyms and abbreviations are used in Part 11.

Table II-i. Acronyms and Abbreviated Terms

Term Meaning
ADC Analog-to-digital conversion
BDM Background debug mode
CODEC Code/decode
DAC Digital-to-analog conversion
DMA Direct memory access
DSP Digital signal processing
EDO Extended data output (DRAM)
FIFO First-in, first-out
GPIO
12c Inter-integrated circuit
IEEE Institute for Electrical and Electronics Engineers
IPL Interrupt priority level
JEDEC Joint Electron Device Engineering Council
LIFO Last-in, first-out
LRU Least recently used
LSB Least-significant byte
Isb Least-significant bit
MBAR Memory base address register
MSB Most-significant byte
msb Most-significant bit
Mux Multiplex
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Term Meaning
NOP No operation
PCLK Processor clock
PLL Phase-locked loop
POR Power-on reset
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 6

SIM Overview

This chapter provides detailed operation information regarding the system integration
module (SIM). It describes the SIM programming model, bus arbitration, and
system-protection functions for the MCF5307.

6.1 Features

The SIM, shown in Figure 6-1, provides overall control of the bus and serves as the
interface between the ColdFire core processor complex and theinternal peripheral devices.

BCLKO (to on-chip peripherals)

CLKIN 4 p|| —PCLK

V3 COLDFIRE PROCESSOR COMPLEX

RSTI—{ Xn | —RSTO
A A
Y
SYSTEM INTEGRATION MODULE (SIM)

PLL Control System Control Base Address Bus Master Park Parallel Port
PLL RSR SWIVR MBAR MPARK PAR
—/ L 1 [ 1 L 1 —// —//

SYPCR SWSR
— /)
DRAM Controller Chip Select Module External Interrupt Controller

DRAM Control

Bus Interface

— DMA

— Four
| Channels

Software
[ | Watchdog

12C Module

[ |Two UARTS|

Two

—{ General-

10ICRs  IRQPAR
DCR 8 8 8 —

— CSARs CSCRs CSMRs PR
Addr/Cntrl  Mask MR
DACRO/L  DMRO/L AR
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Figure 6-1. SIM Block Diagram
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Thefollowing isalist of the key SIM features:

6-2

Module base address register (MBAR)

— Base address location of all internal peripherals and SIM resources

— Address space masking to internal peripherals and SIM resources

Phase-locked loop (PLL) clock control register (PLLCR) for CPU STOP instruction
— Control for turning off clocksto core and interrupt level sthat turn clocks back on
Chapter 7, “Phase-Locked Loop (PLL).”

Interrupt controller

— Programmable interrupt level (1-7) for internal peripheral interrupts

— Programmable priority level (0-3) within each interrupt level

— Four external interrupts; one set to interrupt level 7; three others programmable
to two interrupt levels

See Chapter 9, “Interrupt Controller.”
Chip select module

— Eight independent, user-programmable chip-select signals (CS[7:0]) that can
interface with SRAM, PROM, EPROM, EEPROM, Flash, and peripherals

— Address masking for 64-Kbyte to 4-Gbyte memory block sizes

— Programmable wait states and port sizes

— External master access to chip selects

See Chapter 10, “ Chip-Select Module”

System protection and reset status

— Reset status indicating the cause of last reset

— Software watchdog timer with programmable secondary bus monitor
See Section 6.2.4, “ Software Watchdog Timer.”

Pin assignment register (PAR) configures the parallel port. See Section 6.2.9, “Pin
Assignment Register (PAR).”

Bus arbitration

— Default bus master park register (MPARK) controlsinternal and external bus
arbitration and enables display of internal accesses on the externa bus for
debugging

— Supports severa arbitration algorithms

See Section 6.2.10, “BusArbitration Control
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6.2 Programming Model

Programming Model

The following sections describe the registers incorporated into the SIM.

6.2.1 SIM Register Memory Map

Table 6-1 shows the memory map for the SIM registers. The internal registersin the SIM
are memory-mapped registers offset from the MBAR address pointer defined in
MBAR[BA]. This supervisor-level register is described in Section 6.2.2, “Module Base
Address Register (MBAR).” Because SIM registers depend on the base address defined in
MBAR[BA], MBAR must be programmed before SIM registers can be accessed.

NOTE:

Although external masters cannot access the MCF5307's
on-chip memories or MBAR, they can access any of the SIM
memory map and peripheral registers, such as those belonging
to the interrupt controller, chip-select module, UARTS, timers,

DMA, and 1C.
Table 6-1. SIM Registers
MBAR . . . .
Offset [31:24] [23:16] [15:8] [7:0]
0x000 Reset status register System protection Software watchdog Software watchdog
(RSR) [p. 6-5] control register interrupt vector register | service register (SWSR)
(SYPCR) [p. 6-8] (SWIVR) [p. 6-9] [p. 6-9]
0x004 Pin assignment register (PAR) [p. 6-10] Interrupt port Reserved
assignment register
(IRQPAR) [p. 9-7]
0x008 PLL control (PLLCR) Reserved
[p. 7-3]
0x00C Default bus master park Reserved
register (MPARK)
[p. 6-11]
0x010—- Reserved
0x03C
Interrupt Controller Registers [p. 9-2]
0x040 Interrupt pending register (IPR) [p. 9-6]
0x044 Interrupt mask register (IMR) [p. 9-6]
0x048 Reserved Autovector register

(AVR) [p. 9-5]

Interrupt Control Registers (ICRs) [p. 9-3]
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Table 6-1. SIM Registers (Continued)

gﬁ?g [31:24] [23:16] [15:8] [7:0]

0x04C Software watchdog Timer0 (ICR1) [p. 9-3] Timerl (ICR2) [p. 9-3] 12C (ICR3) [p. 9-3]
timer (ICRO) [p. 9-3]

0x050 UARTO (ICR4) [p. 9-3] | UART1 (ICR5) [p.9-3] | DMAO (ICRS) [p. 9-3] DMAL (ICR7) [p. 9-3]

0x054 DMA2 (ICR8) [p. 9-3] DMAS3 (ICR9) [p. 9-3] Reserved

6.2.2 Module Base Address Register (MBAR)

The supervisor-level MBAR, Figure 6-2, specifies the base address and allowable access
types for all interna peripherals. It is written with a MOVEC instruction using the CPU
address OxXCOF. (See the ColdFire Family Programmer’s Reference Manual.) MBAR can
be read or written through the debug module as a read/write register, as described in
Chapter 5, “Debug Support.” Only the debug module can read MBAR.

The valid bit, MBAR[V], is cleared at system reset to prevent incorrect references before
MBAR iswritten; other MBAR bitsareuninitialized at reset. To accessinternal peripherals,
write MBAR with the appropriate base address (BA) and set MBAR[V] after system reset.

All internal peripheral registers occupy a single rel ocatable memory block aong 4-Kbyte
boundaries. If MBAR[V] is set, MBAR[BA] is compared to the upper 20 bits of the full
32-hit internal address to determine if an internal peripheral is being accessed. MBAR
masks specific address spaces using the address space fields. Attempts to access a masked
address space generate an external bus access.
Addresses hitting overlapping memory spaces take the following priority:

1. MBAR

2. SRAM and caches

3. Chip select

NOTE:
The MBAR region must be mapped to non-cacheable space.

— Attribute Mask Bits———

31 1211109 8 7 6 5 4 3 2 1 0
Field BA ‘ — ‘WP‘—‘AM‘C/I‘SO‘SD‘UC‘UD \%
Reset Undefined
R/W W (supervisor only); R/W through debug module (only the debug module can read MBAR)

Address CPU + Ox0COF
Figure 6-2. Module Base Address Register (MBAR)
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Table 6-2 describes MBAR fields.
Table 6-2. MBAR Field Descriptions

Bits | Field Description

31-12 | BA | Base address. Defines the base address for a 4-Kbyte address range.

11-9 — | Reserved, should be cleared.

8 WP | Write protect. Mask bit for write cycles in the MBAR-mapped register address range.
0 Module address range is read/write.
1 Module address range is read only.

7 — | Reserved, should be cleared.

6 AM | Alternate master mask. When AM = 0 and an alternate master (external master or DMA) accesses
MBAR-mapped registers, MBAR[SC,SD,UC,UD] are ignored in address decoding. These fields
mask address space, placing the MBAR-mapped register in a specific address space or spaces.

5 C/l | Mask CPU space and interrupt acknowledge cycles.
0 Activates the corresponding MBAR-mapped register
1 Regular external bus access

SC | Setting masks supervisor code space in MBAR address range

SD | Setting masks supervisor data space in MBAR address range

UC | Setting masks user code space in MBAR address range

UD | Setting masks user data space in MBAR address range

Ol RPNl W| &

V | Valid. Determines whether MBAR settings are valid.
0 MBAR contents are invalid.
1 MBAR contents are valid.

Thefollowing example shows how to set the MBAR to location 0x1000_0000 using the DO
register. Setting MBAR[V] validates the MBAR location. This example assumes al
accesses are valid:

nove. 1 #0x10000001, DO
nmovec DO, MBAR

6.2.3 Reset Status Register (RSR)

The reset status register (RSR), Figure 6-3, contains two status bits, HRST and SWTR.
Reset control logic sets one of the bits depending on whether the last reset was caused by
an externa device asserting RSTI (HRST = 1) or by the software watchdog timer
(SWTR =1). Only one RSR bit can be set at any time. If areset occurs, reset control logic
sets only the bit that indicates the cause of reset.

7 6 5 4 0
Field| HRST — SWTR —
Reset| 1/0 0 1/0 0_0000
R/W Read/Write
Address MBAR + 0x000

Figure 6-3. Reset Status Register (RSR)
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Table 6-3 describes RSR fields.
Table 6-3. RSR Field Descriptions
Bits Name Description
7 HRST | Hardware or system reset

1 An external device driving RSTI caused the last reset. Assertion of reset by an external
device causes the core processor to take a reset exception. All registers in internal
peripherals and the SIM are reset.

6 — Reserved, should be cleared.

5 SWTR Software watchdog timer reset
1 The last reset was caused by the software watchdog timer. If SYPCR[SWRI] = 1 and the
software watchdog timer times out, a hardware reset occurs.

4-0 — Reserved, should be cleared.

6.2.4 Software Watchdog Timer

The software watchdog timer prevents system lockup should the software become trapped
in loops with no controlled exit. The software watchdog timer can be enabled or disabled
through SY PCR[SWE]. If enabled, the watchdog timer requires the periodic execution of
a software watchdog servicing sequence. If this periodic servicing action does not occur,
the timer times out, resulting in awatchdog timer IRQ or hardware reset with RSTO driven
low, as programmed by SY PCR[SWRI].

If the timer times out and the software watchdog transfer acknowledge enable bit
(SYPCR[SWTA]) isset, awatchdog timer TRQ is asserted. Note that the software watchdog
timer IACK cycle cannot be autovectored.

If a software watchdog timer IACK cycle has not occurred after another timeout, SWT TA
is asserted in an attempt to terminate the bus cycle and allow the IACK cycle to proceed.
The setting of SYPCR[SWTAVAL] indicates that the watchdog timer TA was asserted.
Figure 6-4 shows termination of alocked bus.
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Code in the watchdog timer interrupt

. . handler polls SYPCR[SWTAVAL] to
Code enables software watchdog timer interrupt and determine if SWT TA was needed. If so

WTA functionalit it YPCR.
S unS lonalfty by writing SYPC execute code to identify bad address.

<j_> Problem: — 3]
1. Watchdog timer times out due to unterminated bys

\\_> NOTE: The wa_tchdo% timer IRQ should
be set to the highestlevel in the system.

Software
watchdog >
timer IRQ Timeout

2. Watchdog timer interrupt cannot be serviced duelto hung bus
cycle. Wait for another timeout before setting SYPGR[SWTA].

\ 3. TA held until another

bus cycle starts

Software
watchdog >
timer TA Timeout

SYPCR[SWTAVAL] }

\
\*/H

L SWTAVAL is set if watchdog timer TA is asserted. Watchdog timer
IACK cycle

Figure 6-4. MCF5307 Embedded System Recovery from Unterminated Access

When the watchdog timer times out and SYPCR[SWRI] is programmed for a software
reset, an internal reset is asserted and RSR[SWTR] is set.

To prevent the watchdog timer from interrupting or resetting, the SWSR must be serviced
by performing the following sequence:

1. Write 0x55 to SWSR.
2. Write OXAA to the SWSR.

Both writes must occur in order before the timeout, but any number of instructions or
SWSR accesses can be executed between the two writes. This order allows interrupts and
exceptions to occur, if necessary, between the two writes.

Caution should be exercised when changing SYPCR values after the software watchdog
timer has been enabled with the setting of SYPCR[SWE], because it is difficult to
determine the state of the watchdog timer while it is running. The countdown value is
constantly compared with the timeout period specified by SYPCR[SWPSWT]. Therefore,
altering SWP and SWT improperly causes unpredictabl e processor behavior. Thefollowing
steps must be taken to change SWP or SWT:
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Disable the software watchdog timer by clearing SY PCR[SWE].
Reset the counter by writing 0x55 and then OXAA to SWSR.
Update SYPCR[SWT,SWP].
Reenable the watchdog timer by setting SY PCR[SWE]. This can be donein step 3.

AP wDdPE

6.2.5 System Protection Control Register (SYPCR)

The SYPCR, Figure 6-5, controls the software watchdog timer, timeout periods, and
software watchdog timer transfer acknowledge. The SYPCR can be read at any time, but
can be written only if a software watchdog timer TRQ is not pending. At system reset, the
software watchdog timer is disabled.

7 6 5 4 3 2 1 0

Field| SWE ‘ SWRI ‘ SWP ‘ SWT ‘ SWTA ‘ SWTAVAL‘ —
Reset 0000_0000
R/W R/W
Address MBAR + 0x01
Figure 6-5. System Protection Control Register (SYPCR)
Table 6-4 describes SY PCR fields.
Table 6-4. SYPCR Field Descriptions
Bits Name Description
7 SWE Software watchdog timer enable

0 Software watchdog timer disabled
1 Software watchdog timer enabled

6 SWRI Software watchdog reset/interrupt select

0 If a timeout occurs, the watchdog timer generates an interrupt to the core processor at the
level programmed into ICRO[IL].

1 The software watchdog timer causes soft reset to be asserted for all modules of the part
except for the PLL (reset mode selects, such as PP_RESET_SEL or chip-select settings,
should not change).

5 SWP Software watchdog prescaler. This bit interacts with SYPCR[SWT].
0 Software watchdog timer clock not prescaled.
1 Software watchdog timer clock prescaled by 8192.

4-3 SWT Software watchdog timing delay. SWT and SWP select the timeout period for the watchdog
timer. At system reset, the software watchdog timer is set to the minimum timeout period.

SWP =0 SWP=1

00 29/system frequency 00 2%%/system frequency
01 2/system frequency 01 2%%/system frequency
10 213/system frequency 10 2%5/system frequency
11 2%5/system frequency 11 2%8/system frequency

Note that if SWP and SWT are modified to select a new software timeout, the software service
sequence must be performed (0x55 followed by OxAA written to the SWSR) before the new
timeout period takes effect.
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Table 6-4. SYPCR Field Descriptions (Continued)

Bits Name Description

2 SWTA | Software watchdog transfer acknowledge enable

0 SWTA transfer acknowledge disabled

1 SWTA asserts transfer acknowledge enabled. After one timeout period of the unacknowledged
assertion of the software watchdog timer interrupt, the software watchdog transfer
acknowledge asserts, which allows the watchdog timer to terminate a bus cycle and allow the
IACK to occur.

1 SWTAVAL | Software watchdog transfer acknowledge valid
0 SWTA transfer acknowledge has not occurred.
1 SWTA transfer acknowledge has occurred. Write a 1 to clear this flag bit.

6.2.6 Software Watchdog Interrupt Vector Register (SWIVR)

The SWIVR, shown in Figure 6-6, contains the 8-bit interrupt vector (SWIV) that the SIM
returns during an interrupt-acknowledge cycle in response to a software watchdog
timer-generated interrupt. SWIVR is set to the uninitialized vector OXOF at system reset.

7 0
Field SWIV
Reset 0000_1111
RIW Supervisor write only
Address MBAR + 0x002

Figure 6-6. Software Watchdog Interrupt Vector Register (SWIVR)

Note that the software watchdog interrupt cannot be autovectored.

6.2.7 Software Watchdog Service Register (SWSR)

The SWSR, shown in Figure 6-7, iswhere the software watchdog timer servicing sequence
should bewritten. To prevent awatchdog timer timeout, the software service sequence must
be performed (0x55 followed by OXAA written to the SWSR). Both writes must be
performed in order before the timeout, but any number of instructions or accesses to the
SWSR can be executed between the two writes. If thetimer hastimed out, writing to SWSR
does not cancel the interrupt (that is, IPR[SWT] remains set). The interrupt is cancelled
(and SWT is cleared) automatically when the IACK cycleisrun.

7 0
Field SWSR
Reset Undetermined
R/W Supervisor write only
Address MBAR + 0x003

Figure 6-7. Software Watchdog Service Register (SWSR)
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6.2.8 PLL Clock Control for CPU STOP Instruction

The SIM contains the PLL clock control register, which is described in detail in

Section 7.2.4,

“PLL Control
significant to the operation of the SIM, and are described as follows:

Register (PLLCR).”

PLLCR[ENBSTOPRPLLIPL] are

PLLCR[ENBSTOP] must be set for the ColdFire CPU STOP instruction to be

acknowledged. Thisbit is cleared at reset and must be set for the MCF5307 to enter
low-power modes. The CPU STOP instruction stops only clocks to the core
processor. All internal modulesremain clocked and can generate interruptsto restart

the ColdFire core. For example, the on-chip timer can be used to interrupt the

processor after a given timer countdown.

PLLCR[PLLIPL] determines the minimum level at which an interrupt (decoded as
aninterrupt priority level or IPL) must occur to awakenthe PLL. The PLL thenturns

clocks back on to the core processor and interrupt exception processing takes place.

Table 6-5 describes PLLIPL settingsto be compared against theinterrupt rangesthat

awaken the core processor from a CPU STOP instruction.
Table 6-5. PLLIPL Settings

PLLIPL Description

000 Any interrupts can wake core
001 Interrupts 2—7

010 Interrupts 3-7

011 Interrupts 4-7

100 Interrupts 5-7

101 Interrupts 6-7

110 Interrupt 7 only

111

No interrupts can wake core

6.2.9 Pin Assignment Register (PAR)

The pin assignment register (PAR), Figure 6-8, allows the selection of pin assignments.

Field
PARN =0
PARN =1

Reset

R/IW

Address

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0

PAR15|PAR14|PAR13|PAR12|PAR11|PAR10|PAR9| PARS|PAR7| PAR6 | PARS |PAR4| PAR3 | PAR2 |PARZ|PARO
PP15 | PP14 | PP13 | PP12 | PP11 | PP10 | PP9 | PP8 | PP7 | PP6 | PP5 |PP4| PP3 | PP2 | PP1|PPO
A31 | A30 | A29 | A28 | A27 | A26 | A25 | A24 | TIP |DREQO|DREQZ| TM2| TM1 | TMO | TT1 | TTO

Determined by driving D4/ADDR_CONFIG with a 1 or 0 when RSTI negates. The system is configured as PP[15:0] if
D4 is low; otherwise alternate pin functions selected by PAR = 1 are used.

R/IW

Address MBAR + 0x004

6-10

Figure 6-8. Pin Assignment Register (PAR)
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6.2.10 Bus Arbitration Control

This section describes the bus arbitration register and the four arbitration schemes.

6.2.10.1 Default Bus Master Park Register (MPARK)

The MPARK, shown in Figure 6-9, determines the default bus master arbitration between
internal transfers (core and DMA module) and between internal and external transfers to
internal resources. This arbitration is needed because external masters can access internal
registers within the M CF5307 peripherals.

7 6 5 4 3 2 0
Field PARK ‘ IARBCTRL ‘EARBCTRL‘SHOWDATA‘ — BCR24BIT
Reset 0000_0000
R/W R/W
Address MBAR + 0x0C

Figure 6-9. Default Bus Master Register (MPARK)

Table 6-6 describes MPARK bits.
Table 6-6. MPARK Field Descriptions

Bits Name Description

7-6 PARK Park. Indicates the arbitration priority of internal transfers among MCF5307 resources.
00 Round-robin between DMA and ColdFire core

01 Park on master ColdFire core

10 Park on master DMA module

11 Park on current master

Use of this field is described in detail in Section 6.2.10.1.1, “Arbitration for Internally
Generated Transfers (MPARK[PARK])."

5 IARBCTRL | Internal bus arbitration control. Controls external device access to the MCF5307 internal bus.

0 Arbitration disabled (single-master system)

1 Arbitration enabled. IARBCTRL must be set if external masters are using internal
resources like the DRAM controller or chip selects.

Use of this bit depends on whether the system has single or multiple masters, as follows:

* In a single-master system, IARBCTRL should stay cleared, disabling internal arbitration
by external masters. In this scenario, MPARK[PARK] applies only to priority of internal
masters over one another. Note that the internal DMA (master 3) has priority over the
ColdFire core (master 2), if internal DMA bandwidth is at its maximum (BWC = 000).

« In multiple master systems that expect to use internal resources like the DRAM controller
or chip selects, internal arbitration should be enabled. The external master defaults to the
highest priority internal master anytime BG is negated.

4 EARBCTRL | External bus arbitration control. Enables internal register memory space to external bus
arbitration. Internal registers are those accessed at offsets to the MBAR. These include the
SIM, DMA, chip selects, timers, UARTS, 12C, and parallel port registers. These registers do
not include the MBAR; only the core can access the MBAR.

0 Arbitration disabled

1 Arbitration enabled

The use of this field is described in detail in Section 6.2.10.1.2, “Arbitration between Internal
and External Masters for Accessing Internal Resources.”
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Table 6-6. MPARK Field Descriptions (Continued)

Bits Name

Description

3 SHOWDATA

Enable internal register data bus to be driven on external bus. EARBCTRL must be set for
this function to work. Section 6.2.10.1.2, “Arbitration between Internal and External Masters
for Accessing Internal Resources,” describes the proper use of SHOWDATA.

0 Do not drive internal register data bus values to external bus.

1 Drive internal register data bus values to external bus.

2-1 —

Reserved, should be cleared.

0 BCR24BIT

Controls the BCR and address mapping for DMA. Allows the BCR to be used as a 24-bit
register. Chapter 12, “DMA Controller Module,” describes the BCRs.

0 DMA BCRs function as 16-bit counters.

1 DMA BCRs function as 24-bit counters.

6.2.10.1.1 Arbitration for Internally Generated Transfers (MPARK[PARK])

MPARK[PARK] prioritizes interna transfers, which can be initiated by the core and the
on-chip DMA module, which contains al four DMA channels. Priority among the four
DMA channels in the module is determined by the BWC bits in their respective DMA
control registers (see Chapter 12, “DMA Controller Modul€e”).

The four arbitration schemes for internally generated transfers are described as follows:

* Round-robin scheme (PARK = 00)—Figure 6-10 shows round-robin arbitration
between the core and DM A module. Bus mastership alternates between the core and
DMA module.

Internal Bus Mastership
(Alternates between Core and DMA Module)

DMA MODULE

CORE Channel 0
5th Channel 1

3rd 4th E Channel 2

Channel 3

2nd
1st

Figure 6-10. Round Robin Arbitration (PARK = 00)

The DMA module presents only the highest-priority DMA request, and bus
mastership alternates between the core and DMA channel aslong as both are
reguesting bus mastership. Section 12.5.4.1, “External Request and Acknowledge

Operation,”

includes atiming diagram showing alower-priority DMA transfer.

When the processor isinitialized, the core hasfirst priority. If DMA channels 0 and
1 (both set to BWC = 010) assert an internal busrequest during a core-generated bus
transfer, DMA channel 0 would gain bus mastership next. However, if the core
reguests the bus during this DMA transfer, bus mastership returnsto the core rather
than being granted to DMA channel 1.

6-12
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Notethat theinternal DM A hashigher priority than the coreif theinternal DMA has
its bandwidth BWC bits set to 000 (maximum bandwidth).

» Park on master core priority (PARK = 01)—The core retains bus mastership aslong
asit needsit. After it negatesitsinternal bus request, the core does not have to
rearbitrate for the bus unlessthe DMA module has requested the buswhen itisidle.
The DMA module can be granted bus mastership only when the coreis not asserting
its bus request. See Figure 6-11.

Core BR negated

Core BR negated
DMA module BR negated DMA module BR asserted

(/

DMA Module

Core BR asserted
DMA module BR negated/asserted

Figure 6-11. Park on Master Core Priority (PARK =01)

e Park on master DMA priority (PARK = 10)—The DMA module retains bus
mastership aslong asit needs it. After it negatesitsinterna bus request, the DMA
modul e does not have to rearbitrate for the bus unless the core has requested the bus
whenitisidle. The core can be granted bus mastership only when the DMA module
is not asserting its bus request. See Figure 6-12.

DMA module BR asserted —
Core BR negated/asserted DMA BR negated
Core BR negated
DMA Module

Core BR asserted
DMA module BR negated

Figure 6-12. Park on DMA Module Priority (PARK = 10)
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Park on current master priority (PARK = 11)—The current bus master retains
mastership as long as it needs the bus. The other device can become the bus master
only whenthebusisidle. For example, if the coreis bus master out of reset, it retains
mastership aslong asit needs the bus. It loses mastership only when it negatesits
bus request signal and the DMA assertsitsinternal bus request signal. At this point
the DMA moduleis the bus master, and retains bus mastership as long as it needs
the bus. See Figure 6-13.

Core BR negated DMA module BR asserted
DMA module BR negated Core BR negated

/
-

Core BR asserted
DMA module BR asserted

DMA module BR negated
Core BR negated

DMA Module

DMA module BR asserted

Core BR asserted Core BR asserted

DMA module BR negated

Figure 6-13. Park on Current Master Priority (PARK = 01)

6.2.10.1.2 Arbitration between Internal and External Masters for

Accessing Internal Resources

If an external device is programmed to access internal MCF5307 resources
(EARBCTRL = 1), the external device can gain bus mastership only when BG is negated.
This means neither the core nor the DMA controller can access the external bus until the
external device asserts BG. After the external master finishes its bus transfer and asserts
BG, the core has priority on the next available bus cycle regardiess of the value of PARK.
Thusif the core assertsitsinternal bus request on thisfirst bus cycle, it executesabus cycle
even if PARK indicates the DMA should have priority. Then, after the bus transfer, the
PARK scheme returns to programmed functioning and the DMA is given bus mastership.

6-14

NOTE:

In al arbitration modes, if BG is negated, the external master
interface has highest priority. In this case, the ColdFire core has
second-highest priority, until the internal bus grant is asserted.

In asingle-master system, the setting of EARBCTRL does not affect arbitration
performance. Typically, BG istied low and the M CF5307 always owns the external
bus and internal register transfers are already shown on the external bus. In asystem
where MCF5307 is the only master, this bit may remain cleared.

If the system needs external visibility of the data bus values during internal register
transfers for system debugging, both EARBCTRL and SHOWDATA must be set.

Note that when an internal register transfer is driven externally, TA becomes an
output, which is asserted (normally an input) to prevent external devices and
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memories from responding to internal register transfers that go to the external bus.
TheASsignal and all chip-select-related strobe signals are not asserted.

Do not immediately follow a cycle in which SHOWDATA is set with acycle using
fast termination.

* In multiple-master systems, disabling arbitration with EARBCTRL allows
performance improvement because internal register bus transfer cycles do not
interfere with the external bus.

Having internal transfers go external may affect performance in two ways.

— If theinternal device does not control the busimmediately, the core stallsuntil it
wins arbitration of the external bus.

— If the core wins arbitration instantly, it may kick the external master off of the
external bus unnecessarily for atransfer that did not need the external bus. For
debug, wherethis performance penalty isnot aconcern, setting EARBCTRL and
SHOWDATA provides external visibility of the internal bus cycles.
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Chapter 7
Phase-Locked Loop (PLL)

This chapter describes configuration and operation of the phase-locked loop (PLL) module.
It describes in detail the registers and signals that support the PLL implementation.

7.1 Overview

The basic features of the MCF5307 PLL implementation are as follows:

» ThePLL locksto the clock input (CLKIN) frequency. It provides a processor clock
(PCLK) that istwice the input clock frequency and a programmable system bus
clock output (BCLKO) that is 1/2, 1/3, or 1/4 the PCLK frequency.

« A buffered processor status clock (PSTCLK) is equal to the PCLK frequency, as
indicated in Figure 7-1. This signal is made available for system development.
The PLL module has the following three modes of operation:

* Reset mode—In reset mode, the core/bus frequency ratio and other configuration
information is sampled. At reset, the PLL asserts the reset out signal, RSTO.

» Norma mode—During normal operations, the divideratio is programmed at reset
and is clock-multiplied to provide a maximum frequency of 90 MHz

¢ Reduced-power mode—In reduced-power mode, the high-speed processor core
clocks are turned off without losing the register contents so that the system can be
reenabled by an unmasked interrupt or reset.

Figure 7-1 shows the frequency relationships of PLL module clock signals.

RSTO

PCLK

L> PSTCLK
Divide by 2,

BCLKO

PLL Divide
CLKIN CLKIN X 4 by 2 3,0r4

FREQ[L:0] 4‘

RSTI

DIVIDE[1:0]

Figure 7-1. PLL Module Block Diagram
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7.1.1 PLL:PCLK Ratios

The specifications for the clocksin the PLL module are summarized in Table O-1.
Table 0-1. PLL Clock Specifications

Symbol Description Frequency
— PLL lock time 2.2 mS with CLKIN running at 45 MHz
CLKIN Input clock 16.67 MHz—45 MHz
PCLK Internal processor clock | 33.34 MHz—90 MHz (CLKIN x 2)
PSTCLK Processor status clock | 33.34 MHz—90 MHz (CLKIN x 2)
BCLKO Output clock 16.67 MHz—45 MHz 11.11 MHz—30 MHz | 8.24 MHz—22.5 MHz
BCLKO/PCLK ratio 1/2 1/3 1/4

7.2 PLL Operation

The following sections provide detailed information about the three PLL modes.

7.2.1 Reset/Initialization

The PLL receives RSTI as an input directly from the pin. Additionally, signals are
multiplexed with D[3:0]/FREQ[1:0]:DIVIDE[1:0] while RSTI is asserted. These signals
are sampled during reset and registered by the PLL on the negation of RSTI to provide
initialization information. FREQ[1:0] and DIVIDE[1:0] are used by the PLL to select the
CLKIN frequency range and set the CLKIN/PCLK ratio, respectively.

7.2.2 Normal Mode

PCLK is divided to create the system bus clock, BCLKO. At reset, the logic level of
DIVIDE[1:0]/D[1:0] determines the BCLKO divisor. The bus clock can be 1/2, 1/3, or /4
of the PCLK frequency.

7.2.3 Reduced-Power Mode

The PCLK can be turned off in a predictable manner to conserve system power. To allow
fast restart of the MCF5307 processor core, the PLL continues to operate at the frequency
configured at reset. PCLK isdisabled using the CPU STOP instruction and resumes normal
operation on interrupt, as described in Section 7.2.4, “PLL Control Register (PLLCR).”
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7.2.4 PLL Control Register (PLLCR)
The PLL control register (PLLCR), Figure 7-2, provides control over the PLL.

7 6 5 4 3 2 1 0
Field| ENBSTOP ‘ PLLIPL ‘ —
Reset 0000_0000
R/W R/W
Address MBAR + 0x08

Figure 7-2. PLL Control Register (PLLCR)
Table 7-1 describes PLLCR hits.
Table 7-1. PLLCR Field Descriptions

Bit Name Description

7 ENBSTOP | Enable CPU STOP instruction. Must be set for the ColdFire CPU STOP instruction to be
acknowledged. Cleared at reset and must be subsequently set for the processor to enter
low-power modes. Only clocks to the core are turned off because of the CPU STOP instruction.
Internal modules remain clocked and can generate interrupts to restart the ColdFire core.

0 Disable CPU STOP

1 Enable CPU STOP; STOP instruction turns off clocks to the ColdFire core.

6-4 PLLIPL PLL interrupt priority level to wake up from CPU STOP. Determines the minimum level an
interrupt (decoded as an interrupt priority level) must be to waken the PLL. The PLL then turns
clocks back on to the core processor and interrupt exception processing occurs.

000 Any interrupts can wake core

001 Interrupts 2—7

010 Interrupts 3—7

011 Interrupts 4—7

100 Interrupts 5-7

101 Interrupts 6—7

110 Interrupt 7 only

111 No interrupts can wake core. Any reset, including a watchdog reset, can wake the core.
No PLL phase lock time is required.

3-0 — Reserved, should be cleared.

7.3 PLL Port List

Table 7-2 describes PLL module inputs.
Table 7-2. PLL Module Input Signals

Slgnal Description

CLKIN Input clock to the PLL. Input frequency must not be changed during operation. Changes are
recognized only at reset.

RSTI Active-low asynchronous input that, when asserted, indicates PLL is to enter reset mode. As long as
RSTl is asserted, the PLL is held in reset and does not begin to lock.
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Table 7-2. PLL Module Input Signals

Signal Description

FREQ[1:0] | Input bus indicating the CLKIN frequency range. FREQ[1:0] are multiplexed with D[3:2] and are
sampled while RSTI is asserted. FREQ[1:0] must be correctly set for proper operation. These signals
do not affect CLKIN frequency but are required to set up the analog PLL to handle the input clock
frequency.

00 16.6—27.999 MHz

01 28—38.999 MHz

10 39—45 MHz

11 Not used

DIVIDE[1:0] | The MCF5307 samples clock ratio encodings on the lower data bits of the bus to determine the
CLKIN-to-processor clock ratio. D[1:0]/DIVIDE[1:0] support the divide-ratio combinations.

00 1/4

01 Not used

10 1/2

11 1/3

Table 7-3 describes PLL module outputs.
Table 7-3. PLL Module Output Signals

Output Description

BCLKO This bus clock output provides a divided version of the processor clock frequency, determined by
DIVIDE[1:0].

PSTCLK Provides a buffered processor status clock at 2X the CLKIN frequency. PSTCLK is a delayed version of
PCLK. See Section 7.4.1, “PCLK, PSTCLK, and BCLKO," and Figure 7-1.

RSTO This output provides an external reset for peripheral devices.

7.4 Timing Relationships

The MCF5307 uses CLKIN and BCLKO, which is generated by the PLL and may be used
as the bus timing reference for external devices. The MCF5307 BCLKO frequency can be
1/2, 13, or 1/4 the processor clock. In this document, bus timings are referenced from
BCLKO. Furthermore, depending on the user configuration, the BCLKO-to-processor
clock ratio may differ from the CLKIN-to-processor clock ratio.

7.4.1 PCLK, PSTCLK, and BCLKO

Figure 7-3 shows the frequency relationships between PCLK, PSTCLK,CLKIN, and the
three possible versions of BCLKO. This figure does not show the skew between CLKIN
and PCLK, PSTCLK, and BCLKO. PSTCLK isequal to frequency of PCLK. Similarly, the
skew between PCLK and BCLKO is unspecified.
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I q | |

\ \ | \ \ \ \
PSTCLK | ‘ ‘ ‘ | | ‘

BCLKO (/3) m
\
BCLKO (/4) J \ \ \ / \ \I

CLKIN |

BCLKO (/2)

NOTE: The clock signals are shown with edges aligned to show frequency relationships only.
Actual signal edges have some skew between them.

Figure 7-3. CLKIN, PCLK, PSTCLK, and BCLKO Timing

7.4.2 RSTI Timing

Figure 7-4 shows PLL timing during reset. As shown, RSTI must be asserted for at least 80
CLKIN cyclesto give the MCF5307 time to begin itsinitialization sequence. At thistime,
the configuration pins should be asserted (D[3:2] for FREQ[1:0] and D[1:0] for
DIVIDE[1:0]), meeting the minimum setup and hold times to RSTI given in Chapter 20,
“Electrical Specifications.”

On therising edge of BCLKO before the rising edge of RSTI, the dataon D[7:0] is latched
and the PLL begins ramping to its final operating frequency. During this ramp and lock
time, BCLKO and PSTCLK are held low. The PLL locksin about 2.2 mS with a 45-MHz
CLKIN, at which time BCLKOand PSTCLK begin normal operation in the specified mode.
The PLL requires 100,000 CLKIN cycles to guarantee PLL lock. To alow for reset of
external peripherals requiring a clock source, RSTO remains asserted for a number of
BCLKO cycles, as shown in Figure 7-4.
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Figure 7-4. Reset and Initialization Timing

7.5 PLL Power Supply Filter Circuit

To ensure PLL stability, the power supply to the PLL power pin should be filtered using a
circuit similar to the onein Figure 7-5. The circuit should be placed as close as possible to
the PLL power pin to ensure maximum noise filtering.

10Q

Vdd © i

i O PLL power pin

Figure 7-5. PLL Power Supply Filter Circuit
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Chapter 8
1°C Module

This chapter describes the MCF5307 12C module, including 1°C protocol, clock
synchronization, and the registers in the 1°C programing model. It also provides extensive
programming exampl es.

8.1 Overview

12C is a two-wire, bidirectional serial bus that provides a simple, efficient method of data
exchange, minimizing the interconnection between devices. This bus is suitable for
applications requiring occasional communications over a short distance between many
devices. Theflexible 12C allows additional devicesto be connected to the bus for expansion
and system development.

The 1°C system is a true multiple-master bus including arbitration and collision detection
that prevents data corruption if multiple devices attempt to control the bus simultaneously.
Thisfeature supports complex applications with multiprocessor control and can be used for
rapid testing and alignment of end products through external connections to an
assembly-line computer.

8.2 Interface Features
The 12C module has the following key features:

«  Compatibility with 12C bus standard

e Support for 3.3-V tolerant devices

e Multiple-master operation

» Software-programmable for one of 64 different serial clock frequencies

« Software-selectable acknowledge bit

* Interrupt-driven, byte-by-byte data transfer

« Arbitration-lost interrupt with automatic mode switching from master to slave
e Calling address identification interrupt

» Start and stop signal generation/detection

» Repeated START signal generation
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* Acknowledge bit generation/detection
* Bus-busy detection

Figure 8-1 isablock diagram of the 1°C module.
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Figure 8-1. 1°C Module Block Diagram

Figure 8-1 shows the relationships of the 1°C registers, listed below:
* 12C address register (IADR)
« 12C frequency divider register (IFDR)
« 12C control register (I12CR)
« 12C status register (12SR)
« 12C datal/O register (12DR)
These registers are described in Section 8.5, “ Programming Model
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8.3 1°C System Configuration

The I°C module uses aserial dataline (SDA) and aserial clock line (SCL) for datatransfer.
For 1°C compliance, all devices connected to these two signals must have open drain or
open collector outputs. (There is no such requirement for inputs.) The logic AND function
is exercised on both lines with external pull-up resistors.

Out of reset, the I%C default is as slave receiver. Thus, when not programmed to be a master
or responding to a slave transmit address, the I2C module should return to the default slave
receiver state. See Section 8.6.1, “Initialization Sequence,” for exceptions.

NOTE:

The 1°C module is designed to be compatible with the Philips
I°C bus protocol. For information on system configuration,

protocol, and restrictions, see The 1°C Bus Specification,
Version 2.1.

8.4 12C Protocol

Normally, a standard communication is composed of the following parts:

1. START signad—When no other device is bus master (both SCL and SDA lines are
at logic high), a device can initiate communication by sending a START signal (see
A in Figure 8-2). A START signal is defined as a high-to-low transition of SDA
while SCL is high. This signal denotes the beginning of a data transfer (each data
transfer can be several byteslong) and awakens all slaves.

B S S EEE— B Sy —
@ START Calling Address RIW ACK @ Data Byte No STOP
Signal © B|t@ A%Fft Signal

Figure 8-2. 1°C Standard Communication Protocol

2. Slave address transmission—The master sends the slave address in the first byte
after the START signal (B). After the seven-bit calling address, it sends the R/W bit
(C), which tells the dave data transfer direction.

Each slave must have aunique address. An 12C master must not transmit an address
that isthe same asits dave address; it cannot be master and dave at the sametime.
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The slave whose address matches that sent by the master pulls SDA low at the ninth
clock (D) to return an acknowledge bit.

3. Datatransfer—When successful slave addressing is achieved, the data transfer can
proceed (E) on abyte-by-byte basisin the direction specified by the R/W bit sent by
the calling master.

Data can be changed only while SCL islow and must be held stable while SCL is
high, as Figure 8-2 shows. SCL is pulsed once for each data bit, with the msb being
sent first. The receiving device must acknowledge each byte by pulling SDA low at
the ninth clock; therefore, a data byte transfer takes nine clock pulses.

If it does not acknowledge the master, the slave receiver must leave SDA high. The
master can then generate a STOP signal to abort the data transfer or generate a
START signal (repeated start, shown in Figure 8-3) to start anew calling sequence.

If the master receiver does not acknowledge the slave transmitter after abyte
transmission, it means end-of-data to the dave. The slave releases SDA for the
master to generate a STOP or START signal.

4. STOP signal—The master can terminate communication by generating a STOP
signal to free the bus. A STOP signal is defined as alow-to-high transition of SDA
while SCL isat logical high (F). Note that a master can generate a STOP even if the
slave has made an acknowledgment, at which point the slave must rel ease the bus.

Instead of signalling a STOPR, the master can repeat the START signal, followed by acalling
command, (A in Figure 8-3). A repeated START occurs when a START signal is generated
without first generating a STOP signal to end the communication.

| | | | | | | | |
| | | | | | | | | | | | | | | | | |
o [opodpodfoiosforfoiim|_[o] | [rpospodpofiorodoing
) A

START Calling Address R/W ACK Re;}eated New Calling Address RW No STOP
Signal Bit  START ACK  Signal
Signal @ Bit
Stop

Figure 8-3. Repeated START

The master uses a repeated START to communicate with another slave or with the same
save in adifferent mode (transmit/receive mode) without releasing the bus.

8.4.1 Arbitration Procedure

If multiple devices simultaneously request the bus, the bus clock is determined by a
synchronization procedure in which the low period equals the longest clock-low period
among the devices and the high period equals the shortest. A data arbitration procedure
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determines the relative priority of competing devices. A device loses arbitration if it sends
logic high while another sends logic low; it immediately switches to slave-receive mode
and stops driving SDA. In this case, the transition from master to slave mode does not
generate a STOP condition. Meanwhile, hardware sets 12SR[IAL] to indicate loss of
arbitration.

8.4.2 Clock Synchronization

Because wire-AND logic is used, a high-to-low transition on SCL affects devices
connected to the bus. Devices start counting their low period when the master drives SCL
low. When a device clock goes low, it holds SCL low until the clock high state is reached.
However, the low-to-high change in this device clock may not change the state of SCL if
another device clock is still in its low period. Therefore, the device with the longest low
period holdsthe synchronized clock SCL low. Deviceswith shorter low periods enter ahigh
wait state during this time (See Figure 8-4). When all devices involved have counted off
their low period, the synchronized clock SCL isreleased and pulled high. There is then no
difference between device clocks and the state of SCL, so all of the devices start counting
their high periods. Thefirst device to complete its high period pulls SCL low again.

I ' owait ! / Start counting high period
' ¥

(

I
I
I
\ I
I
I
!

o

1 Internal Counter Reset 1

Figure 8-4. Synchronized Clock SCL

8.4.3 Handshaking

The clock synchronization mechanism can be used as a handshake in data transfers. Slave
devices can hold SCL low after completing one byte transfer (9 bits). In such a case, the
clock mechanism halts the bus clock and forces the master clock into wait states until the
Slave releases SCL.

8.4.4 Clock Stretching

Slaves can use the clock synchronization mechanism to slow down the transfer bit rate.
After the master has driven SCL low, the slave can drive SCL low for the required period
and then release it. If the slave SCL low period is longer than the master SCL low period,
the resulting SCL bus signal low period is stretched.
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8.5 Programming Model
Table 8-1 lists the configuration registers used in the I%C interface.
Table 8-1. I°C Interface Memory Map

glf?sAeF: [31:24] [23:16] [15:8] [7:0]
0x280 | I2C address register (IADR) [p. 8-6] Reserved
0x284 | IC frequency divider register (IFDR) [p. 8-7] Reserved
0x288 | I2C control register (I2CR) [p. 8-8] Reserved
0x28C | I°C status register (I2SR) [p. 8-9] Reserved
0x290 | I?C data I/O register (I2DR) [p. 8-10] Reserved
NOTE:

External masters cannot access the MCF5307's on-chip
memories or MBAR, but can access any 12C module register.

8.5.1 I°C Address Register (IADR)

The IADR holds the address the 12C responds to when addressed as aslave. Note that it is
not the address sent on the bus during the address transfer.

7 6 5 4 3 2 1 0
Field ADR —
Reset 0000_0000
R/W Read/Write
Address MBAR + 0x280

Figure 8-5. 1°C Address Register (IADR)
Table 8-2 describes |ADR fields.
Table 8-2. 1°C Address Register Field Descriptions

Bits Name Description
7-1 ADR Slave address. Contains the specific slave address to be used by the 12C module. Slave mode is
the default I°C mode for an address match on the bus.
0 — Reserved, should be cleared.
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8.5.2 1°C Frequency Divider Register (IFDR)

The IFDR, Figure 8-6, provides a programmable prescaler to configure the clock for
bit-rate selection.

7 6 5 4 3 2 1 0
Field — IC
Reset 0000_0000
R/W Read/Write
Address MBAR + 0x284

Figure 8-6. 1°C Frequency Divider Register (IFDR)

Table 8-3 describes IFDR[IC].
Table 8-3. IFDR Field Descriptions

Bits | Name Description
7-6 | — Reserved, should be cleared.
5-0 [IC I2C clock rate. Prescales the clock for bit-rate selection. Due to potentially slow SCL and SDA rise and
fall times, bus signals are sampled at the prescaler frequency. The serial bit clock frequency is equal to
BCLKO divided by the divider shown below. Note that IC can be changed anywhere in a program.
IC Divider IC Divider IC Divider IC Divider
0x00 28 0x10 288 0x20 20 0x30 160
0x01 30 0x11 320 0x21 22 0x31 192
0x02 34 0x12 384 0x22 24 0x32 224
0x03 40 0x13 480 0x23 26 0x33 256
0x04 44 0x14 576 0x24 28 0x34 320
0x05 48 0x15 640 0x25 32 0x35 384
0x06 56 0x16 768 0x26 36 0x36 448
0x07 68 0x17 960 0x27 40 0x37 512
0x08 80 0x18 1152 0x28 48 0x38 640
0x09 88 0x19 1280 0x29 56 0x39 768
O0x0A 104 Ox1A 1536 0x2A 64 O0x3A 896
0x0B 128 0x1B 1920 0x2B 72 0x3B 1024
0x0C 144 0x1C 2304 0x2C 80 0x3C 1280
0x0D 160 0x1D 2560 0x2D 96 0x3D 1536
Ox0E 192 Ox1E 3072 Ox2E 112 Ox3E 1792
OxOF 240 Ox1F 3840 Ox2F 128 Ox3F 2048
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8.5.3 1°C Control Register (I2CR)

The 12CR is used to enable the 12C module and the 12C interrupt. It also contains bits that
govern operation as a slave or a master.

7 6 5 4 3 2 1 0
Field| 1EN ‘ IIEN ‘ MSTA‘ MTX ‘ TXAK ‘ RSTA‘ —

Reset 0000_0000
R/W Read/Write
Address MBAR + 0x288

Figure 8-7. I°C Control Register (I2CR)

Table 8-4 describes 12CR fields.

Table 8-4. 12CR Field Descriptions

Bits

Name

Description

IEN

I2C enable. Controls the software reset of the entire I°C module. If the module is enabled in the
middle of a byte transfer, slave mode ignores the current bus transfer and starts operating when the
next start condition is detected. Master mode is not aware that the bus is busy; so initiating a start
cycle may corrupt the current bus cycle, ultimately causing either the current master or the 12C
module to lose arbitration, after which bus operation returns to normal.

0 The module is disabled, but registers can still be accessed.

1 The I2C module is enabled. This bit must be set before any other I2CR bits have any effect.

IIEN

12C interrupt enable.
0 12C module interrupts are disabled, but currently pending interrupt condition are not cleared.
1 12C module interrupts are enabled. An 12C interrupt occurs if I2SR[IIF] is also set.

MSTA

Master/slave mode select bit. If the master loses arbitration, MSTA is cleared without generating a
STOP signal.

0 Slave mode. Changing MSTA from 1 to 0 generates a STOP and selects slave mode.

1 Master mode. Changing MSTA from 0 to 1 signals a START on the bus and selects master mode.

MTX

Transmit/receive mode select bit. Selects the direction of master and slave transfers.

0 Receive

1 Transmit. When a slave is addressed, software should set MTX according to I2SR[SRW]. In
master mode, MTX should be set according to the type of transfer required. Therefore, for address
cycles, MTX is always 1.

TXAK

Transmit acknowledge enable. Specifies the value driven onto SDA during acknowledge cycles for
both master and slave receivers. Note that writing TXAK applies only when the I2C bus is a receiver.
0 An acknowledge signal is sent to the bus at the ninth clock bit after receiving one byte of data.

1 No acknowledge signal response is sent (that is, acknowledge bit = 1).

RSTA

Repeat start. Always read as 0. Attempting a repeat start without bus mastership causes loss of
arbitration.

0 No repeat start

1 Generates a repeated START condition.

1-0

Reserved, should be cleared.
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8.5.4 1°C Status Register (I2SR)
This 12SR contains bits that indicate transaction direction and status.

7 6 5 4 3 2 1
Field ICF ‘ IAAS ‘ IBB ‘ IAL ‘ — ‘ SRW ‘ IIF ‘ RXAK
Reset 1000_0001
RIW R | rw | R | rRw | R
Address MBAR + 0x28C

Figure 8-8. I°CR Status Register (I12SR)

Table 8-5 describes 2SR fields.
Table 8-5. 12SR Field Descriptions

Bits | Name Description

7 ICF Data transferring bit. While one byte of data is transferred, ICF is cleared.
0 Transfer in progress
1 Transfer complete. Set by the falling edge of the ninth clock of a byte transfer.

6 IAAS | 12C addressed as a slave bit. The CPU is interrupted if I2CR[IIEN] is set. Next, the CPU must check

SRW and set its TX/RX mode accordingly. Writing to 12CR clears this bit.
0 Not addressed.

5 IBB 12C bus busy bit. Indicates the status of the bus.
0 Bus is idle. If a STOP signal is detected, IBB is cleared.
1 Bus is busy. When START is detected, IBB is set.

1 Addressed as a slave. Set when its own address (IADR) matches the calling address.

4 1AL Arbitration lost. Set by hardware in the following circumstances. (IAL must be cleared by software by

writing zero to it.)

cycle.
« A start cycle is attempted when the bus is busy.
« Arepeated start cycle is requested in slave mode.
« A stop condition is detected when the master did not request it.

3 — Reserved, should be cleared.

« SDA sampled low when the master drives high during an address or data-transmit cycle.
« SDA sampled low when the master drives high during the acknowledge bit of a data-receive

2 SRW | Slave read/write. When IAAS is set, SRW indicates the value of the R/W command bit of the calling

0 Slave receive, master writing to slave.
1 Slave transmit, master reading from slave.

1 IIF I2C interrupt. Must be cleared by software by writing a zero to it in the interrupt routine.
0 No I12C interrupt pending

the following occurs:
« Complete one byte transfer (set at the falling edge of the ninth clock)

« Arbitration lost

0 RXAK | Received acknowledge. The value of SDA during the acknowledge bit of a bus cycle.

1 No acknowledge signal was detected at the ninth clock.
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address sent from the master. SRW is valid only when a complete transfer has occurred, no other
transfers have been initiated, and the 1°C module is a slave and has an address match.

1 An interrupt is pending, which causes a processor interrupt request (if IEN = 1). Set when one of

« Reception of a calling address that matches its own specific address in slave-receive mode

0 An acknowledge signal was received after the completion of 8-bit data transmission on the bus
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8.5.5 1°C Data I/0 Register (I12DR)

In master-receive mode, reading the I12DR, Figure 8-9, allows aread to occur and initiates
next byte datareceiving. In slave mode, the same function is available after it is addressed.

7 6 5 4 3 2 1 0

Field D
Reset 0000_0000
R/IW Read/Write
Address MBAR + 0x290

Figure 8-9. 1°C Data I/0O Register (I2DR)

8.6 1°C Programming Examples

The following examples show programming for initialization, signalling START,
post-transfer software response, signalling STOP, and generating a repeated START.

8.6.1 Initialization Sequence

Before the interface can transfer serial data, registers must be initialized, as follows:

1. Set IFDRJIC] to obtain SCL frequency from the system bus clock. See
Section 8.5.2, “12C Frequency Divider Register (IFDR).”

2. Update the IADR to define its slave address.
3. Set I2CR[IEN] to enable the I%C businterface system.
4. Maodify the I2CR to select master/d ave mode, transmit/receive mode, and
interrupt-enable or not.
NOTE:

If IBSR[IBB] when the 1°C bus module is enabled, execute the
following code sequence before proceeding with normal
initialization code. This issues a STOP command to the slave
device, placingitinidlestate asif it werejust power-cycled on.

I 2CR = 0x0
| 2CR = OxA
dummy read of |2DR
I BSR = 0x0
I 2CR = 0x0

8.6.2 Generation of START

After completion of theinitialization procedure, serial data can be transmitted by selecting
the master transmitter mode. On a multiple-master bus system, IBSR[IBB] must be tested
to determine whether the serial busis free. If the busis free (IBB = 0), the START signal
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and the first byte (the dave address) can be sent. The data written to the data register
comprises the address of the desired slave and the Isb indicates the transfer direction.

The freetime between a STOP and the next START condition is built into the hardware that
generates the START cycle. Depending on therelative frequenues of the system clock and
the SCL period, it may be necessary to wait until the 1°C is busy after writing the calling
address to the 12DR before proceeding with the following instructions.

The following example signals START and transmits the first byte of data (slave address):

CHFLAG MOVE. B | 2SR, - (A0) ; Check | 2SR[ MBB]

BTST. B #5, (A0)+

BNE. S CHFLAG I f 12SRIMBB] = 1, wait until it is clear
TXSTART MOVE. B |1 2CR, - (A0) ; Set transnit node

BSET. B #4, ( AQ)

MOVE. B (AQ0) +, |12CR

MOVE. B |1 2CR, -(A0); Set master node
BSET. B #5, (AQ); Generate START condition
MOVE. B (A0)+, 12CR
MOVE. B CALLING - (AQ); Transmit the calling address, DO=R/' W
MOVE. B (A0) +, |2DR
| FREE MOVE. B | 2SR, - (A0) ; Check | 2SR] MBB]
If it is clear wait until it is set.
BTST. B #5, (AQ)+
BEQ S | FREE;

8.6.3 Post-Transfer Software Response

Sending or receiving a byte sets the |2SR[ICF], which indicates one byte communication
is finished. 12SR[IIF] is also set. An interrupt is generated if the interrupt function is
enabled during initialization by setting 12CR[IIEN]. Software must first clear IIF in the
interrupt routine. ICF is cleared either by reading from 12DR in receive mode or by writing
to 12DR in transmit mode.

Software can service the 12C 1/0 in the main program by monitoring IIF if the interrupt
function is disabled. Polling should monitor I1F rather than ICF because that operation is
different when arbitration is lost.

When an interrupt occurs at the end of the address cycle, the master is always in transmit
mode; that is, the address is sent. If master receive mode is required (I2DR[R/W],
I2CR[MTX] should be toggled.

During slave-mode address cycles (I2SR[IAAS] = 1), I2SR[SRW] is read to determine the
direction of the next transfer. MTX is programmed accordingly. For slave-mode data cycles
(IAAS = 0), SRW is invaid. MTX should be read to determine the current transfer
direction.

Thefollowing is an example of a software response by a master transmitter in the interrupt
routine (see Figure 8-10).
1 2SR LEA L 12SR -(A7); Load effective address

BCLR B #1, (A7)+;Cear the IIF flag
MOVE. B | 2CR, - (A7) ; Push the address on stack,
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BTST. B #5, (A7) +; check the MSTA fl ag

BEQ S SLAVE; Branch if slave node

MOVE. B | 2CR, - (A7) ; Push the address on stack

BTST. B #4, (A7) +; check the node flag

BEQ S RECEI VE; Branch if in receive node

MOVE. B | 2SR, - (A7) ; Push the address on stack,

BTST. B #0, (A7) +; check ACK from receiver

BNE. B END; I f no ACK, end of transm ssion
TRANSM TMOVE. B DATABUF, - (A7) ; Stack data byte

MOVE. B (A7) +, |2DR; Transmit next byte of data

8.6.4 Generation of STOP

A datatransfer ends when the master signals a STOP, which can occur after al datais sent,
asin the following example.

MASTX  MOVE. B | 2SR, -(A7);1f no ACK, branch to end
BTST. B #0, (A7) +
BNE. B END
MOVE. B TXCNT, DO; Get value fromthe transnmitting counter
BEQ S END; I f no nore data, branch to end
MOVE. B DATABUF, - (A7) ; Transnmit next byte of data
MOVE. B (A7) +, | 2DR
MOVE. B TXCNT, DO; Decr ease the TXCNT
SUBQ L #1, DO
MOVE. B DO, TXCNT
BRA. S EMASTX; Exi t
END LEA L 1 2CR -(A7); Generate a STOP condition
BCLR. B #5, (A7) +
EMASTX RTE; Return frominterrupt

For amaster receiver to terminate adatatransfer, it must inform the slave transmitter by not
acknowledging the last data byte. Thisis done by setting I2CR[TXAK] before reading the
next-to-last byte. Before the last byte is read, a STOP signal must be generated, as in the
following example.

MASR MOVE. B RXCNT, DO; Decr ease RXCNT
SUBQ L #1, DO
MOVE. B DO, RXCNT
BEQ S ENVASR, Last byte to be read
MOVE. B RXCNT, D1; Check second-to-last byte to be read
EXTB. L D1
SuBI . L #1, D1,
BNE. S NXMAR; Not | ast one or second | ast
LAMAR BSET. B #3, 1 2CR, Di sabl e ACK
BRA NXVAR

ENVASR BCLR. B #5, 1 2CR, Last one, generate STOP signal
NXMAR  MOVE. B | 2DR, RXBUF; Read data and store RTE

8.6.5 Generation of Repeated START

After the data transfer, if the master still wants the bus, it can signal another START
followed by another slave address without signalling a STOPR, asin the following example.

RESTART MOVE. B | 2CR, - (A7) ; Repeat START ( RESTART)
BSET. B #2, (A7)
MOVE. B (A7) +, |2CR
MOVE. B CALLI NG - (A7); Transnit the calling address, DO=R/ W
MOVE. B CALLI NG, - (A7) ;
MOVE. B (A7) +, |2DR
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8.6.6 Slave Mode

In the dlave interrupt service routine, the module addressed as slave bit (IAAS) should be
tested to check if acalling of itsown address hasjust been received. If IAASis set, software
should set the transmit/receive mode select bit (I2CR[M TX]) according to the |I2SR[SRW].
Writing to the I12CR clears the IAAS automatically. The only time IAASisread as set is
from the interrupt at the end of the address cycle where an address match occurred;
interrupts resulting from subsequent data transfers will have IAAS cleared. A data transfer
can now be initiated by writing information to 12DR for slave transmits, or read from |2DR
in slave-receive mode. A dummy read of 12DR in slave/receive mode releases SCL,
allowing the master to send data.

In the slave transmitter routine, I2SR[RXAK] must be tested before sending the next byte
of data. Setting RXAK means an end-of-data signal from the master receiver, after which
software must switch it from transmitter to receiver mode. Reading |2DR then rel eases SCL
so that the master can generate a STOP signal.

8.6.7 Arbitration Lost

If several devices try to engage the bus at the same time, one becomes master. Hardware
immediately switches devices that lose arbitration to slave receive mode. Data output to
SDA stops, but SCL is still generated until the end of the byte during which arbitration is
lost. An interrupt occurs at the falling edge of the ninth clock of this transfer with
I2SR[IAL] =1 and I2CR[MSTA] = 0.

If a device that is not a master tries to transmit or do a START, hardware inhibits the
transmission, clears MSTA without signalling a STOP, generates an interrupt to the CPU,
and sets IAL to indicate afailed attempt to engage the bus. When considering these cases,
the slave service routine should first test IAL and software should clear it if it is set.
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Figure 8-10. Flow-Chart of Typical 1°C Interrupt Routine
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Chapter 9
Interrupt Controller

This chapter describes the operation of the interrupt controller portion of the system
integration module (SIM). It includes descriptions of the registersin the interrupt controller
memory map and the interrupt priority scheme.

9.1 Overview
The SIM provides a centralized interrupt controller for all MCF5307 interrupt sources,
which consist of the following:

e External interrupts

» Software watchdog timer

e Timer modules

+ 12C module
 UART modules
« DMA module

Figure 9-1 isablock diagram of the interrupt controller.

System Integration Module (SIM) —  DMA
— Four
[ | Channels
Software
Interrupt Controller | Watchdog
12ICRs  IRQPAR —{12C Module
IPR <
L 1
IMR [ |Two UARTs
L 1
AVR
r 1 Two
— General-
% 4 — Purpose
Timers
IRQ[1,3,5,7]

Figure 9-1. Interrupt Controller Block Diagram
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The SIM provides the following registers for managing interrupts:

» Each potential interrupt source is assigned one of the 10 interrupt control registers
(ICRO-ICR9), which are used to prioritize the interrupt sources.

* Theinterrupt mask register (IMR) provides bits for masking individual interrupt
SOUrces.

» Theinterrupt pending register (IPR) provides bits for indicating when an interrupt
request is being made (regardless of whether it is masked in the IMR).

» Theautovector register (AVEC) controlswhether the SIM supplies an autovector or
executes an external interrupt acknowledge cycle for each IRQ.

* Theinterrupt port assignment register (IRQPAR) provides the level assignment of
the primary external interrupt pins—IRQ5, IRQ3, and IRQL.

9.2 Interrupt Controller Registers

Theinterrupt controller register portion of the SIM memory map is shown in Table 9-2.

Table 9-1. Interrupt Controller Registers

gﬁ?g [31:24] [23:16] [15:8] [7:0]
0x040 Interrupt pending register (IPR) [p. 9-6]
0x044 Interrupt mask register (IMR) [p. 9-6]
0x048 Reserved Autovector register
(AVR) [p. 9-5]
Interrupt Control Registers (ICRs) [p. 9-3]
0x04C Software watchdog Timer0 (ICR1) [p. 9-3] Timerl (ICR2) [p. 9-3] I°C (ICR3) [p. 9-3]
timer (ICRO) [p. 9-3]
0x050 UARTO (ICR4) [p. 9-3] | UART1 (ICR5) [p.9-3] | DMAO (ICRS) [p. 9-3] DMAL (ICR7) [p. 9-3]
0x054 DMA2 (ICR8) [p. 9-3] DMAS3 (ICR9) [p. 9-3] Reserved

Each internal interrupt source hasits own interrupt control register (ICR0- CR9), shownin
Table 9-2 and described in Section 9.2.1, “Interrupt Control Registers (ICR0O-ICR9).”

Table 9-2. Interrupt Control Registers

9-2

MBAR Offset | Register Name
0x04C ICRO Software watchdog timer
0x04D ICR1 Timer0
0x04E ICR2 Timerl
Ox04F ICR3 |I°C
0x050 ICR4 UARTO
0x051 ICR5 UART1
0x052 ICR6 DMAO
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Table 9-2. Interrupt Control Registers (Continued)

MBAR Offset | Register Name
0x053 ICR7 DMA1
0x054 ICR8 DMA2
0x055 ICR9 DMA3

Internal interrupts are programmed to a level and priority. Each internal interrupt has a
unique ICR. Each of the 7 interrupt levelshas 5 priorities, for atotal of 35 possible priority
levels, encompassing interna and external interrupts. The four external interrupt pins offer
seven possible settings at afixed interrupt level and priority.

The IRQPAR determines these settings for external interrupt request levels. External
interrupts can be programmed to supply an autovector or execute an externa interrupt
acknowledge cycle. Thisisdescribed in Section 9.2.2, “Autovector Register (AVR).”

9.2.1 Interrupt Control Registers (ICR0O-ICR9)

Theinterrupt control registers (ICR0-ICR9) provide bitsfor defining theinterrupt level and
priority for the interrupt source assigned to the ICR, shown in Table 9-2.

7 6 5 4 3 2 1 0
Field| AVEC — IL IP
Reset 0 — 0_00 00
R/W RIW

Address|  MBAR + 0x04C (ICRO); 0x04D (ICR1); 0X04E (ICR2); 0x04F (ICR3); 0x050 (ICR4); 0x051 (ICR5);
0x052 (ICR6); 0x053 (ICR7); 0x054 (ICR8); 0x055 (ICR9)

Figure 9-2. Interrupt Control Registers (ICR0O-ICR9)

Table 9-3 describes ICR fields.
Table 9-3. ICRn Field Descriptions

Bits | Field Description

7 AVEC | Autovector enable. Determines whether the interrupt-acknowledge cycle input (for the internal
interrupt level indicated in IL for each interrupt) requires an autovector response.

0 Interrupting source returns vector during interrupt-acknowledge cycle.

1 SIM generates autovector during interrupt acknowledge cycle.

6-5 | — Reserved, should be cleared.
4-2 |IL Interrupt level. Indicates the interrupt level assigned to each interrupt input. See Table 9-4.
10 |IP Interrupt priority. Indicates the interrupt priority for internal modules within the interrupt-level
assignment. See Table 9-4.
00 Lowest
01 Low
10 High
11 Highest
@> MOTOROLA Chapter 9. Interrupt Controller 9-3
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NOTE:

Assigning the same interrupt level and priority to multiple
I CRs causes unpredictable system behavior.

Table 9-4 shows possible priority schemes for internal and external sources of the
MCF5307. The internal module interrupt source in this table can be any internal interrupt
source programmed to the given level and priority.

This table shows how external interrupts are prioritized with respect to internal interrupt
sources within the same level. For example, UARTO and UART1 sources are programmed
tolL =110; inthiscase, UARTO isgiven lower priority than UART1, so ICR4[IP] =01 and
the ICR5[IP] = 10. IRQ3 is programmed to level 6. If all three assert an interrupt request at
the same time, they are serviced in the following order:

1. ICR5[IL] =110 and ICR5[IP] = 10, so UART1 is serviced first (priority 7 in
Table 9-4).

2. External interrupt IRQ3, set to level 6, is serviced next (priority 8).
3. ICR4[IL] =110 and ICR5[IP] = 01, so UARTO is serviced last (priority 9).
Table 9-4. Interrupt Priority Scheme

Priority Inlt_eervr‘tsjlpt R Interrupt Source IRQPAR[IRQPAR]
IL P
1 7 111 | 11 | Internal module XXX
2 111 | 10 XXX
3 XXX xx | External interrupt pin IRQ7 XXX
4 111 | 01 | Internal module XXX
5 111 | 00 XXX
6 6 110 | 11 | Internal module XXX
7 110 | 10 XXX
8 XXX xx | External interrupt pin IRQ3 (programmed as IRQ6) x1x
9 110 | 01 | Internal module XXX
10 110 | 00 XXX
11 5 101 | 11 | Internal module XXX
12 101 | 10 XXX
13 XXX xx | External interrupt pin IRQ5 0xx
14 101 | 01 | Internal module XXX
15 101 | 0O XXX
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Table 9-4. Interrupt Priority Scheme (Continued)

Interrupt Controller Registers

Priority Inlt_eervr‘tsjlpt R Interrupt Source IRQPAR[IRQPAR]
IL IP
16 4 100 | 11 | Internal module XXX
17 100 | 10 XXX
18 XXX xx | External interrupt pin IRQ5 (programmed as IRQ4) 1xx
19 100 | 01 | Internal module XXX
20 100 | 0O XXX
21 3 011 | 11 | Internal module XXX
22 011 | 10 XXX
23 XXX xx | External interrupt pin IRQ3 Xx0x
24 011 | 01 | Internal module XXX
25 011 | 00 XXX
26 2 010 | 11 | Internal module XXX
27 010 | 10 XXX
28 xxx | xx | External interrupt pin IRQ1 (programmed as IRQ2) xx1
29 010 | 01 | Internal module XXX
30 010 | 00 XXX
31 1 001 | 11 | Internal module XXX
32 001 | 10 XXX
33 xxx | xx | External interrupt pin IRQ1 xx0
34 001 | 01 | Internal module XXX
35 001 | 00 XXX

9.2.2 Autovector Register (AVR)

The autovector register (AVR), shown in Figure 9-3, enables external interrupt sources to
be autovectored, using the vector offset defined in Table 2-19 in Section 2.8, “Exception
Processing Overview.” Note that the autovector enablefor internal interrupt sources applies
for respective ICRs.

7 6 5 4 3 2 0
Field AVEC BLK
Reset 0000_0000
R/W R/W
Address MBAR + 0x04B

M) MmoTOorROLA
™
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Table 9-5 describes AVR fields.
Table 9-5. AVR Field Descriptions

Bit | Name Description

7-1 | AVEC | Autovector control. Determines whether the external interrupt at that level is autovectored.
0 Interrupting source returns vector during interrupt-acknowledge cycle.
1 SIM generates autovector during interrupt-acknowledge cycle.

0 BLK | Block address strobe (AS) for external AVEC access. Available for users who use AS as a global
chip select for peripherals and do not want to enable them during an AVEC cycle.

0 Do not block address strobe.

1 Block address strobe from asserting.

Table 9-6 showsthe correlation between AVR[AV EC] and the external interrupts. Note that
an AVECn bit is valid only when the corresponding external interrupt request level is
enabled in the IRQPAR.

Table 9-6. Autovector Register Bit Assignments

Autovector Interrupt Source Autovector Register Bit Location Vector Offset
External interrupt request 1 AVEC1 0x64
External interrupt request 2 AVEC2 0x68
External interrupt request 3 AVEC3 0x6C
External interrupt request 4 AVEC4 0x70
External interrupt request 5 AVEC5 0x74
External interrupt request 6 AVEC6 0x78
External interrupt request 7 AVEC7 0x7C

9.2.3 Interrupt Pending and Mask Registers (IPR and IMR)

The interrupt pending register (IPR), Figure 9-4, makes visible the interrupt sources that
have an interrupt pending. The interrupt mask register (IMR), also shown in Figure 9-4, is
used to mask the internal and external interrupt sources.

NOTE:

To mask interrupt sources, first set the core’s status register
interrupt mask level to that of the source being masked in the
IMR. Then, the IMR bit can be masked.

An interrupt is masked by setting, and enabled by clearing, the corresponding IMR bit.
When a masked interrupt occurs, the corresponding IPR bit is still set, but no interrupt
request is passed to the core.
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Field — DMA3 |DMA2
Reset - 1 1
R/IW Read-only (IPR); R/W (IMR)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Field DMAl‘DMAO‘UARTl‘UARTO 12C ‘TIMERZ‘TIMERl‘SWT EINT7‘EINT6‘EINT5‘EINT4 EINT3|EINT2|EINT1| —
Reset 1111 1111 1111 1 1 1 —
R/IW Read-only (IPR); R/W (IMR)
Addr MBAR + 0x040 (IPR); + 0x044 (IMR)

Figure 9-4. Interrupt Pending Register (IPR) and Interrupt Mask Register (IMR)

Table 9-7 describes |IPR and IMR fields.
Table 9-7. IPR and IMR Field Descriptions

Bits Name Description
31-18 — Reserved, should be cleared.
17-1 See | Interrupt pending/mask. Each bit corresponds to an interrupt source defined by the ICR. The

Figure | corresponding IMR bit determines whether an interrupt condition can generate an interrupt. At
9-4 | every clock, the IPR samples the signal generated by the interrupting source. The corresponding

IPR bit reflects the state of the interrupt signal even if the corresponding IMR bit is set.

0 The corresponding interrupt source is not masked (IMR) and has no interrupt pending (IPR).

1 The corresponding interrupt source is masked (IMR) and has an interrupt pending (IPR)

9.2.4 Interrupt Port Assignment Register (IRQPAR)

The interrupt port assignment register (IRQPAR), shown in Figure 9-5, provides the level
assignment of the primary external interrupt pins—IRQ5, IRQ3, and IRQL. The setting of
IRQPAR2- RQPARO determines the interrupt level of these external interrupt pins.

7 6 5 4 3 2 1 0
Field| IRQPAR2 ‘ IRQPAR1 ‘ IRQPARO ‘ —_

Reset 0000_0000
R/W R/W
Address MBAR + 0x06

Figure 9-5. Interrupt Port Assignment Register (IRQPAR)
Table 9-8 describes IRQPAR fields.
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Table 9-8. IRQPAR Field Descriptions

Bits Name Description

7-5 IRQPARN Configures the IRQ pin assignments and priorities
IRQPARN External Pin  IRQPARN =0 IRQPARN =1
IRQPAR2 IRQ5 Level 5 Level 4
IRQPAR1 IRQ3 Level 3 Level 6
IRQPARO IRQ1 Level 1 Level 2

4-0 — Reserved, should be cleared.
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Chapter 10
Chip-Select Module

This chapter describes the MCF5307 chip-select module, including the operation and
programming model of the chip-select registers, which include the chip-select address,
mask, and control registers.

10.1 Overview

The following list summarizes the key chip-select features:

 Eight independent, user-programmable chip-select signals (C[7:0]) that can
interface with SRAM, PROM, EPROM, EEPROM, Flash, and peripherals

e Address masking for 64-Kbyte to 4-Gbyte memory block sizes
* Programmable wait states and port sizes
» External master access to chip selects

10.2 Chip-Select Module Signals

Table 10-1 lists signals used by the chip-select module.
Table 10-1. Chip-Select Module Signals

Signal Description

Chip Selects | Each CSn can be independently programmed for an address location as well as for masking, port
(CS[7:0)) size, read/write burst-capability, wait-state generation, and internal/external termination. Only CS0
is initialized at reset when it acts as a global chip select that allows boot ROM to be at any defined
address space. Port size and termination (internal versus external) and byte enables for CS0 are
configured by the logic levels of D[7:5] when RSTI negates.

Output Interfaces to memory or to peripheral devices and enables a read transfer. It is asserted and
Enable (OE) | negated on the falling edge of the clock. OE is asserted only when one of the chip selects matches
for the current address decode.

Byte Enables/ | These multiplexed signals are individually programmed through the byte enable mode bit,

Byte Write CSCRnN[BEM], described in Section 10.4.1.3, “Chip-Select Control Registers (CSCRO-CSCR?7).”
Enables These generated signals provide byte data select signals, which are decoded from the transfer
(BE[3:0)/ size, A1, and AO signals in addition to the programmed port size and burstability of the memory
BWE[3:0]) accessed, as Table 10-2 shows.

Table 10-2 showstheinteraction of the byte enable/byte-write enableswith related signals.
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Table 10-2. Byte Enables/Byte Write Enable Signal Settings

BEO/BWEO | BE1/BWE1 | BE2/BWE2 | BE3/BWE3

>
[
>
o

Transfer Size | Port Size

D[31:24] | D[23:16] D[15:8] D[7:0]

Byte 8-bit

=
=
=

16-bit

32-bit

Word 8-bit

16-bit

32-bit

Longword 8-hit

16-bit

32-bit
Line 8-bit

16-bit

O| R ORI P OO O| P ORI P OO R O| kR Ol Pl O Ol PP O|O| Pl Ol Ol Pl KR OO
O| OOl RO OO 0|0 O|F| OO0 OO ROk Ol P O| | Ol Pl O| k| Ol Pl O| kO
o|lo|lo|o|lo|o|lo|o|o|o|o|o|o|o|r|l ool ool oo ok r kol ol ol ool oo
o|lo|o|lr|rl rlrl ol ol o|lr rlrlkrrolo o rl krlkrlr kRl kRl okl o krlokrlkrlkrlk
o|lr|r|rlr krlrlolr krlr R R R o kR R R R R R R RO R R R R R R R R R
o|lr|r|rlrkrlrlolr krlr R r R o kR kR R R R R RO R R R R R R R R PR

32-bit

10.3 Chip-Select Operation

Each chip select has a dedicated set of the following registersfor configuration and control.

e Chip-select address registers (CSARN) control the base address space of the chip
select. See Section 10.4.1.1, “ Chip-Select Address Registers (CSARO-CSAR7).”
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e Chip-select mask registers (CSMRn) provide 16-bit address masking and access
control. See Section 10.4.1.2, “ Chip-Select Mask Registers (CSMRO-CSMR7).”

» Chip-select control registers (CSCRn) provide port size and burst capability
indication, wait-state generation, and automatic acknowledge generation features.
See Section 10.4.1.3, “Chip-Select Control Registers (CSCRO-CSCRY7).”

Each CSn can assert during specific CPU space accesses such as interrupt-acknowledge
cyclesand each can be accessed by an external master. CS0isaglobal chip select after reset
and provides rel ocatable boot ROM capability.

10.3.1 General Chip-Select Operation

When abus cycleisinitiated, the M CF5307 first compares its address with the base address
and mask configurations programmed for chip selects 0—7 (configured in CSCRO-CSCRY7)
and DRAM block 0 and 1 address and control registers (configured in DACRO and
DACRY1). If the driven address matches a programmed chip select or DRAM block, the
appropriate chip select is asserted or the DRAM block is selected using the specifications
programmed in the respective configuration register. Otherwise, the following occurs:

e |f the address and attributes do not match in CSCR or DACR, the MCF5307 runsan
external burst-inhibited bus cycle with a default of external termination on a 32-bit
port.

» Should an address and attribute match in multiple CSCRs, the matching chip-select
signalsaredriven; however, the MCF5307 runs an external burst-inhibited buscycle
with external termination on a 32-bit port.

* Should an address and attribute match both DACRs or a DACR and a CSCR, the
operation is undefined.

Table 10-3 shows the type of access as afunction of match in the CSCRs and DACRs.

Table 10-3. Accesses by Matches in CSCRs and DACRs

Number of CSCR Matches Number of DACR Matches Type of Access
0 0 External
1 0 Defined by CSCR
Multiple 0 External, burst-inhibited, 32-bit
0 1 Defined by DACRs
1 1 Undefined
Multiple 1 Undefined
0 Multiple Undefined
1 Multiple Undefined
Multiple Multiple Undefined
(M) moToroLa Chapter 10. Chip-Select Module 10-3
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10.3.1.1 8-, 16-, and 32-Bit Port Sizing

Static bus sizing is programmable through the port size bits, CSCR[PS]. See
Section 10.4.1.3, “Chip-Select Control Registers (CSCRO—-CSCR7).” Figure 10-1 shows
the correspondence between data byte lanes and the external chip-select memory. Note that
all lanes are driven, although unused lines are undefined.

BEO BE1 BE2 BE3

c'i,ﬁ;g‘uas' | D[31:24] [ D[23:16] | D[15:8] | D[i:o] |

l Byte O I Byte 1 I Byte 2 I Byte 3 ‘

32-bit port
memory

16-bit port
Byte O Byte 1
memory Y Y Driven, undefined
Byte 2 Byte 3

'

Byte O
Byte 1
Byte 2
Byte 3

8-bit port
memory

Driven, undefined

Figure 10-1. Connections for External Memory Port Sizes

10.3.1.2 Global Chip-Select Operation

CS0, the global (boot) chip select, allows address decoding for boot ROM before system
initialization. Itsoperation differsfrom other external chip-select outputsafter system reset.

After system reset, CS0 is asserted for every external access. No other chip-select can be
used until the valid bit, CSMRO[V], is set, at which point CS0 functions as configured and
CY[7:1] can be used. At reset, the port size and automatic acknowledge functions of the
global chip-select are determined by the logic levels of theinputson D[7:5]. Table 10-4 and
Table 10-5list the various reset encodings for the configuration signals multiplexed with
D[7:5].

Table 10-4. D7/AA, Automatic Acknowledge of Boot CSO

D7/AA Boot CSO AA Configuration at Reset
0 Disabled
1 Enable with 15 wait states

Provided the required addressrangeisin the chip-sel ect addressregister (CSARO0), CS0 can
Table 10-5. D[6:5]/PS[1:0], Port Size of Boot CS0O

D[6:5]/PS[1:0] Boot CSO Port Size at Reset
00 32-bit port
01 8-bit port
1x 16-bit port
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be programmed to continue decoding for a range of addresses after the CSMRO[V] is set,
after which the global chip-select can be restored only by a system reset.

10.4 Chip-Select Registers

Table 10-6Table 10-6 is the chip-select register memory map. Reading reserved locations
returns zeros.

Table 10-6. Chip-Select Registers

'\éﬁ?g [31:24] [23:16] [15:8] [7:0]

0x080 Chip-select address register—bank 0 (CSARO) [p. 10-6] Reserved?!

0x084 Chip-select mask register—bank 0 (CSMRO) [p. 10-6]

0x088 Reserved® Chip-select control register—bank 0
(CSCRO) [p. 10-8]

0x08C Chip-select address register—bank 1 (CSAR1) [p. 10-6] Reserved!

0x090 Chip-select mask register—bank 1 (CSMR1) [p. 10-6]

0x094 Reserved?! Chip-select control register—bank 1
(CSCR1) [p. 10-8]

0x098 Chip-select address register—bank 2 (CSAR2) [p. 10-6] Reserved?

0x09C Chip-select mask register—bank 2 (CSMR2) [p. 10-6]

0x0A0 Reserved! Chip-select control register—bank 2
(CSCR2) [p. 10-8]

0x0A4 Chip-select address register—bank 3 (CSARS3) [p. 10-6] Reserved?!

0x0A8 Chip-select mask register—bank 3 (CSMR3) [p. 10-6]

0x0AC Reserved! Chip-select control register—bank 3
(CSCR3) [p. 10-8]

0x0BO Chip-select address register—bank 4 (CSARA4) [p. 10-6] Reserved!

0x0B4 Chip-select mask register—bank 4 (CSMR4) [p. 10-6]

0x0B8 Reserved?! Chip-select control register—bank 4
(CSCRA4) [p. 10-8]

0x0BC Chip-select address register—bank 5 (CSAR5) [p. 10-6] Reserved!

0x0CO0 Chip-select mask register—bank 5 (CSMRS5) [p. 10-6]

0x0C4 Reserved Chip-select control register—bank 5
(CSCR5) [p. 10-8]

0x0C8 Chip-select address register—bank 6 (CSAR6) [p. 10-6] Reserved?!

0x0CC Chip-select mask register—bank 6 (CSMR6) [p. 10-6]

0x0D0 Reserved? Chip-select control register—bank 6
(CSCRS) [p. 10-8]

0x0D4 Chip-select address register—bank 7 (CSARY) [p. 10-6] Reserved!
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Table 10-6. Chip-Select Registers (Continued)

MBAR X . . .

Offsot [31:24] [23:16] [15:8] [7:0]

0x0D8 Chip-select mask register—bank 7 (CSMR7) [p. 10-6]

0x0DC Reserved?! Chip-select control register—bank 7
(CSCRY7) [p. 10-8]

1 Addresses not assigned to a register and undefined register bits are reserved for expansion. Write accesses to
these reserved address spaces and reserved register bits have no effect.

NOTE:
External masters cannot access M CF5307 on-chip memoriesor

MBAR, but can access any of the chip-select module registers.
10.4.1 Chip-Select Module Registers

The chip-select module is programmed through the chip select address registers
(CSARO-CSARY), chip select mask registers (CSMRO-CSMR7), and the chip select
control registers (CSCRO-CSCRY7).

10.4.1.1 Chip-Select Address Registers (CSARO-CSAR7)
Chip select address registers, Figure 10-2, specify the chip select base addresses.

15 0
Field BA
Reset Uninitialized
R/IW R/IW

Addr|  0x080 (CSARO); 0x08C (CSARL); 0x098 (CSAR2); 0x0A4 (CSAR3);
0X0BO (CSARA4); 0XOBC (CSARS); 0XOC8 (CSARS); 0x0D4 (CSART)

Figure 10-2. Chip Select Address Registers (CSARO-CSARY7)
Table 10-7 describes CSAR[BA].
Table 10-7. CSARnN Field Description

Bits | Name Description

15-0 BA | Base address. Defines the base address for memory dedicated to chip select CS[7:0]. BA is compared
to bits 31-16 on the internal address bus to determine if chip-select memory is being accessed.

10.4.1.2 Chip-Select Mask Registers (CSMR0O-CSMR7)

The chip select mask registers, Figure 10-3, are used to specify the address mask and
alowable access types for the respective chip selects.
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31 16 15 9 8 7 6 5 4 3 2 1 0
Field BAM ‘ — ‘WP‘—‘AM‘C/I‘SC‘SD‘UC‘UD \Y
Reset Unitialized 0
R/IW R/W
Addr 0x084 (CSMRO); 0x090 (CSMR1); 0x09C (CSMR2); 0X0A8 (CSMR3);

0x0B4 (CSMR4); 0x0CO0 (CSMR5); 0x0CC (CSMR6); 0x0D8 (CSMR7)

Figure 10-3. Chip Select Mask Registers (CSMRn)

Table 10-8 describes CSMR fields.

Table 10-8. CSMRn Field Descriptions

Bits Name Description
31-16 | BAM | Base address mask. Defines the chip select block by masking address bits. Setting a BAM bit
causes the corresponding CSAR bit to be ignored in the decode.

0 Corresponding address bit is used in chip-select decode.

1 Corresponding address bit is a don't care in chip-select decode.

The block size for CS[7:0] is 2™; n = (number of bits set in respective CSMR[BAM]) + 16.

So, if CSARO = 0x0000 and CSMRO[BAM] = 0x0008, CSO0 would address two discontinuous

64-Kbyte memory blocks: one from 0x0000-0xFFFF and one from 0x8_0000-0x8_FFFF.

Likewise, for CSO0 to access 32 Mbytes of address space starting at location 0x0, CS1 must begin

at the next byte after CSO for a 16-Mbyte address space. Then CSARO = 0x0000,

CSMRO[BAM] = 0x01FF, CSAR1 = 0x0200, and CSMR1[BAM] = 0x00FF.

8 WP | Write protect. Controls write accesses to the address range in the corresponding CSAR.
Attempting to write to the range of addresses for which CSARNn[WP] = 1 results in the appropriate
chip select not being selected. No exception occurs.

0 Both read and write accesses are allowed.

1 Only read accesses are allowed.

7 — Reserved, should be cleared.

6 AM Alternate master. When AM = 0 during an external master or DMA access, SC, SD, UC, and UD
are don't cares in the chip-select decode.

5-1 C/l, | Address space mask bits. These bits determine whether the specified accesses can occur to the
SC, | address space defined by the BAM for this chip select.
D, .
SC’ C/l CPU space and interrupt acknowledge cycle mask
UD’ SC Supervisor code address space mask

SD Supervisor data address space mask

UC User code address space mask

UD User data address space mask

0 The address space assigned to this chip select. is available to the specified access type.

1 The address space assigned to this chip select. is not available (masked) to the specified access
type. If this address space is accessed, chip select is not activated and a regular external bus
cycle occurs.

Note that if if AM = 0, SC, SD, UC, and UD are ignored in the chip select decode on external

master or DMA access.

0 \% Valid bit. Indicates whether the corresponding CSAR, CSMR, and CSCR contents are valid.

Programmed chip selects do not assert until V is set (except for CS0, which acts as the global chip
select). Reset clears each CSMRn[V].

0 Chip select invalid

1 Chip select valid
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10.4.1.3 Chip-Select Control Registers (CSCR0-CSCR7)

Each chip-select control register, Figure 10-4, controls the auto acknowledge, external
master support, port size, burst capability, and activation of each chip select. Note that to
support the global chip select, CSO, the CSCRO reset values differ from the other CSCRs.
CS0 allows address decoding for boot ROM before system initialization.

15 14 13 10 9 8 7 6 5 4 3 2 0
Field — WS — | AA |PS1|PSO|BEM BSTR‘ BSTW‘ —
Reset: CSCRO — 11 11 — | D7 | D6 | D5 | — —
Reset: Other CSCRs Unitialized
R/W R/W
Address 0x08A (CSCRO0); 0x096 (CSCR1); 0x0A2 (CSCR2); OXOAE (CSCR3);
0XOBA (CSCR4); 0x0C6 (CSCRS5); 0x0D2 (CSCRS6); OXODE (CSCR?7)

Figure 10-4. Chip-Select Control Registers (CSCR0-CSCR?7)

Table 10-9 describes CSCRn fields.
Table 10-9. CSCRn Field Descriptions

Bits | Name Description

15-14 — Reserved, should be cleared.

13-10 | WS | Wait states. The number of wait states inserted before an internal transfer acknowledge is generated
(WS = 0 inserts zero wait states, WS = OxF inserts 15 wait states). If AA = 0, TA must be asserted by
the external system regardless of the number of wait states generated. In that case, the external
transfer acknowledge ends the cycle. An external TA supersedes the generation of an internal TA.

9 — Reserved, should be cleared.

8 AA | Auto-acknowledge enable. Determines the assertion of the internal transfer acknowledge for

accesses specified by the chip-select address.

0 No internal TA is asserted. Cycle is terminated externally.

1 Internal TA is asserted as specified by WS. Note that if AA = 1 for a corresponding CSn and the
external system asserts an external TA before the wait-state countdown asserts the internal TA, the
cycle is terminated. Burst cycles increment the address bus between each internal termination.

7-6 PS | Port size. Specifies the width of the data associated with each chip select. It determines where data
is driven during write cycles and where data is sampled during read cycles. See Section 10.3.1.1,
“8-, 16-, and 32-Bit Port Sizing.”

00 32-bit port size. Valid data sampled and driven on D[31:0]

01 8-bit port size. Valid data sampled and driven on D[31:24]

1x 16-bit port size. Valid data sampled and driven on D[31:16]

5 BEM | Byte enable mode. Specifies the byte enable operation. Certain SRAMs have byte enables that must
be asserted during reads as well as writes. BEM can be set in the relevant CSCR to provide the
appropriate mode of byte enable in support of these SRAMs.

0 Neither BE nor BWE is asserted for read. BWE is generated for data write only.

1 BE is asserted for read; BWE is asserted for write.

4 BSTR | Burst read enable. Specifies whether burst reads are used for memory associated with each CSn.

0 Data exceeding the specified port size is broken into individual, port-sized non-burst reads. For
example, a longword read from an 8-bit port is broken into four 8-bit reads.

1 Enables data burst reads larger than the specified port size, including longword reads from 8- and
16-bit ports, word reads from 8-bit ports, and line reads from 8-, 16-, and 32-bit ports.
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Table 10-9. CSCRn Field Descriptions

Bits | Name Description

3 BSTW | Burst write enable. Specifies whether burst writes are used for memory associated with each CSn.

0 Break data larger than the specified port size into individual port-sized, non-burst writes. For
example, a longword write to an 8-bit port takes four byte writes.

1 Enables burst write of data larger than the specified port size, including longword writes to 8 and
16-bit ports, word writes to 8-bit ports and line writes to 8-, 16-, and 32-bit ports.

2-0 — Reserved, should be cleared.

10.4.1.4 Code Example

The code bel ow provides an example of how to initialize the chip-selects. Only chip selects
0, 1, 2, and 3 are programmed here; chip selects 4, 5, 6, and 7 are left invalid. MBARX
defines the base of the module address space.

CSARO0 EQU MBARx+0x080 ; Chip sel ect
CSMRO EQU MBARx+0x084 ; Chi p sel ect
CSCRO EQU MBARXx+0x08A ; Chip sel ect

CSARL EQU MBARx+0x08C ; Chip sel ect
CSMR1 EQU MBARXx+0x090 ; Chip sel ect
CSCR1 EQU MBARx+0x096 ; Chip sel ect

CSAR2 EQU MBARx+0x098 ; Chi p sel ect
CSMR2 EQU MBARXx+0x09C ; Chip sel ect
CSCR2 EQU MBARx+0x0A2 ; Chip sel ect

CSAR3 EQU MBARXx+0x0A4  ; Chip sel ect
CSMR3 EQU MBARX+0x0A8 ; Chi p sel ect
CSCR3 EQU MBARX+0OX0AE ; Chip sel ect

CSAR4 EQU MBARXx+0x0BO ; Chip sel ect
CSAR4 EQU MBARx+0x0B4  ; Chip sel ect
CSMR4 EQU MBARX+0xOBA ; Chi p sel ect

CSAR5 EQU MBARX+0x0BC ; Chi p sel ect
CSMR5 EQU MBARX+0x0CO  ; Chip sel ect
CSCR5 EQU MBARx+0x0C6 ; Chip sel ect

CSAR6 EQU MBARx+0x0C8 ; Chip sel ect
CSMR6 EQU MBARXx+0xO0CC ; Chi p sel ect
CSCR6 EQU MBARx+0x0D2 ; Chip sel ect

CSAR7 EQU MBARXx+0x0D4 ; Chip sel ect
CSMR7 EQU MBARx+0x0D8 ; Chip sel ect
CSCR7 EQU MBARX+0xODE ; Chi p sel ect

address register
mask register
control register

address register
mask register
control register

address register
mask register
control register

address register
mask register
control register

address register
mask register
control register

address register
mask register
control register

address register
mask register
control register

address register
mask register
control register

N~N~N OO0 g AR D O WWW NNN RPRRER OO0

; Al other chip selects should be programred and nade valid before gl obal
; chip select is de-activated by validating CSO

; Program Chip Sel ect 3 Registers

nove. w #0x0040, DO ; CSAR3 base address 0x00400000

nove. w DO, CSAR3

nove. w #0x00A0, DO ;CSCR3 = no wait states, AA=0, PS=16-bit, BEM-1,

nove. w DO, CSCR3 ; BSTR=0, BSTW-0

nove. | #0x001F016B, D0 ; Address range from 0x00400000 to OxOO5FFFFF

nove. | DO, CSMR3 ; WP, EM T/ |, SD, UD, V=1; SC, UC=0

; Program Chip Sel ect 2 Registers

nove. w #0x0020, DO ; CSAR2 base address 0x00200000 (to OxOO3FFFFF)
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nove. w DO, CSAR2

nove. w #0x0538, DO ;CSCR2 = 1 wait state, AA=1, PS=32-bit, BEM-1,
nove. w DO, CSCR2 ; BSTR=1, BSTW1

nove.| #0x001F0001, DO ; Address range from 0x00200000 to OxO003FFFFF
nove. | DO, CSMR2 ; WP, EM T/ |, SC, SD, UC, UD=0; V=1

; Program Chip Select 1 Registers

nove. w #0x0000, DO ; CSAR1 base addresses 0x00000000 (to OxO001FFFFF)
nove. w DO, CSARL ;and 0x80000000 (to Ox801FFFFF)

nove. w #0x09BO0, DO ;CSCR1 = 2 wait states, AA=1, PS=16-bit, BEM1,
nove. w DO, CSCR1L ; BSTR=1, BSTW-0

nove.| #0x801F0001, DO ; Address range from 0x00000000 to Ox001FFFFF and
nove. | DO, CSMRL ; 0x80000000 to Ox801FFFFF

WP, EM C/I, SC, SD, UC, UD=0, V=1
; Program Chip Sel ect 0 Registers

nove. w #0x0080, DO ; CSAR0 base address 0x00800000 (to OxOO09FFFFF)
nmove. w DO, CSARO

nove. w #0x0D80, DO ;CSCRO = three wait states, AA=1, PS=16-bit, BEM-O,
nove. w DO, CSCRO ; BSTR=0, BSTW-0

; Program Chip Select 0 Mask Register (validate chip selects)

nove. | #0x001F0001, DO ; Address range from 0x00800000 to OxO009FFFFF
nove.| DO, CSMRO WP, EM T/ |, SC, SD, UC, UD=0; V=1
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Chapter 11
Synchronous/Asynchronous DRAM
Controller Module

This chapter describes configuration and operation of the synchronous/asynchronous
DRAM controller component of the system integration module (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 consists of the two following parts:

Section 11.3, “Asynchronous Operation,” describes the programming model and
signal timing for the four basic asynchronous modes.

— Non-page mode

— Burst page mode

— Continuous page mode
— Extended data-out mode

Section 11.4, “ Synchronous Operation,” describes the programming model and
signal timing, aswell asthe command set required for synchronous operations. This
section also includes extensive examples the designer can follow to better
understand how to configure the DRAM controller for synchronous operations.

11.1 Overview

The DRAM controller module provides glueless integration of DRAM with the ColdFire
product. The key features of the DRAM controller include the following:

Support for two independent blocks of DRAM

Interface to standard synchronous/asynchronous dynamic random access memory
(ADRAM/SDRAM) components

Programmable SRAS, SCAS, and refresh timing
Support for page mode
Support for 8-, 16-, and 32-bit wide DRAM blocks

Support for synchronous and asynchronous DRAMs, including EDO DRAM,
SDRAM, and fast page mode
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11.1.1 Definitions

The following terminology is used in this chapter:

* A/SDRAM block—Any group of DRAM memories selected by one of the
MCF5307 RAS[1:0] signals. Thus, the MCF5307 can support two independent
memory blocks. The base address of each block is programmed in the DRAM
address and control registers (DACRO and DACRL).

 SDRAM—RAMSsthat operate like asynchronous DRAMs but with a synchronous
clock, a pipelined, multiple-bank architecture, and faster speed.

* SDRAM bank—Aninternal partitioninan SDRAM device. For example, a64-Mbit
SDRAM component might be configured as four 512K x 32 banks. Banks are
selected through the SDRAM component’s bank select lines.

11.1.2 Block Diagram and Major Components

The basic components of the DRAM controller are shown in Figure 11-1.

DRAM Controller Module

A[31:0], Address

it 1t
Internal | Multiplexing | ABLO]
Bus ﬁ
\ . \
‘ > Pigzi? It > ControIdLogic \
| an . >
State Machine SR

\ > | RAS[LO]
| CAS[3:0]

Memory Block 0 Hit Logic ‘ DRAMW
\ ,.|DRAM Addre(sS/A%oF?Ct)r)ol Register 0 | SCAS 7] These signals
\ — DRAM Control | SRAS |are used for
‘ Register (DCR) | SCKE _|SDRAM only
\ - - 1 \

Memory Block 1 Hit Logic
| DRAM Address/Control Register 1 | Refresh Counter ‘
| —> (DACR1) o R |
\ 1 \
L — |

Figure 11-1. Asynchronous/Synchronous DRAM Controller Block Diagram

The DRAM controller’s major components, shown in Figure 11-1, are described as
follows:

 DRAM address and control registers (DACRO and DACR1)—The DRAM
controller consists of two configuration register units, one for each supported
memory block. DACRO is accessed at MBAR + 0x0108; DACR1 is accessed at
0x010. The register information is passed on to the hit logic.
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e Control logic and state machine—Generates all DRAM signals, taking bus cycle
characteristic data from the block logic, along with hit information to generate
DRAM accesses. Handles refresh requests from the refresh counter.

— DRAM control register (DCR)—Contains data to control refresh operation of

the DRAM controller. Both memory blocks are refreshed concurrently as
controlled by DCR[RC].

— Refresh counter—Determines when refresh should occur, determined by the
value of DCR[RC]. It generates arefresh request to the control block.
» Hit logic—Compares address and attribute signals of a current DRAM bus cycleto
both DACRsto determineif aDRAM block isbeing accessed. Hits are passed to the
control logic aong with characteristics of the bus cycle to be generated.

* Pagehit logic—Determinesif the next DRAM accessisin the same DRAM page as
the previous one. Thisinformation is passed on to the control logic.

* Address multiplexing—M ultiplexes addresses to allow column and row addresses
to share pins. This alows glueless interface to DRAMS.

11.2 DRAM Controller Operation

The DRAM controller mode is programmed through DCR[SO]. Asynchronous mode
(SO =0) includes support for page mode and EDO DRAMs. Synchronous mode is
designed to work with industry-standard SDRAMSs. These modes act very differently from
one another, especialy regarding the use of DRAM registers and pins. Memory blocks
cannot operate in different modes; both are either synchronous or asynchronous.

11.2.1 DRAM Controller Registers

The DRAM controller registersmemory map, Table 11-1, isthe same regardl ess of whether
asynchronous or synchronous DRAM is used, although bit configurations may vary.

Table 11-1. DRAM Controller Registers

MBAR
Offset [31:24] [23:16] [15:8] [7:0]
0x100 DRAM control register (DCR) [p. 11-4] Reserved
0x104 Reserved
0x108 DRAM address and control register 0 (DACRO) [p. 11-5]
0x10C DRAM mask register block 0 (DMRO) [p. 11-7]
0x110 DRAM address and control register 1 (DACR1) [p. 11-5]
0x114 DRAM mask register block 1 (DMR1) [p. 11-7]
NOTE:
External masters cannot access M CF5307 on-chip memoriesor
MBAR, but they can access DRAM controller registers.
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11.3 Asynchronous Operation

The DRAM controller supports asynchronous DRAMSs for cost-effective systems. Typical
access times for the DRAM controller interfacing to ADRAM are 4-3-3-3. The DRAM
controller supports the following four asynchronous modes:

« Non-page mode

* Burst page mode

» Continuous page mode

* Extended data-out mode
In asynchronous mode, RAS and CAS aways transition at the faling clock edge. As
summarized previously, operation and timing of each ADRAM block is controlled by
separate registers, but refresh is the same for both. All ADRAM accesses should be
terminated by the DRAM controller. There is no priority encoding between memory

blocks, so programming blocksto overlap with other blocks or with other internal resources
causes undefined behavior.

11.3.1 DRAM Controller Signals in Asynchronous Mode

Table 11-2 summarizes DRAM signals used in asynchronous mode.
Table 11-2. SDRAM Signal Summary

Signal Description

RAS[1:0] Row address strobes. Interface to RAS inputs on industry-standard ADRAMs. When SDRAMSs are used,
these signals interface to the chip-select lines within an SDRAM’s memory block. Thus, there is one RAS
line for each of the two blocks.

CAS[3:0] Column address strobes. Interface to CAS inputs on industry-standard DRAMs. These provide CAS for
a given ADRAM block. When SDRAMs are used, CAS[3:0] control the byte enables (DQMx) for standard
SDRAMs. CASJ3:0] strobes data in least-to-most significant byte order (CASO is MSB).

DRAMW DRAM read/write. Asserted when a DRAM write cycle is underway. Negated for read bus cycles.

11.3.2 Asynchronous Register Set

The following register configurations apply when DCR[SQ] is 0, indicating the DRAM
controller isinterfacing to asynchronous DRAMS.

11.3.2.1 DRAM Control Register (DCR) in Asynchronous Mode

The DCR provides programmabl e options for the refresh logic as well as the control bit to
determineif the moduleis operating with synchronous or asynchronous DRAMs. The DCR
isshown in Figure 11-2.

11-4 MCF5307 User’s Manual @) moToroLa

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



Freescale Semiconductor, Inc.
Asynchronous Operation

15 14 13 12 11 10 9 8 0
Field| SO | — ‘ NAM ‘ RRA ‘ RRP ‘ RC
Reset| 0 Uninitialized
R/IW R/IW
Address MBAR + 0x100

Figure 11-2. DRAM Control Register (DCR) (Asynchronous Mode)

Table 11-3 describes DCR fields.
Table 11-3. DCR Field Descriptions (Asynchronous Mode)

Bits | Name Description

15 SO | Synchronous operation. Selects synchronous or asynchronous mode. A DRAM controller in
synchronous mode can be switched to ADRAM mode only by resetting the MCF5307.

0 Asynchronous DRAMSs. Default at reset.

1 Synchronous DRAMs

14 — Reserved, should be cleared.

13 NAM | No address multiplexing. Some implementations require external multiplexing. For example, when
linear addressing is required, the DRAM should not multiplex addresses on DRAM accesses.

0 The DRAM controller multiplexes the external address bus to provide column addresses.

1 The DRAM controller does not multiplex the external address bus to provide column addresses.

12-11 | RRA | Refresh RAS asserted. Determines how long RAS is asserted during a refresh operation.
00 2 clocks
01 3 clocks
10 4 clocks
11 5 clocks

10-9 RRP | Refresh RAS precharge. Controls how many clocks RAS is precharged after a refresh operation
before accesses are allowed to DRAM.

00 1 clock

01 2 clocks

10 3 clocks

11 4 clocks

8-0 RC | Refresh count. Controls refresh frequency. The number of bus clocks between refresh cycles is
(RC + 1) * 16. Refresh can range from 16—-8192 bus clocks to accommodate both standard and
low-power DRAMs with bus clock operation from less than 2 MHz to greater than 50 MHz.

The following example calculates RC for an auto-refresh period for 4096 rows to receive 64 mS of
refresh every 15.625 ps for each row (625 bus clocks at 40 MHz).

# of bus clocks = 625 = (RC field + 1) * 16

RC = (625 bus clocks/16) -1 = 38.06, which rounds to 38; therefore, RC = 0x26.

11.3.2.2 DRAM Address and Control Registers (DACRO/DACR1)

DACRO and DACRL, Figure 11-3, contain the base address compare value and the control
bits for memory blocks 0 and 1. Address and timing are also controlled by these registers.
Memory areas defined for each block should not overlap; operation is undefined for
accesses in overlapping regions.
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31 18 17 16 15 14 13 12 11 10 9 8 7 6 5 43 2 10
Field BA ‘ — |RE —‘CAS‘ RP ‘RNCN ‘ RCD ‘—‘ EDO‘ PS ‘ PM ‘ —
Reset Unitialized 0 Unitialized
R/IW R/IW
Addr MBAR + 0x10C (DACRO); 0x110 (DACR1)

Figure 11-3. DRAM Address and Control Registers (DACR0O/DACR1)

Table 11-4 describes DACRn fields.
Table 11-4. DACRO/DACRL Field Description

Bits | Name Description

31-18 | BA | Base address. Used with DMR[BAM] to determine the address range in which the associated
DRAM block is located. Each BA bit is compared with the corresponding address of the bus cycle in
progress. If each bit matches, or if bits that do not match are masked in the BAM, the address
selects the associated DRAM block.

17-16 — Reserved, should be cleared.

15 RE | Refresh enable. Determines whether the DRAM controller generates a refresh to the associated
DRAM block. DRAM contents are not preserved during hard reset or software watchdog reset.
0 Do not refresh associated DRAM block. (Default at reset)

1 Refresh associated DRAM block.

14 — Reserved, should be cleared.

13-12 | CAS | CAS timing. Determines how long CAS is asserted during a DRAM access.
00 1 clock cycle

01 2 clock cycles

10 3 clock cycles

11 4 clock cycles

11-10 | RP | RAS precharge timing. Determines how long RAS is precharged between accesses. Note that RP
is different from DCR[RRP].

00 1 clock cycle

01 2 clock cycles

10 3 clock cycles

11 4 clock cycles

9 RNCN | RAS-negate-to-CAS-negate. Controls whether RAS and CAS negate concurrently or one clock
apart. RNCN is ignored if CAS is asserted for only one clock and both RAS and CAS are negated.
RNCN is used only for non-page-mode accesses and single accesses in page mode.

0 RAS negates concurrently with CAS.

1 RAS negates one clock before CAS.

8 RCD | RAS-to-CAS delay. Determines the number of system clocks between assertions of RAS and CAS.
0 1 clock cycle
1 2 clock cycles

7 — Reserved, should be cleared.

6 EDO | Extended data out. Determines whether the DRAM block operates in a mode to take advantage of
industry-standard EDO DRAMSs. Do not use EDO mode with non-EDO DRAM.

0 EDO operation disabled.

1 EDO operation enabled.
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Table 11-4. DACRO/DACRL Field Description (Continued)

Bits | Name Description

5-4 PS | Port size. Determines the port size of the associated DRAM block. For example, if two 16-bit wide
DRAM components form one DRAM block, the port size is 32 bits. Programming PS allows the
DRAM controller to execute dynamic bus sizing for associated accesses.

00 32-bit port

01 8-bit port

1x 16-bit port

3-2 PM | Page mode. Configures page-mode operation for the memory block.
00 No page mode

01 Burst page mode (page mode for bursts only)

10 Reserved

11 Continuous page mode

1-0 — Reserved, should be cleared.

11.3.2.3 DRAM Controller Mask Registers (DMR0O/DMR1)

The DRAM controller mask registers (DMRO and DMR1), shown in Figure 11-4, include
mask bits for the base address and for address attributes.

31 18 17 9 8 7 6 5 4 3 2 1 0
Field BAM ‘ — ‘WP‘— ‘C/I‘AM‘SC‘SD‘UC‘UD \%
Reset Uninitialized

R/W R/W

Addr MBAR + 0x10C (DMRO0), 0x114 (DMR1)

Figure 11-4. DRAM Controller Mask Registers (DMRO and DMR1)

Table 11-5 describes DMRn fields.
Table 11-5. DMRO/DMRL Field Descriptions

Bits Name Description

31-18 | BAM | Base address mask. Masks the associated DACRN[BA]. Lets the DRAM controller connect to various
DRAM sizes. Mask bits need not be contiguous (see Section 11.5, “SDRAM Example.”)

0 The associated address bit is used in decoding the DRAM hit to a memory block.

1 The associated address bit is not used in the DRAM hit decode.

17-9 — Reserved, should be cleared.

8 WP | Write protect. Determines whether the associated block of DRAM is write protected.

0 Allow write accesses

1 Ignore write accesses. The DRAM controller ignores write accesses to the memory block and an
address exception occurs. Write accesses to a write-protected DRAM region are compared in the
chip select module for a hit. If no hit occurs, an external bus cycle is generated. If this external bus
cycle is not acknowledged, an access exception occurs.

7 — Reserved, should be cleared.
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Table 11-5. DMRO/DMR1 Field Descriptions (Continued)

Bits | Name Description

6-1 AMx | Address modifier masks. Determine which accesses can occur in a given DRAM block.
0 Allow access type to hit in DRAM
1 Do not allow access type to hitin DRAM

Bit Associated Access Type Access Definition
C/I | CPU spacefinterrupt acknowledge | MOVEC instruction or interrupt acknowledge cycle
AM | Alternate master External or DMA master
SC | Supervisor code Any supervisor-only instruction access
SD | Supervisor data Any data fetched during the instruction access
UC | User code Any user instruction
UD | User data Any user data
0 \% Valid. Cleared at reset to ensure that the DRAM block is not erroneously decoded.

0 Do not decode DRAM accesses.
1 Registers controlling the DRAM block are initialized; DRAM accesses can be decoded.

11.3.3 General Asynchronous Operation Guidelines

The DRAM controller provides control for RAS, CAS, and DRAMW signals, as well as
address multiplexing and bus cycle termination. Whether the mode is synchronous or
asynchronous determines signal control and termination. To reduce complexity,
multiplexing is the same for both modes. Table 11-6 shows the scheme for DRAM
configurations. This scheme works for symmetric configurations (in which the number of
rows equals the number of columns) as well as asymmetric configurations (in which the
number of rows and columns are different).

Table 11-6. Generic Address Multiplexing Scheme

Address Pin | Row Address | Column Address Notes Relating to Port Sizes

17 17 0 8-bit port only

16 16 1 8- and 16-bit ports only

15 15 2

14 14 3

13 13 4

12 12 5

11 11 6

10 10 7

9 9 8

17 17 16 32-bit port only

18 18 17 16-bit port only or 32-bit port with only 8 column address lines

19 19 18 16-bit port only when at least 9 column address lines are used
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Table 11-6. Generic Address Multiplexing Scheme (Continued)

Address Pin | Row Address | Column Address Notes Relating to Port Sizes
20 20 19
21 21 20
22 22 21
23 23 22
24 24 23
25 25 24

Note the following:

Each MCF5307 address hit drives both arow address and a column address bit.

Asthe user upgrades ADRAM, corresponding MCF5307 address bits must be
connected. This multiplexing scheme allows various memory widths to be
connected to the address bus.

Some differences exist for each of the three possible port sizes. Note that only 8-bit
ports use an A0 address from the MCF5307. Because 16- and 32-hit portsissue
either words or longwords when accessed, they do not use the MCF5307 A0 signal.

Likewise, the configuration for 32-bit ports uses neither AO or A1. This presents a
slight problem because DRAM address signal AO isissued on physical pin A17 of
the MCF5307 along with the ADRAM address signal A17. Although AQ is not used
for larger ports, A17 is still needed. The MCF5307 DRAM controller provides for
this by changing the column address that appears on physical pin A17 of the
processor whenever an 8-bit port is not selected. Thisis determined by the
DACRN[PS] settings. For 8-bit ports, MCF5307 physical pin A17 driveslogical
address AO during the CAS cycle. When 16- or 32-hit port sizes are programmed,
the CAS cycle pin A17 driveslogical addressA16, asindicated in the generic
connection scheme.

If a32-bit port isused with only eight column addresslines, A18 must drive DRAM
address bit A18. Otherwise, in 32-bit port configurations, the MCF5307 physical
address line is not connected with more than eight column address lines.

All ADRAM blocks have afixed page size of 512 bytes for page-mode operation.
The addresses are connected differently for various width combinations.

Table 11-7, Table 11-8, and Table 11-9 show how 8-, 16-, and 32-bit symmetricall ADRAM
memories are connected to the address bus. The memory sizes show what DRAM sizeis
accessed if the corresponding bits are connected to the memory. In each case, thereisabase
memory size. This limitation exists to allow simple page-mode multiplexing. Notice aso
that MCF5307 pin 17 is treated differently in byte-wide operations. In byte-wide

operati

ons, address bits 16 and 17 are driven on MCF5307 physical address pins 16 and 17,

rather than the two bits being driven solely on A17, asthey are for 32-wide memories.
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Table 11-7. DRAM Addressing for Byte-Wide Memories

17 17 0 Base memory size of
16 16 1 256 Kbytes
15 15 2

14 14 3

13 13 4

12 12 5

11 11 6

10 10 7

9 9 8

19 19 18 1 Mbyte
21 21 20 4 Mbytes
23 23 22 16 Mbytes
25 25 24 64 Mbytes

Notethat in Table 11-8, MCF5307 pin A19 is not connected because DRAM address bit 18
isalready provided on MCF5307 pin A18; thus, the next MCF5307 pin used should be A20.

Table 11-8. DRAM Addressing for 16-Bit Wide Memories

16 16 1 Base memory size of
15 15 2 128 Kbytes
14 14 3

13 13 4

12 12 5

11 11 6

10 10 7

9 9 8

18 18 17 512 Kbytes
20 20 19 2 Mbytes
22 22 21 8 Mbytes
24 24 23 32 Mbytes
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Table 11-9. DRAM Addressing for 32-Bit Wide Memories

MCF5307_ Address MCF5307 Address Bit | MCF5307 Addr_ess Bit Driven Memory Size

Pin Driven for RAS when CAS is Asserted

15 15 2

14 14 3

13 13 4

12 12 5 Base Memory Size of
11 11 6 64 Kbytes
10 10 7

9 9 8

17 17 16 256 Kbytes
19 19 18 1 Mbyte
21 21 20 4 Mbytes
23 23 22 16 Mbytes
25 25 24 64 Mbytes

11.3.3.1 Non-Page-Mode Operation

In non-page mode, the simplest mode, the DRAM controller provides termination and runs
a separate bus cycle for each data transfer. Figure 11-5 shows a non-page-mode access in
which aDRAM read isfollowed by awrite. Addresses for anew bus cycle are driven at the
rising clock edge.

For a DRAM block hit, the associated RAS is driven at the next falling edge. Here
DACRN[RCD] = 0, so the address is multiplexed at the next rising edge to provide the
column address. The required CAS signals are then driven at the next falling edge and
remain asserted for the period programmed in DACRN[CAS]. Here, DACRN[RNCN] =1,
so it is precharged one clock before CASis negated. On aread, datais sampled on the last
rising edge of the clock that CASisvalid.

BCLKO ’ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 1
R |

A[31:0] D( Rowl Y T coumnl | 1) ; 'e ; ; ;

3 | 3 ‘ : ! 3 ! 3 | : | ‘ |

RAS[1Jor[0] | : | : | | |

\ | ¢ ‘ |

CAS[3.0] | \ | ‘ ‘

1 1 | DA Rn[C‘AS]:Ol] 1 | |

| | ‘ | ‘ ‘ ‘

DRAVW | | | | | | | ‘ ‘

o I R ‘ ‘ ‘ |

s Dt (T LT T

Figure 11-5. Basic Non-Page-Mode Operation RCD =0, RNCN = 1 (4-4-4-4)
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Figure 11-6 shows a variation of the basic cycle. In this case, RCD is 1, so there are two
clocks between RAS and CAS. Note that the address is multiplexed on the rising clock
immediately before CAS is asserted. Because RNCN = 0, RAS and CAS are negated
together. The next bus cycle is initiated, but because DACRN[RP] requires RAS to be
precharged for two clocks, RASis delayed for a clock in the bus cycle. Note that this does
not delay the address signals, only RAS.

BCLKO

‘
‘
Column|

‘ | ! ! | ! | ! | | ! |
Al31:0] D(;R‘bW; 1>< 1 ‘ R I
o | | Rrpio1 : 1 ; | ; ; o

BAE ‘ l l [ l l
RASIOrO - AL+ | | | o \ L | L ﬂ
| Rcpk1.: | \ RNCN=0| ' | | ]
CAS[3:0] 1 : 1 | L ocak=oy ! R IR ﬂ
l L L T |
—— | | | Ao I | I
DRAMW | /1| | | | A\ L | ]
[ \ L T [ \ o
. N L | /TN 0 \ 1
D[31:0] Y s S R N R S

Figure 11-6. Basic Non-Page-Mode Operation RCD =1, RNCN = 0 (5-5-5-5)

11.3.3.2 Burst Page-Mode Operation

Burst page-mode operation (DACRN[PM] = 01) optimizes memory accessesin page mode
by allowing a row address to remain registered in the DRAM while accessing data in
different columns. This eiminates the setup and hold times associated with the need to
precharge and assert RAS. Therefore, only the first bus cycle in the page takes the full
access time; subsequent accesses are streamlined. Single accesses look the same as
non-page-mode accesses.

Burst page-mode accesses of any size—byte, word, longword, or line—are assumed to
reside in the same page. In thismode, the DRAM controller generates a burst transfer only
when the operand is larger than the DRAM block port size (such as, a line transfer to a
32-bit port or a longword transfer to an 8-bit port). The primary cycle asserts RAS and
CAS, subsequent cycles assert only CAS. At the end of the access, RASis precharged. The
DRAM controller increments addresses between cycles.

Figure 11-7 shows aread accessin burst page mode. Four accesses take place, which could
be a 32-bit access to an 8-bit port or aline access to a 32-hit port. Other burst page-mode
operations may be from 2 to 16 accesses long, depending on the access and port sizes. In
those cases, timing is similar with more or fewer accesses.
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D[31:0] L/

Figure 11-8. Burst Page-Mode Write Operation (4-3-3-3)

11.3.3.3 Continuous Page Mode

Continuous page mode (DACRN[PM] = 11) is a type of page mode that balances
performance, complexity, and size. In typical page-mode implementations, sequential
addresses are checked for multiple hitsin aDRAM block. On a hit, RAS remains asserted
and CAS is asserted with the new column address. On a miss, RAS must be precharged
again before the bus cycle begins.

Continuous page mode supports page-mode operation without requiring an address holding
register per memory block and eliminates the delay for a miss-to-precharge RAS for the
upcoming bus cycle. Because theinternal MCF5307 address busis pipelined, addressesfor
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the next bus cycle are often availabl e before the current cycle completes. The two addresses
are compared at the end of the cycle to determine if the next address hits the same page. If
s0, RAS remains asserted. If not, or if no accessis pending, RAS is precharged before the
next bus cycle is active on the external bus. As a result, a page miss suffers no penalty.
Single accesses not followed by a hit in the page ook like non-page-mode accesses.

Figure 11-9 shows a write cycle followed by aread cycle in continuous page mode. The
read hitsin the same page as the write so RASis not negated before the second cycle. Note
that the row address does not appear on the pinsfor abus cyclethat hitsin the page. Column
addresses are immediately multiplexed onto the pins. The third bus cycle is a page miss, so
RAS s precharged before the end of the bus cycle and no extra precharge delay isincurred.

BCLKO

L
A[31:0] D<Row\ >< \c:ommn\ | >< !
T
| al

\ lPage Hit

RASJ[1] or [0]

CAS[3:0]

DRAMW

\
| ‘ |
Co
Ve
N

\

\

\

‘ ]
D[31:0] D

Figure 11-9. Continuous Page-Mode Operation

If awrite cycle hitsin the page, CAS must be delayed by one clock to allow datato become
valid, as shown in Figure 11-10.
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BCLKO

A[31:0]

RAS[1] or [0]

CAS[3:0]

DRAMW

D[31:0]

. I . I . I . . . I . .
F Bus Cycle 1 HF Bus Cycle 2 —>

Figure 11-10. Write Hit in Continuous Page Mode

11.3.3.4 Extended Data Out (EDO) Operation

EDO isavariation of page mode that allows the DRAM to continue driving data out of the
device while CASis precharging. To support EDO DRAMSs, the DRAM controller delays
internal termination of the cycle by one clock so data can continue to be captured as CAS
is being precharged. For data to be driven by the DRAMs, RAS is held after CAS is
negated. EDO operation does not affect write operations. EDO DRAMSs can be used in
continuous page or burst page modes. Single accesses not followed by ahit in the page look
like non-page-mode accesses.

Figure 11-11 shows four consecutive EDO accesses. Note that data is sampled after CAS
is negated and that on the last page access, CASis held until after datais sampled to assure
that the datais driven. This allows RAS to be precharged before the end of the cycle.

BCLKO

A[31:0] D<
—
\
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\
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RAS[1] or [0]
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| | |
DRAMW | ; ;
\ \ \
Figure 11-11. EDO Read Operatlon (3- 2 2-2)
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11.3.3.5 Refresh Operation

The DRAM controller supports CAS-before-RAS refresh operations that are not
synchronized to bus activity. A specid DRAMW pin is provided so refresh can occur
regardless of the state of the processor bus.

When the refresh counter rolls over, it sets an internal flag to indicate that a refresh is
pending. If that happens during a continuous page-mode access, the page is closed (RAS
precharged) when the data transfer completes to allow the refresh to occur. The flag is
cleared when the refresh cycleisrun. Both memory blocks are simultaneously refreshed as
determined by the DCR. DRAM accesses are delayed during refresh. Only an active bus
accessto aDRAM block can delay refresh.

Figure 11-12 shows a bus cycle delayed by a refresh operation. Notice that DRAMW is
forced high during refresh. The row address is held until the pending DRAM access.

BCLKO

A[31:0]

RAS[1] or [0]

CAS[3:0]

DRAMW

Figure 11-12. DRAM Access Delayed by Refresh

11.4 Synchronous Operation

By running synchronously with the system clock instead of responding to asynchronous
control signals, SDRAM can (after an initial latency period) be accessed on every clock;
5-1-1-1isatypica MCF5307 burst rate to SDRAM.

Note that because the M CF5307 cannot have more than one page open at atime, it does not
support interleaving.

SDRAM controllers are more sophisticated than asynchronous DRAM controllers. Not
only must they manage addresses and data, but they must send special commands for such
functions as precharge, read, write, burst, auto-refresh, and various combinations of these
functions. Table 11-10 lists common SDRAM commands.
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Table 11-10. SDRAM Commands

Command Definition

ACTV Activate. Executed before READ or WRITE executes; SDRAM registers and decodes row address.

MRS Mode register set.

NOP No-op. Does not affect SDRAM state machine; DRAM controller control signals negated; RAS asserted.

PALL Precharge all. Precharges all internal banks of an SDRAM component; executed before new page is
opened.

READ Read access. SDRAM registers column address and decodes that a read access is occurring.

REF Refresh. Refreshes internal bank rows of an SDRAM component.

SELF Self refresh. Refreshes internal bank rows of an SDRAM component when it is in low-power mode.

SELFX Exit self refresh. This command is sent to the DRAM controller when DCR][IS] is cleared.

WRITE Write access. SDRAM registers column address and decodes that a write access is occurring.

SDRAMSs operate differently than asynchronous DRAMS, particularly in the use of data
pipelines and commandsto initiate special actions. Commands are issued to memory using
specific encodings on address and control pins. Soon after system reset, a command must
be sent to the SDRAM mode register to configure SDRAM operating parameters. Note that,
after synchronous operation is selected by setting DCR[SO], DRAM controller registers
reflect the synchronous operation and there is no way to return to asynchronous operation
without resetting the processor.

11.4.1 DRAM Controller Signals in Synchronous Mode

Table 11-11 shows the behavior of DRAM signals in synchronous mode.
Table 11-11. Synchronous DRAM Signal Connections

Signal Description

SRAS Synchronous row address strobe. Indicates a valid SDRAM row address is present and can be latched
by the SDRAM. SRAS should be connected to the corresponding SDRAM SRAS. Do not confuse SRAS
with the DRAM controller's RAS[1:0], which should not be interfaced to the SDRAM SRAS signals.

SCAS Synchronous column address strobe. Indicates a valid column address is present and can be latched by
the SDRAM. SCAS should be connected to the corresponding signal labeled SCAS on the SDRAM. Do
not confuse SCAS with the DRAM controller's CAS[3:0] signals.

DRAMW | DRAM read/write. Asserted for write operations and negated for read operations.

RAS[1:0] | Row address strobe. Select each memory block of SDRAMs connected to the MCF5307. One RAS
signal selects one SDRAM block and connects to the corresponding CS signals.

SCKE Synchronous DRAM clock enable. Connected directly to the CKE (clock enable) signal of SDRAMS.
Enables and disables the clock internal to SDRAM. When CKE is low, memory can enter a power-down
mode where operations are suspended or they can enter self-refresh mode. SCKE functionality is
controlled by DCR[COC]. For designs using external multiplexing, setting COC allows SCKE to provide
command-bit functionality.

CAS[3:0] | Column address strobe. For synchronous operation, CAS[3:0] function as byte enables to the SDRAMs.
They connect to the DQM signals (or mask qualifiers) of the SDRAMs.
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Table 11-11. Synchronous DRAM Signal Connections (Continued)

Signal Description

BCLKO Bus clock output. Connects to the CLK input of SDRAMSs.

EDGESEL | Synchronous edge select. Provides additional output hold time for signals that interface to external
SDRAMs. EDGESEL supports the three following modes for SDRAM interface signals:

« Tied high. Signals change on the rising edge of BCLKO.

« Tied low. Signals change on the falling edge of BCLKO.

« Tied to buffered BCLKO. Signals change on the rising edge of the buffered clock.
EDGESEL can provide additional output hold time for SDRAM interface signals, however the SDRAM
clock and BCLKO frequencies must be the same. See Section 11.4.2, “Using Edge Select (EDGESEL)."

Figure 11-13 shows atypical signal configuration for synchronous mode.

MCF5307 SDRAM
A[31:0] > ADDRESS
D[31:0] | > DATA

CAS > DQM

DRAMW > WE
SCAS > CAS
SRAS > RAS
SCKE > CKE
1
EDGESEL ?/Rfﬁ CLK
BCLKO 49

L Trace length from buffer to CLK must equal length from buffer to EDGESEL.
Figure 11-13. MCF5307 SDRAM Interface

11.4.2 Using Edge Select (EDGESEL)

EDGESEL can ease system-level timings (note that the optional buffer in Figure 11-13 is
for memoriesthat need extradelay). The clock at theinput to the SDRAM ismonitored and
datais held until the next edge of the bus clock, adding required output hold time to the
address, data, and control signals.

To generate SDRAM interface timing, address, data, and control signals are clocked
through a two-stage shift register. Thefirst stage is clocked on the rising edge of BCLKO;
the second is clocked on the falling edge. This makes the signal available for up to an
additional half bus clock cycle, of which only asmall amount is needed for proper timing.

Using the connection shown in Figure 11-13 ensures that data remains held for a longer
time after the rising edge of the SDRAM clock input. This helps to match the MCF5307
output timing with the SDRAM clock.

Figure 11-14 shows the output wave forms for the interface signals changing on the rising
edge (A) and falling edge (B) of BCLKO as determined by whether EDGESEL istied high
or low. It also showstiming (C) with EDGESEL tied to buffered BCLKO.
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BCLKO BCLKO N
—\ A\ NG T\
Address! ><)</ALID >< VALID >< VALID >< VALID | Addiess | ;{V/NJD >< VALID ;>< VALID X |
I . I . I . I . I I . I . I . I . I
A: Address and Data Timing with EDGESEL Tied High B: Address and Data Timing with EDGESEL Tied Low

BCLKO

Buffered
BCLKO

Address/
Data

C: Address and Data Timing with EDGESEL Tied to Buffered Clock
Figure 11-14. Using EDGESEL to Change Signal Timing

11.4.3 Synchronous Register Set

The memory map in Table 11-1 is the same for both synchronous and asynchronous
operation. However, some bits are different, as noted in the following sections.

11.4.3.1 DRAM Control Register (DCR) in Synchronous Mode
The DRAM control register (DCR), Figure 11-15, controls refresh logic.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Field| so | — ‘NAM‘COC‘ IS ‘ RTIM ‘ RC
Reset| 0 Uninitialized
RIW RIW
Addr MBAR + 0x100

Figure 11-15. DRAM Control Register (DCR) (Synchronous Mode)
Table 11-12 describes DCR fields.
Table 11-12. DCR Field Descriptions (Synchronous Mode)

Bits | Name Description

15 SO | Synchronous operation. Selects synchronous or asynchronous mode. When in synchronous mode,
the DRAM controller can be switched to ADRAM mode only by resetting the MCF5307.

0 Asynchronous DRAMSs. Default at reset.

1 Synchronous DRAMs

14 — Reserved, should be cleared.

13 NAM | No address multiplexing. Some implementations require external multiplexing. For example, when
linear addressing is required, the DRAM should not multiplex addresses on DRAM accesses.

0 The DRAM controller multiplexes the external address bus to provide column addresses.

1 The DRAM controller does not multiplex the external address bus to provide column addresses.
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Table 11-12. DCR Field Descriptions (Synchronous Mode) (Continued)

Bits | Name Description

12 COC | Command on SDRAM clock enable (SCKE). Implementations that use external multiplexing

(NAM = 1) must support command information to be multiplexed onto the SDRAM address bus.

0 SCKE functions as a clock enable; self-refresh is initiated by the DRAM controller through DCR][IS].

1 SCKE drives command information. Because SCKE is not a clock enable, self-refresh cannot be
used (setting DCR[IS]). Thus, external logic must be used if this functionality is desired. External
multiplexing is also responsible for putting the command information on the proper address bit.

11 IS Initiate self-refresh command.

0 Take no action or issue a SELFX command to exit self refresh.

1 If DCR[COC] = 0, the DRAM controller sends a SELF command to both SDRAM blocks to put them
in low-power, self-refresh state where they remain until IS is cleared, at which point the controller
sends a SeLFx command for the SDRAMSs to exit self-refresh. The refresh counter is suspended
while the SDRAMSs are in self-refresh; the SDRAM controls the refresh period.

10-9 | RTIM | Refresh timing. Determines the timing operation of auto-refresh in the DRAM controller. Specifically,
it determines the number of clocks inserted between a REF command and the next possible ACTV
command. This same timing is used for both memory blocks controlled by the DRAM controller. This
corresponds to tgc in the SDRAM specifications.

00 3 clocks

01 6 clocks

1x 9 clocks

8-0 RC | Refresh count. Controls refresh frequency. The number of bus clocks between refresh cycles is
(RC + 1) * 16. Refresh can range from 16—-8192 bus clocks to accommodate both standard and
low-power DRAMs with bus clock operation from less than 2 MHz to greater than 50 MHz.

The following example calculates RC for an auto-refresh period for 4096 rows to receive 64 mS of
refresh every 15.625 ps for each row (625 bus clocks at 40 MHz). This operation is the same as in
asynchronous mode.

# of bus clocks = 625 = (RC field + 1) * 16

RC = (625 bus clocks/16) -1 = 38.06, which rounds to 38; therefore, RC = 0x26.

11.4.3.2 DRAM Address and Control Registers (DACRO/DACR1) in
Synchronous Mode

The DRAM address and control registers (DACRO and DACR1), shown in Figure 11-16,
contain the base address compare value and the control bits for both memory blocks 0 and
1 of the DRAM controller. Address and timing are also controlled by bitsin DACRn.

31 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 10
Field BA —_ RE | — ‘ CASL ‘ —‘ CBM ‘— IMRS | PS ‘ IP ‘PM‘—
Reset Uninitialized 0 Uninitialized 0 Uninitialized
R/W R/W

Addr MBAR+0x108 (DACRO); 0x110(DACR1)

Figure 11-16. DACRO and DACRL1 Registers (Synchronous Mode)
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Table 11-13 describes DACRn fields.
Table 11-13. DACRO/DACRL1 Field Descriptions (Synchronous Mode)

Bit Name Description

31-18 BA | Base address register. With DCMR[BAM], determines the address range in which the associated
DRAM block is located. Each BA bit is compared with the corresponding address of the current bus
cycle. If all unmasked bits match, the address hits in the associated DRAM block. BA functions the
same as in asynchronous operation.

17-16 — Reserved, should be cleared.

15 RE | Refresh enable. Determines when the DRAM controller generates a refresh cycle to the DRAM
block.

0 Do not refresh associated DRAM block
1 Refresh associated DRAM block

14 — Reserved, should be cleared.

13-12 | CASL | CAS latency. Affects the following SDRAM timing specifications. Timing nomenclature varies with
manufacturers. Refer to the SDRAM specification for the appropriate timing nomenclature:

Number of Bus Clocks
Parameter
CASL=00 | CASL =01 | CASL=10 | CASL=11

treo—SRAS assertion to SCAS assertion 1 2 3 3
tcasi—SCAS assertion to data out 1 2 3 3
tras—ACTV command to precharge command 2 4 6 6
tre—Precharge command to ACTv command 1 2 3 3
trwi tro,—Last data input to precharge 1 1 1 1
command

tep—Last data out to precharge command) 1 1 1 1

11 — Reserved, should be cleared.

10-8 CBM | Command and bank MUX [2:0]. Because different SDRAM configurations cause the command and
bank select lines to correspond to different addresses, these resources are programmable. CBM
determines the addresses onto which these functions are multiplexed.

CBM Command Bit  Bank Select Bits

0oo 17 18 and up

001 18 19 and up

010 19 20 and up

011 20 21 and up

100 21 22 and up

101 22 23 and up

110 23 24 and up

111 24 25 and up

This encoding and the address multiplexing scheme handle common SDRAM organizations. Bank
select bits include a base bit and all address bits above for SDRAMs with multiple bank select bits.

7 — Reserved, should be cleared.
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Table 11-13. DACRO/DACRL Field Descriptions (Synchronous Mode) (Continued)

Bit | Name Description

6 IMRS | Initiate mode register set (MRS) command. Setting IMRS generates a MRS command to the
associated SDRAMSs. In initialization, IMRS should be set only after all DRAM controller registers are
initialized and PALL and REFRESH commands have been issued. After IMRS is set, the next access to
an SDRAM block programs the SDRAM’s mode register. Thus, the address of the access should be
programmed to place the correct mode information on the SDRAM address pins. Because the
SDRAM does not register this information, it doesn’t matter if the IMRS access is a read or a write or
what, if any, data is put onto the data bus. The DRAM controller clears IMRS after the MRS command
finishes.

0 Take no action

1 Initiate MRS command

5-4 PS | Port size. Indicates the port size of the associated block of SDRAM, which allows for dynamic sizing
of associated SDRAM accesses. PS functions the same in asynchronous operation.

00 32-bit port

01 8-bit port

1x 16-bit port

3 P Initiate precharge all (PALL) command. The DRAM controller clears IP after the PALL command is

finished. Accesses via IP should be no wider than the port size programmed in PS.

0 Take no action.

1 A pALL command is sent to the associated SDRAM block. During initialization, this command is
executed after all DRAM controller registers are programmed. After IP is set, the next write to an
appropriate SDRAM address generates the PALL command to the SDRAM block.

2 PM | Page mode. Indicates how the associated SDRAM block supports page-mode operation.

0 Page mode on bursts only. The DRAM controller dynamically bursts the transfer if it falls within a
single page and the transfer size exceeds the port size of the SDRAM block. After the burst, the
page closes and a precharge is issued.

1 Continuous page mode. The page stays open and only SCAS needs to be asserted for sequential
SDRAM accesses that hit in the same page, regardless of whether the access is a burst.

1-0 — | Reserved, should be cleared.

11.4.3.3 DRAM Controller Mask Registers (DMR0O/DMR1)

The DMRn, Figure 11-17, include mask bitsfor the base address and for address attributes.
They are the same as in asynchronous operation.

31 18 17 9 8 7 6 5 4 3 2 1 0
Field BAM — ‘WP‘— ‘C/I‘AM‘SC‘SD‘UC‘UD \%
Reset Uninitialized
R/W R/W
Addr MBAR + 0x10C (DMRO0), 0x114 (DMR1)

Figure 11-17. DRAM Controller Mask Registers (DMRO and DMR1)
Table 11-14 describes DMRn fields.
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Table 11-14. DMRO/DMRL1 Field Descriptions

Bits Name Description

31-18 | BAM | Base address mask. Masks the associated DACRN[BA]. Lets the DRAM controller connect to various
DRAM sizes. Mask bits need not be contiguous (see Section 11.5, “SDRAM Example.”)

0 The associated address bit is used in decoding the DRAM hit to a memory block.

1 The associated address bit is not used in the DRAM hit decode.

17-9 — Reserved, should be cleared.

8 WP | Write protect. Determines whether the associated block of DRAM is write protected.

0 Allow write accesses

1 Ignore write accesses. The DRAM controller ignores write accesses to the memory block and an
address exception occurs. Write accesses to a write-protected DRAM region are compared in the
chip select module for a hit. If no hit occurs, an external bus cycle is generated. If this external bus
cycle is not acknowledged, an access exception occurs.

7 — Reserved, should be cleared.

6-1 AMx | Address modifier masks. Determine which accesses can occur in a given DRAM block.

0 Allow access type to hitin DRAM
1 Do not allow access type to hitin DRAM

Bit Associated Access Type Access Definition
C/lI | CPU spacel/interrupt acknowledge | MOVEC instruction or interrupt acknowledge cycle
AM | Alternate master External or DMA master
SC | Supervisor code Any supervisor-only instruction access
SD | Supervisor data Any data fetched during the instruction access
UC | User code Any user instruction
UD | User data Any user data
0 \% Valid. Cleared at reset to ensure that the DRAM block is not erroneously decoded.

0 Do not decode DRAM accesses.
1 Registers controlling the DRAM block are initialized; DRAM accesses can be decoded.

11.4.4 General Synchronous Operation Guidelines

To reduce system logic and to support a variety of SDRAM sizes, the DRAM controller
provides SDRAM control signals aswell asamultiplexed row address and column address
to the SDRAM.

When SDRAM blocks are accessed, the DRAM controller can operate in either burst or
continuous page mode. The following sections describe the DRAM controller interface to
SDRAM, the supported bus transfers, and initialization.

11.4.4.1 Address Multiplexing

Table 11-6 shows the generic address multiplexing schemefor SDRAM configurations. All
possible address connection configurations can be derived from thistable.

The following tables provide a more comprehensive, step-by-step way to determine the
correct address line connections for interfacing the MCF5307 to SDRAM. To use the
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tables, find the one that corresponds to the number of column address lines on the SDRAM
and to the port size as seen by the MCF5307, which is not necessarily the SDRAM port
size. For example, if two 1M x 16-bit SDRAMSs together form a 2M x 32-bit memory, the
port size is 32 bits. Most SDRAMs likely have fewer address lines than are shown in the
tables, so follow only the connections shown until all SDRAM address lines are connected.

Table 11-15. MCF5307 to SDRAM Interface (8-Bit Port, 9-Column Address Lines)

MCF5307 |A17|A16|A15|A14|A13|A12|A11|A10| A9 |A18|A19|A20|A21|A22|A23|A24|A25|A26|A27|A28|A29|A30|A31
Pins

Row 17116 (15|14 (13 |12|11|10| 9 |18 |19|20|21 |22 |23|24|25|26|27 (28|29 30|31

Column |0 |1 |2 |3|4|5|6]|7]|8

SDRAM | A0 |Al | A2 | A3 | A4 | A5 | A6 | A7 | AB| A9 |A10|A11]A12|A13|A14|A15|A16|A17|A18|A19|A20|A21|A22
Pins

Table 11-16. MCF5307 to SDRAM Interface (8-Bit Port,10-Column Address Lines)

MCF5307|A17|A16|A15|A14|A13|A12|A11|A10| A9 |A19|A20|A21|A22|A23|A24|A25|A26|A27|A28|A29|A30|A31
Pins

Row 17116 (15|14 13|12 |11|10| 9 |19|20|21|22|23|24|25|26|27|28|29|30|31
Column |O|1|2|3|4|5|6|7]|8]18

SDRAM | AO [ Al | A2 | A3 | A4 | A5 | A6 | A7 | A8 | A9 |[A10|A11|A12|A13|A14|A15|A16|A17|A18|A19|A20|A21
Pins

Table 11-17. MCF5307 to SDRAM Interface (8-Bit Port,11-Column Address
Lines)

MCF5307|A17|A16|A15|A14|A13|A12|A11|A10| A9 |A19|A21|A22|A23|A24|A25|A26|A27|A28|A29|A30|A31
Pins

Row 17 116 | 15|14 |13 (12|11 |10| 9 |19| 21|22 |23 |24 |25|26|27|28|29|30 |31
Column |0 |1 |2 |3|4|5|6|7|8]18]|20

SDRAM | AO [ Al | A2 | A3 | A4 | A5 | A6 | A7 | A8 | A9 |A10|A11|A12|A13|A14|A15|A16|A17|A18|A19|A20
Pins

Table 11-18. MCF5307 to SDRAM Interface (8-Bit Port,12-Column Address Lines)

MCF5307|A17|A16|A15|A14|A13|A12|A11|A10| A9 |A19|A21|A23|A24|A25|A26|A27|A28|A29|A30|A31
Pins

Row 17|16 15|14 (13|12 |11|10| 9 |19|21|23|24|25|26|27|28|29|30|31
Column | O | 1|2 |3|4|5|6|7]|8/|18[20|22

SDRAM | A0 |A1| A2 | A3 | A4 | A5 | A6 | A7 | AB | A9 |A10|A11|A12|A13|A14|A15|A16|A17|A18|AL9
Pins
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Table 11-19. MCF5307 to SDRAM Interface (8-Bit Port,13-Column Address
Lines)

MCF5307|A17|A16|A15|A14|A13|A12|A11|A10| A9 |A19|A21|A23|A25|A26|A27|A28|A29|A30|A31
Pins

Row 17|16 15|14 |13 |12 |11 (10| 9 [19|21|23|25|26|27|28|29|30|31

Column |0 | 1|2 |3|4|5|6|7|8|18[20|22]|24

SDRAM | A0 | A1 | A2 | A3 | A4 | A5 | A6 | A7 | AB | A9 |A10|A11|A12|A13|A14|A15|A16|A17|AL8
Pins

Table 11-20. MCF5307 to SDRAM Interface (16-Bit Port, 8-Column Address Lines)

MCF5307|A16|A15{A14(A13|A12|A11|A10| A9 |A17|A18|A19|A20|A21|A22|A23|A24|A25|A26|A27|A28|A29|A30|A31
Pins

Row 16 (15|14 |13 |12 |11 (10| 9 |17(18|19|20|21|22|23|24|25|26|27|28|29|30 |31

Column | 1|2 |3 [4|5|6|7]|8

SDRAM |AO|Al1|A2|A3|A4|A5| A6 | A7 | A8 | A9 |A10|A11|A12|A13|A14|A15|A16|A17|A18|A19|A20|A21|A22
Pins

Table 11-21. MCF5307 to SDRAM Interface (16-Bit Port, 9-Column Address Lines)

MCF5307|A16|A15|A14|A13|A12|A11|A10| A9 |A18|A19|A20(A21|A22|A23|A24|A25|A26|A27|A28|A29|A30|A31
Pins

Row 16 (151413 |12 |11 10| 9 (18 |19|20|21| 22|23 |24 25|26 |27 (28|29 30|31

Column |1 |2 | 3|4 |5|6|7]|8]|17

SDRAM | A0 |A1 | A2 | A3 |A4|A5| A6 | A7 | AB | A9 |[A10|A11|A12|A13|A14|A15|A16|A17|A18|A19|A20|A21
Pins

Table 11-22. MCF5307 to SDRAM Interface (16-Bit Port, 10-Column Address Lines)

MCF5307|A16|A15|A14|A13|A12|A11|A10| A9 |A18|A20|A21|A22|A23|A24|A25|A26|A27|A28|A29|A30|A31
Pins

Row 16 |15|114 (13 (12|11 |10| 9 |18 |20 (21|22 |23 |24 |25|26 |27 (28|29 |30|31

Column |1 |2 | 3|4 |5|6|7|8/]17|19

SDRAM | A0 | A1 | A2 | A3 | A4 | A5 | A6 | A7 | AB | A9 |A10[A11|A12|A13|A14|A15|A16|AL7|AL18|AL19|A20
Pins

Table 11-23. MCF5307 to SDRAM Interface (16-Bit Port, 11-Column Address Lines)

MCF5307|A16|A15|A14|A13|A12|A11|A10| A9 |A18|A20|A22|A23|A24|A25|A26|A27|A28|A29|A30|A31
Pins

Row 16 |15 |14 (13 |12 |11 |10 | 9 |18 |20 |22 |23 |24 | 25|26 | 27 |28 |29 |30 | 31

Column 1123|456 |78 1719|221

SDRAM | A0 | A1 | A2 | A3 | A4 | A5 | A6 | A7 | A8 | A9 |A10|A11|A12|A13|A14|A15|AL6|AL7 |AL18|AL9
Pins
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Table 11-24. MCF5307 to SDRAM Interface (16-Bit Port, 12-Column Address Lines)

'\P/Ii(ri55307 Al6|A15|Al4|A13|A12 | A11|Al10| A9 |A18 | A20 | A22 | A24 | A25| A26 | A27 | A28 | A29 | A30 | A3l
Row 16 |15 (14 |13 (12 | 11|10 | 9 |18 |20 |22 |24 | 25| 26 | 27 | 28 | 29 | 30 | 31

Column | 1 | 2 | 3| 4|5 |6 ]| 7|8 |17]19]21]23

SDRAM

Pins AO | A1 | A2 | A3 | A4 | A5 | A6 | A7 | A8 | A9 |Al10|A11|A12 | A13|Al4|AL15|AL6|AL7 |AL8

Table 11-25. MCF5307to SDRAM Interface (16-Bit Port, 13-Column-Address Lines)

MCF5307| A16 | A15 | A14 | A13 | A12 | A11 | A10| A9 | Al8 | A20 | A22 | A24 | A26 | A27 | A28 | A29 | A30 | A3l
Pins

Row 16 | 15|14 |13 | 12 |11 | 10| 9 |18 | 20 | 22 | 24 | 26 | 27 | 28 | 29 | 30 | 31

Column 1 2 3 4 5 6 7 8 17 | 19 | 21 | 23 | 25

SDRAM | A0 | A1 | A2 | A3 | A4 | A5 | A6 | A7 | A8 | A9 | A10 | All | Al2 | A13 | Al4 | Al5 | Al6 | A17
Pins

Table 11-26. MCF5307 to SDRAM Interface (32-Bit Port, 8-Column Address Lines)

MCF5307|A15|A14|A13|A12|A11|A10| A9 |A17|A18|A19|A20|A21|A22|A23|A24|A25|A26|A27|A28|A29|A30|A31
Pins

Row 1514|1312 |11|10| 9 |17|18 |19 |20 |21 |22 |23 |24 |25|26 |27 |28 |29 |30|31

Column | 2 |3 |4 |5| 6|7 | 8]16

SDRAM | A0 | A1 | A2 | A3 | A4 | A5 | A6 | A7 | A8 | A9 |[A10|A11|A12|A13|A14|A15|A16|A17|A18|A19|A20|A21
Pins

Table 11-27. MCF5307 to SDRAM Interface (32-Bit Port, 9-Column Address Lines)

MCF5307|A15|A14|A13|A12|A11|A10| A9 |A17|A19|A20|A21|A22|A23|A24|A25|A26(A27|A28|A29|A30|A31
Pins

Row 15|14 (13|12 |11 (10| 9 |17 19| 20| 21|22 |23 |24 |25 |26 |27 |28|29|30|31

Column | 2 | 3| 4| 5|6 | 7] 8]|16]18

SDRAM | A0 | Al | A2 | A3 | A4 | A5 | A6 | A7 | A8 | A9 |A10|A11|A12|A13|A14|A15|A16|A17|A18|A19|A20
Pins

Table 11-28. MCF5307 to SDRAM Interface (32-Bit Port, 10-Column Address Lines)

MCF5307|A15|A14 |A13|A12|A11|A10| A9 |Al7|A19|A21|A22|A23 |A24 | A25|A26 |A27 | A28 |A29 | A30|A31
Pins

Row 15114 |13 |12 |11 (10| 9 |17 |19 |21 |22 |23 |24 | 25|26 |27 |28|29|30)31

Column 2|13 |4|5 6 | 7|8 16|18 | 20

SDRAM | A0 | A1 | A2 | A3 | A4 | A5 | A6 | A7 | A8 | A9 |A10|A11|A12|A13|A14|A15|A16|A17|AL18|AL9
Pins
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Table 11-29. MCF5307 to SDRAM Interface (32-Bit Port, 11-Column Address Lines)

MCF5307| A15 | A14 | A13 | A12 [A11| A10| A9 |Al17|Al19|A21 | A23|A24 | A25 | A26 | A27 | A28 | A29 | A30 | A3l
Pins

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

SDRAM | A0 | A1 | A2 | A3 | A4 | A5 | A6 | A7 | A8 | A9 |A10|Al11|A12|A13|Al4|Al5|AL16|AL7|AlL8
Pins

Table 11-30. MCF5307 to SDRAM Interface (32-Bit Port, 12-Column Address Lines)

MCF5307| A15 | A14 | A13 | A12 | A11 | A10 | A9 | A17 | A19 | A21 | A23 | A25 | A26 | A27 | A28 | A29 | A30 | A3l
Pins

Row 15|14 |18 |12 | 11 |10 | 9 17 | 19 | 21 | 23| 25| 26 | 27 | 28 | 29 | 30 | 31

Column 2 3 4 5 6 7 8 16 | 18 | 20 | 22 | 24

SDRAM A0 | AL | A2 | A3 | AAd | A5 | A6 | A7 | A8 | A9 | A10| All |A12 | A13 | Al4 | Al5 | Al6 | A17
Pins

11.4.4.2 Interfacing Example

The tables in the previous section can be used to configure the interface in the following
example. To interface one 2M x 32-bit x 4 bank SDRAM component (8 columns) to the
MCF5307, the connections would be as shown in Table 11-31.

Table 11-31. SDRAM Hardware Connections

SDRAM A0 Al | A2 | A3 | AA | A5 | A6 | A7 | AB | A9 A10 =CMD BAO | BAl
Pins
MCF5307 | A15 | Al4 | A13 | A12 | A11 | A10 | A9 | Al7 | A18 | A19 A20 A21 | A22
Pins

11.4.4.3 Burst Page Mode

SDRAM can €fficiently provide data when an SDRAM page is opened. As soon as SCAS
isissued, the SDRAM accepts a new address and asserts SCAS every clock for aslong as
accesses arein that page. In burst page mode, there are multiple read or write operations for
every ACTV command in the SDRAM if the requested transfer size exceeds the port size of
the associated SDRAM. The primary cycle of the transfer generates the ACTV and READ or
WRITE commands; secondary cycles generate only READ or WRITE commands. As soon as
the transfer completes, the PALL command is generated to prepare for the next access.

Note that in synchronous operation, burst mode and address incrementing during burst
cycles are controlled by the MCF5307 DRAM controller. Thus, instead of the SDRAM
enabling its internal burst incrementing capability, the MCF5307 controls this function.
This meansthat the burst function that is enabled in the mode register of SDRAMs must be
disabled when interfacing to the MCF5307.

Figure 11-18 shows a burst read operation. In this example, DACR[CASL] = 01, for an
SRAS10-SCAS delay (tgcp) of 2 BCLKO cycles. Because trep is equal to theread CAS
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latency (SCAS assertion to data out), thisvalue is also 2 BCLKO cycles. Notice that NOPS
are executed until the last dataisread. A PALL command is executed one cycle after the last
data transfer.

BCLKO

b
A[31:0] D<}

1 : b
1 XCqun{nXCj,olurq?nXColunimX }Colu?{nn

‘ |
\ — 1 i
[— |
[ L |
o |
\ 1 I \ 1 \
[ B e }
SCAS L Lo tep |
T e ‘
RN T T TN |
[ N B |
) /T T T |
D[E1.0] 1>:<1>:<1>:<1 o |
o o ] |
RASI0] or [1] T |
N B |
CAS[3:.0] [ N T R \
I \
' 1 NoP | NOP | PALL | [

Figure 11-18. Burst Read SDRAM Access

Figure 11-19 shows the burst write operation. In this example, DACR[CASL] = 01, which
creates an SRAS-t0-SCAS delay (tgrcp) of 2 BCLKO cycles. Note that data is available
upon SCAS assertion and a burst write cycle completes two cycles sooner than aburst read
cycle with the same tgcp The next bus cycle is initiated sooner, but cannot begin an
SDRAM cycle until the precharge-to-ACTv delay completes.
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t 0 t g 0 .
ACTV NOP WRITE NOP PALL

Figure 11-19. Burst Write SDRAM Access

Accesses in synchronous burst page mode always cause the following sequence:

1
2.

3.

4.
5.
6.

ACTV command

NOP commands to assure SRAS-to-SCAS delay (if CASlatency is 1, there are no
NOP commands).

Required number of READ or WRITE commands to service the transfer size with the
given port size.

Some transfers need more NOP commands to assure the ACTV-to-precharge delay.
PALL command
Required number of idle clocks inserted to assure precharge-to-ACTv delay.

11.4.4.4 Continuous Page Mode

Continuous page mode is identical to burst page mode, except that it allows the processor
coreto handle successive bus cyclesthat hit the same page without having to close the page.
When the current bus cycle finishes, the MCF5307 core interna pipelined bus can predict
whether the upcoming cycle will hit in the same page.

If the next bus cycleis not pending or misses in the page, the PALL command is
generated to the SDRAM.

If the next bus cycle is pending and hits in the page, the page is left open, and the
next SDRAM access begins with a READ or WRITE command.
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« Because of the nature of the internal CPU pipeline this condition does not occur
often; however, the use of continuous page mode is recommended because it can
provide a slight performance increase.

Figure 11-20 shows two read accesses in continuous page mode. Note that there is no
precharge between the two accesses. Also notice that the second cycle begins with a read
operation with no ACTv command.

| | | —

A[3L:0] D( ~ Row Y | Colmn Y chumn | |
SRAS - — * % \ :
SRAS "\ : | | | | | | ‘
e : trep = 2 — | | |
RED = T | ‘ : ‘
\ | N T,
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RAS|0] or [1]

i
|
?
\
|
\
\
\
|
\
\
\
\
CAS[3:0] ;
|

I I

| |

i ;

\ ‘ o

\ | ‘ ‘ |

\ \\L : o

o T ! b

—_ | | I | I ) I | | I
DRAMW | | | | |

J | o \‘\ﬁ |

. L feasy=2) —

I o -

n Co Lo

|\ S ; —

i M \

\ \ \

|

\
\ \
[ [
\ \
| | ‘ ‘ | I ‘
| ACTV | NOP | READ | . | NOP | READ | NOP | NOP | PALL
Figure 11-20. Synchronous, Continuous Page-Mode Access—Consecutive Reads

Figure 11-21 shows awrite followed by aread in continuous page mode. Because the bus
cycle isterminated with a wRITE command, the second cycle begins sooner after the write
than after the read. A read requires data to be returned before the bus cycle can terminate.
Note that in continuous page mode, secondary accesses output the column address only.
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BCLKO ‘ ;

D[3L:0]
RASI0] or [1] R

CAS[3:0]

|
| |

T T ‘ ‘ }

WRITE | NOP | READ | NOP | NOP | NOP | PALL

| ACTV | NQP
Figure 11-21. Synchronous, Continuous Page-Mode Access—Read after Write

11.4.4.5 Auto-Refresh Operation

The DRAM controller is equipped with a refresh counter and control. This logic is
responsible for providing timing and control to refresh the SDRAM. Once the refresh
counter is set, and refresh is enabled, the counter counts to zero. At this time, an internal
refresh request flag is set and the counter begins counting down again. The DRAM
controller completes any active burst operation and then performs a PALL operation. The
DRAM controller then initiates a refresh cycle and clears the refresh request flag. This
refresh cycle includes a delay from any precharge to the auto-refresh command, the
auto-refresh command, and then adelay until any ACTV command isallowed. Any SDRAM
access initiated during the auto-refresh cycle is delayed until the cycle is completed.

Figure 11-22 shows the auto-refresh timing. In this case, there isan SDRAM access when
the refresh request becomes active. The request is delayed by the precharge to ACTV delay
programmed into the active SDRAM bank by the CAS bits. The REF command is then
generated and the delay required by DCR[RTIM] is inserted before the next ACTv
command isgenerated. In thisexample, the next bus cycleisinitiated, but does not generate
an SDRAM access until Tre isfinished. Because both chip selects are active during the REF
command, it is passed to both blocks of external SDRAM.

@> MOTOROLA Chapter 11. Synchronous/Asynchronous DRAM Controller Module 11-31

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



. Freescale Semiconductor, Inc.
shronous Operation

BCLKol—‘[—”—\_J—’

| L L

\ \ L I R R

asrol | X I o

e Lo N

sras T\ /T TN/ ] T\

\ U e | T L | 'Re=6 | BRI

I e e e e P S 1 Pt

SCAS }\\j\¢= S | I I

R O S B \ \ \ \ \ 1

DRAMW | \ . |/ | \ \ \ \ | \

\ \ \ \ \ \ \ \ \ |

RAS[0] or [1] 1 ‘ | 1 \ | 1 1 1 ‘ 1 1 \
PALL NOP REF NOP ACTV

Figure 11-22. Auto-Refresh Operation

11.4.4.6 Self-Refresh Operation

Self-refresh is a method of allowing the SDRAM to enter into alow-power state, while at
the same time to perform an internal refresh operation and to maintain the integrity of the
data stored in the SDRAM. The DRAM controller supports self-refresh with DCRJ[IS)].
When IS is set, the SELF command is sent to the SDRAM. When IS is cleared, the SELFX
command is sent to the DRAM controller. Figure 11-23 shows the self-refresh operation.

BCLKO

SRAS

SCAS

DRAMW

RAS[0] or [1]

SCKE
(DCR[COC] = 0) ‘ ‘ /
| . | . | . | . | . . . .
PALL  NOP  SELF Self-  sELFX NOP Possible
Refresh ACTV
Active
Figure 11-23. Self-Refresh Operation
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11.4.5 Initialization Sequence

Synchronous DRAMSs have a prescribed initialization sequence. The DRAM controller
supports this sequence with the following procedure:

1. SDRAM control signals arereset to idle state. Wait the prescribed period after reset
before any action istaken on the SDRAMSs. Thisis normally around 100 ps.

2. Initialize the DCR, DACR, and DMR in their operational configuration. Do not yet
enable PALL or REF commands.

3. IssueapPALL command to the SDRAMSs by setting DCR[1P] and accessing a
SDRAM location. Wait the time (determined by tgp) before any other execution.

4. Enable refresh (set DACR[RE]) and wait for at least 8 refreshes to occur.

5. Beforeissuing the MRS command, determine if the DMR mask hits need to be
modified to allow the MRS to execute properly

6. Issuethe MRS command by setting DACR[IMRS] and accessing alocation in the
SDRAM. Notethat mode register settings are driven on the SDRAM address bus, so
care must be taken to change DMR[BAM] if the mode register configuration does
not fall in the address range determined by the address mask bits. After the mode
register is set, DMR mask bits can be restored to their desired configuration.

11.4.5.1 Mode Register Settings

It is possible to configure the operation of SDRAMs, namely their burst operation and CAS
latency, through the SDRAM component’s mode register. CAS latency is a function of the
speed of the SDRAM and the bus clock of the DRAM controller. The DRAM controller
operates at a CAS latency of 1, 2, or 3.

Although the MCF5307 DRAM controller supports bursting operations, it does not use the
bursting features of the SDRAMSs. Because the MCF5307 can burst operand sizes of 1, 2,
4, or 16 bytes long, the concept of a fixed burst length in the SDRAMSs mode register
becomes problematic. Therefore, the MCF5307 DRAM controller generates the burst
cyclesrather than the SDRAM device. Because the MCF5307 generates a new address and
a READ or WRITE command for each transfer within the burst, the SDRAM mode register
should be set either to a burst length of one or to not burst. This allows bursting to be
controlled by the MCF5307 instead.

The SDRAM mode register is written by setting the associated block’s DACR[IMRS].
First, the base address and mask registers must be set to the appropriate configuration to
allow the mode register to be set. Note that improperly set DMR mask bits may prevent
access to the mode register address. Thus, the user should determine the mapping of the
mode register address to the M CF5307 address bitsto find out if an accessisblocked. If the
DMR setting prohibits mode register access, the DMR should be reconfigured to enable the
access and then set to its necessary configuration after the MRS command executes.
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The associated CBM bits should also be initialized. After DACR[IMRS] is set, the next
access to the SDRAM address space generates the MRS command to that SDRAM. The
address of the access should be selected to place the correct mode information on the
SDRAM address pins. The address is not multiplexed for the MRS command. The MRS
access can be aread or write. The important thing is that the address output of that access
needs the correct mode programming information on the correct address bits.

Figure 11-24 shows the MRS command, which occursin the first clock of the bus cycle.

scko ||

1 |
A[31:0] b< |
| \
: |
\

\

|

\

\

\

\

SRAS, SCAS

D[31:0]

\

| ‘

| :
DRAMW  \ |

T

| 1

\

RASJ[1] or [0]

| |

MRS |

Figure 11-24. Mode R‘egister Sét (MRS) Command

11.5 SDRAM Example

This example interfaces a 2M x 32-bit x 4 bank SDRAM component to a MCF5307
operating at 40 MHz. Table 11-32 lists design specifications for this example.

Table 11-32. SDRAM Example Specifications

Parameter Specification

Speed grade (-8E) 40 MHz (25-nS period)

10 rows, 8 columns

Two bank-select lines to access four internal banks

ACTV-to-read/write delay (trcp) 20 nS (min.)
Period between auto refresh and ACTv command (trc) 70 nS
ACTV command to precharge command (tgas) 48 nS (min.)
Precharge command to ACTv command (tgp) 20 nS (min.)
Last data input to PALL command (tgrw) 1 bus clock (25 nS)
Auto refresh period for 4096 rows (trgr) 64 mS
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11.5.1 SDRAM Interface Configuration

To interface this component to the MCF5307 DRAM controller, use the connection table
that corresponds to a 32-bit port size with 8 columns (Table 11-26). Two pins select one of
four banks when the part is functional. Table 11-33 shows the proper hardware hook-up.

Table 11-33. SDRAM Hardware Connections

MCF5307 Al5 | Al4 | A13 | A12 | A1l | A10 | A9 Al7 | A18 | A19 A20 A21 | A22
Pins

SDRAM AO Al A2 A3 A4 A5 A6 A7 A8 A9 A10=CMD | BAO | BA1
Pins

11.5.2 DCR Initialization

At power-up, the DCR has the following configuration if synchronous operation and
SDRAM address multiplexing is desired.

15 14 13 12 11 10 9 8 0
Field| SO res [NAM|COC| IS RTIM RC
SettinngOOOOOOO‘O‘l‘O 0\1\1\0
(hex) 8 0 2 6

Figure 11-25. Initialization Values for DCR
This configuration resultsin avalue of 0x8026 for DCR, as shown in Table 11-34.
Table 11-34. DCR Initialization Values

Bits | Name | Setting Description
15 SO 1 Indicating synchronous operation
14 — X Don't care (reserved)
13 NAM 0 Indicating SDRAM controller multiplexes address lines internally
12 CcocC 0 SCKE is used as clock enable instead of command bit because user is not multiplexing
address lines externally and requires external command feed.
11 IS 0 At power-up, allowing power self-refresh state is not appropriate because registers are
being set up.
10-9 | RTIM 00 Because tgc value is 70 nS, indicating a 3-clock refresh-to-AcTv timing.
8-0 RC 0x26 | Specification indicates auto-refresh period for 4096 rows to be 64 mS or refresh every

15.625 ps for each row, or 625 bus clocks at 40 MHz. Because DCR[RC] is incremented by
1 and multiplied by 16, RC = (625 bus clocks/16) -1 = 38.06 = 0x38

11.5.3 DACR Initialization

As shown in Figure 11-26, in this example the SDRAM is programmed to access only the
second 512-Kbyte block of each 1-Mbyte partition in the SDRAM (each 16 Mbytes). The
starting address of the SDRAM is OxFF80_0000. Continuous page mode feature is used.
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SDRAM Component Accessible
Memory
Bank 0 Bank 1 Bank 2 Bank 3
512 Kbyte 512 Kbyte 512 Kbyte 512 Kbyte
1 Mbyte 1 Mbyte 1 Mbyte 1 Mbyte
512 Kbyte 512 Kbyte 512 Kbyte 512 Kbyte

Figure 11-26. SDRAM Configuration

The DACRs should be programmed as shown in Figure 11-27.

31

18 17 16

Field

Setting

(hex)

Field

Setting

(hex)

BA —
1111_1111_1000_10 XX
15 15 8 8
15 14 13 12 11 10 8 7 6 5 4 3 2 1 0
RE | — CASL — CBM — |IMRs PS P | PM —
0 | x 00 X 011 X | o 00 0| 1 XX
0 3 0 4

Figure 11-27. DACR Register Configuration

This configuration results in a vaue of DACRO = OxFF88 0304, as described in
Table 11-35. DACRL1 initialization is not needed because there is only one block.
Subsequently, DACR1[RE,IMRS,IP] should be cleared; everything elseisadon’t care.

Table 11-35. DACR Initialization Values

Bits Name | Setting Description
31-18 BA Base address. So DACRO0[31-16] = 0xFF88, which places the starting address of the
SDRAM accessible memory at OxFF88_0000.
17-16 — Reserved. Don't care.
15 RE 0 0, which keeps auto-refresh disabled because registers are being set up at this time.
14 — Reserved. Don't care.
13-12 CASL 00 Indicates a delay of data 1 cycle after CAS is asserted
11 — Reserved. Don't care.
10-8 CBM 011 Command bit is pin 20 and bank selects are 21 and up.
7 — Reserved. Don't care.
6 IMRS 0 Indicates MRs command has not been initiated.
5-4 PS 00 32-bit port.
3 P 0 Indicates precharge has not been initiated.
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Table 11-35. DACR Initialization Values

SDRAM Example

Name

Setting

Description

PM

1

Indicates continuous page mode

Reserved. Don't care.

11.5.4 DMR Initialization

Inthisexample, again, only the second 512-K byte block of each 1-Mbyte spaceis accessed
in each bank. In addition the SDRAM component is mapped only to readable and writable
supervisor and user data. The DMRs have the following configuration.

Field
Setting
(hex)

Field
Setting
(hex)

31

18 17 16

BAM —_
o‘o‘o‘o o‘o‘o‘o ‘1‘1‘1 0‘1 x‘x
0 0 7 4
15 9 8 6 5 4 3 2 1 0
— WP ch|am|sc|spfuc|uw]| v
X‘X‘X‘X X‘X‘XO 1]/ 11| 0| 1] 0
0 0 7 5

Figure 11-28. DMRO Register

With this configuration, the DMRO = 0x0074_0075, as described in Table 11-36.
Table 11-36. DMRO Initialization Values

Bits | Name | Setting Description

31-16 | BAM With bits 17 and 16 as don’t cares, BAM = 0x0074, which leaves bank select bits and
upper 512K select bits unmasked. Note that bits 22 and 21 are set because they are used
as bank selects; bit 20 is set because it controls the 1-Mbyte boundary address.

15-9 — Reserved. Don't care.

8 WP 0 Allow reads and writes

7 — Reserved

6 Ch 1 Disable CPU space access

5 AM 1 Disable alternate master access

4 SC 1 Disable supervisor code accesses

3 SD 0 Enable supervisor data accesses

2 uc 1 Disable user code accesses

1 ub 0 Enable user data accesses

0 \Y 1 Enable accesses.
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11.5.5 Mode Register Initialization

When DACR[IMRS] is set, a bus cycle initializes the mode register. If the mode register
setting is read on A[10:0] of the SDRAM on the first bus cycle, the bit settings on the
corresponding MCF5307 address pins must be determined while being aware of masking
requirements.

Table 11-37 lists the desired initialization setting:
Table 11-37. Mode Register Initialization

MCF5307 Pins SDRAM Pins Mode Register Initialization
A20 Al0 Reserved X
A19 A9 wB 0
Al8 A8 Opmode 0
A17 A7 Opmode 0
A9 A6 CASL 0
A10 A5 CASL 0
All A4 CASL 1
Al12 A3 BT 0
A13 A2 BL 0
Al4 Al BL 0
Al15 AO BL 0

Next, thisinformation is mapped to an address to determine the hexadecimal value.

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

Field

Setting| X X X X X X X X X X X X 0 0 0 X

(hex) 0 0 0 0

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

Field

Setting| 0 0 0 0 1 0 0 X X X X X X X X

(hex) 0 8 0 0
Figure 11-29. Mode Register Mapping to MCF5307 A[31:0]

Although A[31:20] corresponds to the address programmed in DACRO, according to how
DACRO and DMRO are initialized, bit 19 must be set to hit in the SDRAM. Thus, before
the mode register bit is set, DMRO[19] must be set to enable masking.
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11.5.6 Initialization Code

The following assembly code initializes the SDRAM example.
Power-Up Sequence:

nove.w #0x8026, dO //lnitialize DCR
nmove.w dO, DCR
nove. | #0xFF880300, dO //1nitialize DACRO
nove.| dO, DACRO
nmove.| #0x00740075, dO /llnitialize DVRO
nove.| dO, DWMRO
Precharge Sequence:
nove. | #0xFF880308, d0 /1 Set DACRO[ I P]
nmove.| dO, DACRO
nove.| #O0xBEADDEED, dO //Wite to menory location to init. precharge
nove.| dO, OxFF880000
Refresh Sequence:
nmove.| #0xFF888300, dO /1 Enabl e refresh bit in DACRO

nove.| dO, DACRO

Mode Register Initialization Sequence:

nove. | #0x00600075, dO //Mask bit 19 of address

nove.| dO, DWMRO

nove.| #0xFF888340, dO // Enabl e DACRO[ | MRS]; DACRO[ RE] remains set
nove.| dO, DACRO

nove. | #0x00000000, dO // Access SDRAM address to initialize
register

nove.| dO, OxFF800800
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Part Il
Peripheral Module

Intended Audience

Part 11 describesthe operation and configuration of the M CF5307 DMA, timer, UART, and
parallel port modules, and describes how they interface with the system integration unit,
described in Part I1.

Contents

Part I11 contains the following chapters:

e Chapter 12, “DMA Controller Module,” provides an overview of the DMA
controller module and describesin detail itssignalsand registers. Thelatter sections
of this chapter describe operations, features, and supported data transfer modesin
detail, showing timing diagrams for various operations.

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

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

e Chapter 15, “Paralé Port (General-Purpose I/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.
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Acronyms and Abbreviations
Table I11-i describes acronyms and abbreviations used in Part 1.

Table lll-i. Acronyms and Abbreviated Terms
Term Meaning
ADC Analog-to-digital conversion
BIST Built-in self test
CODEC Code/decode
DAC Digital-to-analog conversion
DMA Direct memory access
DSP Digital signal processing
EDO Extended data output (DRAM)
FIFO First-in, first-out
GPIO
12c 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
msh Most-significant bit
Mux Multiplex
NOP No operation
OEP Operand execution pipeline
PC Program counter
PCLK Processor clock
PLL Phase-locked loop
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Table lll-i. Acronyms and Abbreviated Terms (Continued)
Term Meaning
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 12
DMA Controller Module

This chapter describes the MCF5307 DMA controller module. It provides an overview of
the 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.

12.1 Overview

The direct memory access (DMA) controller module provides an efficient way to move
blocks of data with minimal processor interaction. The DMA module, shown in
Figure 12-1, provides four channels that allow byte, word, or longword operand transfers.
Each channel has a dedicated set of registers that define the source and destination
addresses (SARN and DARnN), byte count (BCRn), and control and status (DCRn and
DSRn). Transfers can be dua or single address to off-chip devices or dua address to
on-chip devices, such as UART, SDRAM controller, and parallel port.

Channel 0|Channel 1{Channel 2|Channel 3
|nt§IJ;a| SARO SAR1 SAR2 SAR3
<«— | DARO DAR1 DAR2 DAR3 Interrupts
EEE——
External BCRO BCR1 BCR2 BCR3
Requests
DCRO DCR1 DCR2 DCR3
DSRO DSR1 DSR2 DSR3
A
Channel Channel
Requests Attributes
Channel Y
Enables External Bus Address
MUX External Bus Size
MUX A Current Master Attributes
Control
Y
| Arbitration/ Y Y VY
™| Control
Data Path < Interface Bus
Data Path
Control
Read Bus Data Write Bus Data Registered
Bus Signals
Figure 12-1. DMA Signal Diagram
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12.1.1 DMA Module Features

The DMA controller module features are as follows;

» Four fully independent, programmable DMA controller channels/bus modules
» Auto-alignment feature for source or destination accesses

e Dual- and single-address transfers

» Two external request pins (DREQ[1:0]) provided for channels 1 and 0

» Channel arbitration on transfer boundaries

e Datatransfersin 8-, 16-, 32-, or 128-bit blocks using a 16-byte buffer

e Continuous-mode and cycle-steal transfers

 Independent transfer widths for source and destination

* Independent source and destination address registers

» Datatransfer can occur in as few as two clocks

12.2 DMA Signal Description

Table 12-1 briefly describes the DMA module signals that provide handshake control for
either a source or destination external device.

Table 12-1. DMA Signals

Signal lfe} Description
DREQI1:0)/ | External DMA request. DREQ[1:0] can serve as the DMA request inputs or as two parallel port
PP[6:5] bits. They are programmable individually through the PAR. A peripheral device asserts these
inputs to request an operand transfer between it and memory.
DREQ signals are asserted to initiate DMA accesses in the respective channels. The system
should drive unused DREQ signals to logic high. Although each channel has an individual
DREQ signal, in the MCF5307 only channels 0 and 1 connect to external DREQ pins.DREQ
signals for channels 2 and 3 are connected to the UARTO and UART1 bus interrupt signals.
TT[1:0)/ O | Transfer type. A DMA access is indicated by the transfer type pins, TT[1:0] = 01. The transfer
PP[1:0] modifier, TM[2:0] configurations shown below are meaningful only if TT[1:0] = 01, indicating an
external master or DMA access.
TM[2:0] O | Multiplexed transfer attribute pins. The encodings below are valid when TT[1:0] = 01 and
/PP[4:2] internal DMA channels are driving the bus. DMA transfer information on TM[2:1] can be
provided on every DMA transfer or only on the last transfer by programming DCR[AT].
TM[2:1]Encoding
00 DMA acknowledge information not provided
01 DMA transfer, channel 0
10 DMA transfer, channel 1
11 Reserved
TMO Encoding for DMA as master (TT = 01)
0 Single-address access negated
1 Single-address access
For TT[1:0] = 01, the TMO encoding is independent of TM[2:1]. If DCR[SAA] is set, TMO
designates a single-address DMA access.
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12.3 DMA Transfer Overview

The DMA module usually transfers data faster than the ColdFire core can under software
control. The term ‘direct memory access refers to peripheral device's ability to access
system memory directly, greatly improving overall system performance. The DMA module
consists of four independent, functionally equivalent channels, so references to DMA in
this chapter apply to any of the channels. It is not possible to implicitly address al four
channels at once. The MCF5307 on-chip peripherals do not support single-address
transfers.

The processor generates DMA requests internally by setting DCR[START]; a device can
generate a DMA request externally by using DREQ pins. The processor can program bus
bandwidth for each channel. The channels support cycle-steal and continuous transfer
modes; see Section 12.5.1, “Transfer Requests (Cycle-Steal and Continuous Modes).”

The DMA controller supports dual- and single-address transfers as follows. In both, the
DMA channel supports 32 address hits and 32 data bits.

e Dual-address transfers—A dual-address transfer consists of aread followed by a
write and isinitiated by an internal request using the START bit or by an external
device using DREQ. Two types of transfer can occur, aread from a source device or
awrite to a destination device; see Figure 12-2.

Control and Data Memory/
ﬁ— Peripheral
DMA
Memory/
Peripheral
Control and Data

Figure 12-2. Dual-Address Transfer

» Single-address transfers—An external device can initiate a single-address transfer
by asserting DREQ. The MCF5307 provides address and control signals for
single-address transfers. The external device reads to or writes from the specified
address, as Figure 12-3 shows. External logic is required.
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Write:
Control SignalsK \Control Signals
Data ;
Memory = Peripheral
Read:

Control Signalsﬁ Control Signals
Data i
Memory Peripheral

Figure 12-3. Single-Address Transfers

Any operation involving the DMA module follows the same three steps:

1. Channel initialization—Channel registers are loaded with control information,
address pointers, and a byte-transfer count.

2. Datatransfer—The DMA accepts requests for operand transfers and provides
addressing and bus control for the transfers.

3. Channel termination—Occurs after the operation is finished, either successfully or
due to an error. The channel indicates the operation status in the channel’s DSR,
described in Section 12.4.5, “DMA Status Registers (DSRO-DSRS3).”

12.4 DMA Controller Module Programming Model

This section describes each internal register and its bit assignment. Notethat thereisno way
to prevent a write to a control register during a DMA transfer. Table 12-2 shows the
mapping of DMA controller registers. Note the differences for the byte count registers
depending on the value of MPARK[BCR24BIT].
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Table 12-2. Memory Map for DMA Controller Module Registers

DMA

MBAR

Channel | Offset [31:24] [23:16] [15:8] [7:0]
0 0x300 Source address register 0 (SARO) [p. 12-6]
0x304 Destination address register 0 (DARO) [p. 12-7]
0x308 DMA control register 0 (DCRO) [p. 12-8]
0x30C Byte count register 0 (BCR24BIT = 0) 1 Reserved
0x30C Reserved Byte count register 0 (BCR24BIT = 1) 1 (BCRO) [p. 12-7]
0x310 | DMA status register 0 Reserved
(DSRO) [p. 12-10]
0x314 | DMA interrupt vector Reserved
register 0 (DIVRO)
[p. 12-11]
1 0x340 Source address register 1 (SAR1) [p. 12-6]
0x344 Destination address register 1 (DAR1) [p. 12-7]
0x348 DMA control register 1 (DCR1) [p. 12-8]
0x34C Byte count register 1 (BCR24BIT = 0) 1 Reserved
0x34C Reserved Byte count register 1 (BCR24BIT = 1) 1 (BCR1) [p. 12-7]
0x350 | DMA status register 1 Reserved
(DSR1) [p. 12-10]
0x354 | DMA interrupt vector Reserved
register 1 (DIVR1)
[p. 12-11]
2 0x380 Source address register 2 (SAR2) [p. 12-6]
0x384 Destination address register 2 (DAR2) [p. 12-7]
0x388 DMA control register 2 (DCR2) [p. 12-8]
0x38C Byte count register 2 (BCR24BIT = 0) * Reserved
0x38C Reserved Byte count register 2 (BCR24BIT = 1) 1 (BCR2) [p. 12-7]
0x390 | DMA status register 2 Reserved
(DSR2) [p. 12-10]
0x394 | DMA interrupt vector Reserved

register 2 (DIVR2)
[p. 12-11]
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Table 12-2. Memory Map for DMA Controller Module Registers (Continued)

DMA MBAR . . . .
channel | Offset [31:24] [23:16] [15:8] [7:0]
3 0x3CO0 Source address register 3 (SAR3) [p. 12-6]

0x3C4 Destination address register 3 (DAR3) [p. 12-7]
0x3C8 DMA control register 3 (DCR3) [p. 12-8]
0x3CC Byte count register 3 (BCR24BIT = 0) * Reserved
0x3CC Reserved Byte count register 3 (BCR24BIT = 1) 1 (BCR3) [p. 12-7]
0x3D0 | DMA status register 3 Reserved

(DSR3) [p. 12-10]
0x3D4 | DMA interrupt vector Reserved

register 3 (DIVR3)

[p. 12-11]

1 On the original MCF5307 mask set (H55J), the BCR of the DMA channels can accommodate only 16 bits.
However, because the revised MCF5307 supports a 24-bit byte count range, the position of the BCR in the
memory map depends on whether a 16- or 24-bit byte counter is selected. The 24-bit byte count can be
selected by setting BCR24BIT = 1, making DCR[AT] available. The AT bit selects whether DMA channels
assert acknowledge during the entire transfer or only at the final transfer of a DMA transaction.

New applications should take advantage of the full range of the 24-bit byte counter, including the AT bit. The
16-bit byte count option (BCR24BIT = 0) retains compatibility with older MCF5307 revisions.

NOTE:

External masters cannot access M CF5307 on-chip memoriesor
MBAR, but they can access DMA module registers.

12.4.1 Source Address Registers (SARO-SAR3)

SARnN, Figure 12-4, contains the address from which the DMA controller requests data. In
single-address mode, SARnN provides the address regardless of the direction.

31 0
Field SAR
Reset 0000_0000_0000_0000_0000_0000_0000_0000
RIW RIW
Address MBAR + 0x300, 0x340, 0x380, 0x3C0O
Figure 12-4. Source Address Registers (SARnN)
NOTE:

SAR/DAR address ranges cannot be programmed to on-chip
SRAM because it cannot be accessed by on-chip DMA.
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12.4.2 Destination Address Registers (DARO-DAR3)

For dual-address transfers only, DARN, Figure 12-5, holds the address to which the DMA
controller sends data.

31 0
Field DAR
Reset 0000_0000_0000_0000_0000_0000_0000_0000
R/W RIW
Address MBAR + 304, 0x344, 0x384, 0x3C4

Figure 12-5. Destination Address Registers (DARN)

NOTE:

On-chip DMASs do not maintain coherency with MCF5307
caches and so must not transfer data to cacheable memory.

12.4.3 Byte Count Registers (BCR0O-BCR3)

BCRn, Figure 12-6 and Figure 12-7, holds the number of bytes yet to be transferred for a
given block.The offset within the memory map is based on the vaue of
MPARK[BCR24BIT]. BCRn decrements on the successful completion of the address
transfer of either a write transfer in dual-address mode or any transfer in single-address
mode. BCRn decrements by 1, 2, 4, or 16 for byte, word, longword, or line accesses,
respectively.

Figure 12-6 shows BCR for BCR24BIT = 1.

31 24 23 0
Field — BCR
Reset — 0000_0000_0000_0000_0000_0000
R/W R/W
Address MBAR + 0x30C, 0x34C, 0x38C, 0x3AC

Figure 12-6. Byte Count Registers (BCRn)—BCR24BIT =1

Figure 12-7 shows BCR for BCR24BIT = 0.
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Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Field BCR
Reset 0000_0000_0000_0000
RIW
Addr MBAR + 0x30C, 0x34C, 0x38C, Ox3AC

Figure 12-7. BCRn—BCR24BIT =0

DSR[DONE], shown in Figure 12-9, is set when the block transfer is complete.

When atransfer sequenceisinitiated and BCRn[BCR] is not divisible by 16, 4, or 2 when
the DMA is configured for line, longword, or word transfers, respectively, DSRn[CE] is set
and no transfer occurs. See Section 12.4.5, “DMA Status Registers (DSR0-DSR3).”

12.4.4 DMA Control Registers (DCR0O-DCR3)

DCRn, Figure12-8, is used for configuring the DMA controller module. Note that
DCR[AT] isavailable only if BCR24BIT = 1.

31 30 29 28 27 25 24 23 22 21 20 19 18 17 16
Field| INT ‘EEXT‘ cs ‘ AA ‘ BWC ‘SAA‘S_RW‘SINC‘ SSIZE ‘DINC‘ DSIZE ‘START
Reset 0000_0000_0000_0000
R/W R/W

15 14 0
Field| AT 1 —
Reset| 0 N/A
RIW RIW

Address MBAR + 0x308, 0x348, 0x388, 0x3A8

Figure 12-8. DMA Control Registers (DCRn)
1 Available only if BCR24BIT = 1, otherwise reserved.

Table 12-3 describes DCR fields.
Table 12-3. DCRn Field Descriptions

Bits | Name Description

31 INT Interrupt on completion of transfer. Determines whether an interrupt is generated by completing a
transfer or by the occurrence of an error condition.

0 No interrupt is generated.

1 Internal interrupt signal is enabled.

30 EEXT | Enable external request. Care should be taken because a collision can occur between the START

bit and DREQ when EEXT = 1.

0 External request is ignored.

1 Enables external request to initiate transfer. Internal request is always enabled. It is initiated by
writing a 1 to the START bit.
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Table 12-3. DCRn Field Descriptions (Continued)

Bits | Name Description
29 CS Cycle steal.
0 DMA continuously makes read/write transfers until the BCR decrements to 0.
1 Forces a single read/write transfer per request. The request may be internal by setting the START
bit, or external by asserting DREQ.
28 AA Auto-align. AA and SIZE determine whether the source or destination is auto-aligned, that is,
transfers are optimized based on the address and size. See Section 12.5.4.2, “Auto-Alignment.”
0 Auto-align disabled
1 If SSIZE indicates a transfer no smaller than DSIZE, source accesses are auto-aligned;
otherwise, destination accesses are auto-aligned. Source alignment takes precedence over
destination alignment. If auto-alignment is enabled, the appropriate address register increments,
regardless of DINC or SINC.
27-25 | BWC Bandwidth control. Indicates the number of bytes in a block transfer. When the byte count reaches
a multiple of the BWC value, the DMA releases the bus. For example, if BCR24BIT is 0, BWC is
001 (512 bytes or value of 0x0200), and BCR is 0x1000, the bus is relinquished after BCR values of
0x2000, 0x1E00, 0x1C00, 0x1A00, 0x1800, 0x1600, 0x1400, 0x1200, 0x1000, OXOE0O, 0xOCO0,
0x0A00, 0x0800, 0x0600, 0x0400, and 0x0200. If BCR24BIT is 0, BWC is 110, and BCR is 33000,
the bus is released after 232 bytes because the BCR is at 32768, a multiple of 16384.
BWC BCR24BIT=0 BCR24BIT=1
000 DMA has priority. It does not negate its request until its transfer completes.
001 512 16384
010 1024 32768
011 2048 65536
100 4096 131072
101 8192 262144
110 16384 524288
111 32768 1048576
24 SAA Single-address access. Determines whether the DMA channel is in dual- or single-address mode
0 Dual-address mode.
1 Single-address mode. The DMA provides an address from the SAR and directional control, bit
S_RW, to allow two peripherals (one might be memory) to exchange data within a single access.
Data is not stored by the DMA.
23 S_RW | Single-address access read/write value. Valid only if SAA = 1. Specifies the value of the read signal
during single-address accesses. This provides directional control to the bus controller.
0 Forces the read signal to 0.
1 Forces the read signal to 1.
22 SINC Source increment. Controls whether a source address increments after each successful transfer.
0 No change to SAR after a successful transfer.
1 The SAR increments by 1, 2, 4, or 16, as determined by the transfer size.
21-20 | SSIZE | Source size. Determines the data size of the source bus cycle for the DMA control module.
00 Longword
01 Byte
10 Word
11 Line
19 DINC Destination increment. Controls whether a destination address increments after each successful
transfer.
0 No change to the DAR after a successful transfer.
1 The DAR increments by 1, 2, 4, or 16, depending upon the size of the transfer.
18-17 | DSIZE | Destination size. Determines the data size of the destination bus cycle for the DMA controller.
00 Longword
01 Byte
10 Word
11 Line
@> MOTOROLA Chapter 12. DMA Controller Module 12-9

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




Freescale Semlconductor, Inc.
« Controller Module Programming Model

Table 12-3. DCRn Field Descriptions (Continued)

Bits | Name Description

16 START | Start transfer.

0 DMA inactive

1 The DMA begins the transfer in accordance to the values in the control registers. START is
cleared automatically after one clock and is always read as logic 0.

15 AT AT is available only if BCR24BIT = 1.

DMA acknowledge type. Controls whether acknowledge information is provided for the entire

transfer or only the final transfer.

0 Entire transfer. DMA acknowledge information is displayed anytime the channel is selected as the
result of an external request.

1 Final transfer (when BCR reaches zero). For dual-address transfer, the acknowledge information
is displayed for both the read and write cycles.

140 |— Reserved, should be cleared.

12.4.5 DMA Status Registers (DSR0-DSR3)

In response to an event, the DMA controller writes to the appropriate DSRn bit,
Figure 12-9. Only awrite to DSRn[DONE] resultsin action.

7 6 5 4 3 2 1 0
Field — CE BES BED — REQ BSY | DONE
Reset| — 0 0 0 — 0 0 0
R/W R/W
Address MBAR + 0x310, 0x350, 0x390, 0x3D0

Figure 12-9. DMA Status Registers (DSRn)

Table 12-4 describes DSRn fields.
Table 12-4. DSRn Field Descriptions

Bits | Name Description
7 — Reserved, should be cleared.
6 CE Configuration error. Occurs when BCR, SAR, or DAR does not match the requested transfer size,

or if BCR = 0 when the DMA receives a start condition. CE is cleared at hardware reset or by
writing a 1 to DSR[DONE].

0 No configuration error exists.

1 A configuration error has occurred.

5 BES Bus error on source

0 No bus error occurred.

1 The DMA channel terminated with a bus error either during the read portion of a transfer or
during an access in single-address mode (SAA = 1).

4 BED Bus error on destination
0 No bus error occurred.
1 The DMA channel terminated with a bus error during the write portion of a transfer.

3 — Reserved, should be cleared.
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Table 12-4. DSRn Field Descriptions (Continued)

Bits | Name Description

2 REQ Request
0 No request is pending or the channel is currently active. Cleared when the channel is selected.
1 The DMA channel has a transfer remaining and the channel is not selected.

1 BSY Busy
0 DMA channel is inactive. Cleared when the DMA has finished the last transaction.
1 BSY is set the first time the channel is enabled after a transfer is initiated.

0 DONE | Transactions done. Set when all DMA controller transactions complete normally, as determined by

transfer count and error conditions. When BCR reaches zero, DONE is set when the final transfer

completes successfully. DONE can also be used to abort a transfer by resetting the status bits.

When a transfer completes, software must clear DONE before reprogramming the DMA.

0 Writing or reading a 0 has no effect.

1 DMA transfer completed. Writing a 1 to this bit clears all DMA status bits and can be used as an
interrupt handler to clear the DMA interrupt and error bits.

12.4.6 DMA Interrupt Vector Registers (DIVRO-DIVR3)

The contents of aDMA interrupt vector register (DIVRn), Figure 12-10, are driven onto the
internal bus in response to an interrupt acknowledge cycle.

7 0
Field Interrupt Vector Bits
Reset 0000_1111
R/W R/W
Address MBAR + 0x314, 0x354, 0x394, 0x3D4

Figure 12-10. DMA Interrupt Vector Registers (DIVRnN)

12.5 DMA Controller Module Functional Description

In the following discussion, the term ‘DMA request’ implies that DCR[START] or
DCR[EEXT] is set, followed by assertion of DREQ. The START bit is cleared when the
channel begins an internal access.

Beforeinitiating adual -address access, the DMA module verifiesthat DCR[SSIZE,DSIZE]
are consistent with the source and destination addresses. If the source and destination are
not the same size, the configuration error bit, DSR[CE], is also set. If misalignment is
detected, no transfer occurs, CE is set, and, depending on the DCR configuration, an
interrupt event isissued. Note that if the auto-align bit, DCR[AA], is set, error checking is
performed on appropriate registers.

A read/write transfer reads bytes from the source address and writes them to the destination
address. The number of bytesisthe larger of the sizes specified by SSIZE and DSIZE. See
Section 12.4.4, “DMA Control Registers (DCRO-DCR3).”

Source and destination address registers (SAR and DAR) can be programmed in the DCR
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to increment at the completion of a successful transfer. BCR decrements when an address
transfer write completes for a single-address access (DCR[SAA] = 0) or when SAA = 1.

12.5.1 Transfer Requests (Cycle-Steal and Continuous
Modes)

The DMA channel supports internal and external requests. A request is issued by setting
DCR[START] or by asserting DREQ. Setting DCR[EEXT] enables recognition of external
interrupts. Internal interrupts are always recognized. Bus usage is minimized for either
internal or external requests by selecting between cycle-steal and continuous modes.

e Cycle-steal mode (DCR[CS] = 1)—Only one complete transfer from source to
destination occurs for each request. If DCR[EEXT] is set, arequest can be either
internal or external. Internal request is selected by setting DCR[START]. An
external request isinitiated by asserting DREQ while EEXT is set.

¢ Continuous mode (DCR[CS] = 0)—After an internal or external request, the DMA
continuously transfers data until BCR reaches zero or amultiple of DCR[BWC] or
DSR[DONE] is set. If BCR isamultiple of BWC, the DMA request signal is
negated until the bus cycle terminatesto alow theinterna arbiter to switch masters.
DCR[BWC] = 000 specifies the maximum transfer rate; other values specify a
transfer rate limit.

The DMA performsthe specified number of transfers, then relinquishes bus control.
The DMA negatesitsinternal busrequest onthelast transfer beforethe BCR reaches
amultiple of the boundary specified in BWC. On completion, the DMA reassertsits
bus request to regain mastership at the earliest opportunity. The minimum time that
the DMA loses bus control is one bus cycle.

12.5.2 Data Transfer Modes

Each channel supports dual- and single-address transfers, described in the next sections.

12.5.2.1 Dual-Address Transfers

Dual-address transfers consist of a source operand read and a destination operand write.
The DMA controller module begins a dual-address transfer sequence when DCR[SAA] is
cleared during aDMA request. If no error condition exists, DSR[REQ] is set.

e Dual-address read—The DMA controller drives the SAR value onto the internal
address bus. If DCR[SINC] is set, the SAR increments by the appropriate number
of bytes upon a successful read cycle. When the appropriate number of read cycles
complete (multiple reads if the destination size is wider than the source), the DMA
initiates the write portion of the transfer.

If atermination error occurs, DSR[BES,DONE] are set and DMA transactions stop.
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e Dual-address write—The DMA controller drives the DAR value onto the address
bus. If DCR[DINC] is set, DAR increments by the appropriate number of bytes at
the completion of asuccessful write cycle. The BCR decrements by the appropriate
number of bytes. DSR[DONE] is set when BCR reaches zero. If the BCR isgreater
than zero, another read/write transfer isinitiated. If the BCR is amultiple of
DCR[BWC], the DMA request signal is negated until termination of the bus cycle
to alow the internal arbiter to switch masters.

If atermination error occurs, DSR[BES,DONE] are set and DMA transactions stop.
12.5.2.2 Single-Address Transfers

Single-address transfers consist of one DMA bus cycle, allowing either aread or a write
cycle to occur. The DMA controller begins a single-address transfer sequence when
DCR[SAA] is set during a DMA request. If no error condition exists, DSR[REQ] is set.
When the channel is enabled, DSR[BSY] isset and REQ is cleared. SAR contents are then
driven onto the address bus and the value of DCR[S_RW] is driven on R/W. The BCR
decrements on each successful address access until it is zero, when DSR[DONE] is set.

If atermination error occurs, DSR[BES,DONE] are set and DMA transactions stop.

12.5.3 Channel Initialization and Startup

Before a block transfer starts, channel registers must be initialized with information
describing configuration, request-generation method, and the data block.

12.5.3.1 Channel Prioritization

The four DMA channels are prioritized in ascending order (channel O having highest
priority and channel 3 having the lowest) or as determined by DCR[BWC]. If BWC for a
DMA channel is 000, that channel has priority only over the channel immediately
preceding it. For example, if DCR3[BWC] = 000, DMA channel 3 has priority over DMA
channel 2 (assuming DCR2[BWC] = 000) but not over DMA channel 1.

If DCR1[BWC] = DCR2[BWC] = 000, DMA 1 has priority over DMA 0 and DMA 2.
DCR2[BWC] = 000 in this case does not affect prioritization.

Prioritization of simultaneous external requests is either ascending or as determined by
each channel’s BWC bits as described in the previous paragraphs.

12.5.3.2 Programming the DMA Controller Module

Note the following general guidelines for programming the DMA:
» No mechanism exists to prevent writes to control registers during DMA accesses.
« If the BWC of sequentia channels are equal, channel priority isin ascending order.

The SAR isloaded with the source (read) address. If the transfer isfrom aperipheral device
to memory, the source address is the location of the peripheral data register. If the transfer
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is from memory to either a peripheral device or memory, the source address is the starting
address of the datablock. This can be any aligned byte address. In single-address mode, this
dataregister is used regardless of transfer direction.

The DAR should contain the destination (write) address. If the transfer isfrom a peripheral
device to memory, or memory to memory, the DAR is loaded with the starting address of
the data block to be written. If the transfer is from memory to a peripheral device, DAR is
loaded with the address of the peripheral dataregister. Thisaddress can be any aligned byte
address. DAR is not used in single-address mode.

SAR and DAR change after each cycle depending on DCR[SSIZE,DSIZE,SINC,DINC]
and on the starting address. Increment values can be 1, 2, 4, or 16 for byte, word, longword,
or line transfers, respectively. If the address register is programmed to remain unchanged
(no count), the register is not incremented after the data transfer.

BCRN[BCR] must be loaded with the number of byte transfers to occur. It is decremented
by 1, 2, 4, or 16 at the end of each transfer, depending on the transfer size. DSR must be
cleared for channel startup.

As soon as the channel has been initialized, it is started by writing a one to DCR[START]
or asserting DREQ), depending on the status of DCR[EEXT]. Programming the channel for
internal request causes the channel to request the bus and start transferring data
immediately. If the channel is programmed for external request, DREQ must be asserted
before the channel regquests the bus.

Changes to DCR are effective immediately while the channel is active. To avoid problems
with changing aDMA channel setup, writeaoneto DSR[DONE] to stop the DMA channel.

12.5.4 Data Transfer

This section includes timing diagrams that illustrate the interaction of signalsin DMA data
transfers. It also describes auto-alignment and bandwidth control.

12.5.4.1 External Request and Acknowledge Operation

Channels 0 and 1 initiate transfers to an external module by means of DREQ[1:0]. The
request for channels 2 and 3 are connected internally to the UARTO and UART1 interrupt
signals, respectively. If DCR[EEXT] = 1 and the channel is idle, the DMA initiates a
transfer when DREQ is asserted.

Figure 12-11 shows the minimum 4-clock cycle delay from when DREQ is sampled
asserted to when aDMA bus cycle begins. This delay may be longer, depending on DMA
priority, bus arbitration, DRAM refresh operations, and other factors.
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Figure 12-11. DREQ Timing Constraints, Dual-Address DMA Transfer

Although Figure 12-11 does not show TMO signaling aDMA acknowledgement, thissigna
can provide an external request acknowledge response, as shown in subsequent diagrams.

Toinitiate arequest, DREQ need only be asserted long enough to be sampled on onerising
clock edge. However, note the following regarding the negation of DREQ:

* Incycle-stea mode (DCR[CS] = 1), the read/write transaction islimited to asingle
transfer. DREQ must be negated appropriately to avoid generating another request.
— For dual-address transfers, DREQ must be negated before TS is asserted for the
write portion, as shown in Figure 12-11, clock cycle 7.
— For single-addresstransfers, DREQ must be negated before TSis asserted for the
transfer, as shown in Figure 12-13, clock cycle 4.
* Inburst mode, (DCR[CS] = 0), multiple read/write transfers can occur on the bus as
programmed. DREQ need not be negated until DSR[DONE] is set, indicating the

block transfer is complete. Another transfer cannot be initiated until the DMA
registers are reprogrammed.

Figure 12-12 shows a dual-address, peripheral-to-SDRAM DMA transfer. The DMA isnot
parked on the bus, so the diagram shows how the CPU can generate multiple bus cycles
during DMA transfers. It also shows TMOtiming. The TT signal sindicate whether the CPU
(0) or DMA (1) has bus mastership. TM2 indicates dua -address mode.

If DCR[AT] is 1, TM is asserted during the final transfer. If DCR[AT] is 0, TM asserts
during all DMA accesses.
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Figure 12-12. Dual-Address, Peripheral-to-SDRAM, Lower-Priority DMA Transfer

Figure 12-13 shows asingle-address DMA transfer in which the peripheral isreading from
memory. Note that TM2 is high, indicating a single-address transfer. Note that DREQ is
negated in clock 4, before the assertion of TSin clock 6.
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Figure 12-13. Single-Address DMA Transfer

12.5.4.2 Auto-Alignment

Auto-alignment allows block transfers to occur at the optimal size based on the address,
byte count, and programmed size. To use this feature, DCR[AA] must be set. The sourceis
auto-aligned if SSIZE indicates atransfer size larger than DSIZE. Source alignment takes
precedence over the destination when the source and destination sizes are equal . Otherwise,
the destination is auto-aligned. The address register chosen for alignment increments
regardless of the increment value. Configuration error checking is performed on registers
not chosen for aignment.

If BCR isgreater than 16, the address determines transfer size. Bytes, words, or longwords
aretransferred until the addressis aligned to the programmed size boundary, at which time
accesses begin using the programmed size.

If BCR is less than 16 at the start of a transfer, the number of bytes remaining dictates
transfer size. For example, AA = 1, SAR = 0x0001, BCR = 0x00F0, SSIZE = 00
(longword), and DSIZE = 01 (byte). Because SSIZE > DSIZE, the source is auto-aligned.
Error checking is performed on destination registers. The access sequence is as follows:

1. Read byte from 0x0001—write 1 byte, increment SAR.

2. Read word from 0x0002—write 2 bytes, increment SAR.

3. Read longword from 0x0004—write 4 bytes, increment SAR.
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4. Repeat longwords until SAR = 0x00FO.
5. Read byte from OxOOFO—write byte, increment SAR.

If DSIZE is another size, data writes are optimized to write the largest size allowed based
on the address, but not exceeding the configured size.

12.5.4.3 Bandwidth Control

Bandwidth control makes it possible to force the DMA off the bus to alow access to
another device. DCR[BWC] provides seven levels of block transfer sizes. If the BCR
decrementsto amultiple of the decode of the BWC, the DMA bus request negates until the
bus cycle terminates. If arequest is pending, the arbiter may then pass bus mastership to
another device. If auto-alignment is enabled, DCR[AA] = 1, the BCR may skip over the
programmed boundary, in which case, the DMA bus request is not negated.

If BWC = 000, the request signal remains asserted until BCR reaches zero. DMA has
priority over the core. Note that in this scheme, the arbiter can always force the DMA to
relinquish the bus. See Section 6.2.10.1, “ Default Bus Master Park Register (MPARK).”

12.5.5 Termination

An unsuccessful transfer can terminate for one of the following reasons:

e Error conditions—When the MCF5307 encounters aread or write cycle that
terminates with an error condition, DSR[BES] isset for aread and DSR[BED] is set
for awrite before the transfer is halted. If the error occurred in awrite cycle, datain
the internal holding register islost.

* Interrupts—If DCR[INT] is set, the DMA drives the appropriate internal interrupt
signal. The processor can read DSR to determine whether the transfer terminated
successfully or with an error. DSR[DONE] is then written with aoneto clear the
interrupt and the DONE and error bits.
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Chapter 13
Timer Module

This chapter describes the configuration and operation of the two general-purpose timer
modules (timer 0 and timer 1). It includes programming examples.

13.1 Overview

Thetimer modul e incorporates two independent, general -purpose 16-bit timers, timer 0 and
timer 1. The output of an 8-bit prescaler clocks each timer. There are two sets of registers,
one for each timer. The timers can operate from the system bus clock (BCLKO) or from an
external clocking source using one of the TIN signals. If BCLKO is selected, it can be
divided by 16 or 1.

Figure 13-1 isablock diagram of one of the two identical tiSmer modules.

GENERAL-PURPOSE TIMER
System Bus
Clock
(+1 or +16) o . Timer Mode Register (TMRn)
> Timer Prescaler Mode Bits
Clock
TIN »| Generator » Divider
clock
Capture 15 Y 0
Detection Timer Counter (TCNn)
(contains incrementing value)
A A
15 Y Y 0 15 Y 0
TOUT == Timer Capture Register (TCRn) Timer Reference Register (TRRn)
uT = (latches TCN value when triggered by TIN) (reference value for comparison with TCN)
Y Y
TROn = Timer Event Register (TERn)
) (indicates capture or when TCN = TRRn)
Figure 13-1. Timer Block Diagram
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13.1.1 Key Features

Each general-purpose 16-bit timer unit has the following features:

Maximum period of 5.96 seconds at 45 MHz

27-nSresolution at 45 MHz

Programmable sources for the clock input, including external clock

I nput-capture capability with programmable trigger edge on input pin
Output-compare with programmable mode for the output pin

Free run and restart modes

Maskable interrupts on input capture or reference-compare

13.2 General-Purpose Timer Units

The general-purpose timer units provide the following features:

Each timer can be programmed to count and compare to a reference value stored in
aregister or capture the timer value at an edge detected on TIN.

System bus clock can be divided by 16 or 1. This clock isinput to the prescaler.

TIN isfed directly into the 8-bit prescaler. The maximum value of TIN is 1/5 of
CLKIN, as described in Chapter 20, “Electrical Specifications.”

The 8-hit prescaler clock divides the clocking source and is user-programmable
from 1 to 256.

Programmed events generate interrupts.
The timer output signal (TOUT) can be configured to toggle or pulse on an event.

13.3 General-Purpose Timer Programming Model

Thefollowing features are programmable through the timer registers, shownin Table 13-1:

13-2

Prescaler—The prescaler clock input is selected from BCLKO (divided by 1 or 16)
or from the corresponding timer input, TIN. TIN is synchronized to BCLKO. The

synchronization delay is between two and three BCLKO clocks. The corresponding
TMRN[ICLK] selectsthe clock input source. A programmable prescaler dividesthe
clock input by values from 1 to 256. The prescaler is an input to the 16-bit counter.

Capture mode—Each timer has a 16-hit timer capture register (TCRO and TCR1)
that latches the counter value when the corresponding input capture edge detector
senses a defined TIN transition. The capture edge bits (TMRN[CE]) select the type
of transition that triggers the capture, sets the timer event register capture event bit,
TERN[CAP], and issues a maskabl e interrupt.
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« Reference compare—A timer can be configured to count up to areference value, at
which point TERN[REF] is set. If TMRN[ORI] is one, an interrupt isissued. If the
free run/restart bit TMRN[FRR] is set, a new count starts. If it is clear, the timer
keeps running.

* Output mode—When atimer reaches the reference value selected by TMRn[OM],
it can send an output signal on TOUTn. TOUTnN can be an active-low pulse or a
toggle of the current output under program control.

NOTE:

Although external devices cannot access MCF5307 on-chip
memories or MBAR, they can access timer module registers.

The timer module registers, shown in Table 13-1, can be modified at any time.
Table 13-1. General-Purpose Timer Module Memory Map

gﬁ?g [31:24] [23:16] [15:8] [7:0]
0x140 Timer 0 mode register (TMRO) [p. 13-3] Reserved
0x144 Timer 0 reference register (TRRO) [p. 13-4] Reserved
0x148 Timer O capture register (TCRO) [p. 13-4] Reserved
0x14C Timer 0 counter (TCNO) [p. 13-5] Reserved
O0X150 Reserved Timer O event register Reserved
(TERO) [p. 13-5]
0x180 Timer 1 mode register (TMR1) [p. 13-3] Reserved
0x184 Timer 1 reference register (TRR1) [p. 13-4] Reserved
0x188 Timer 1 capture register (TCR1) [p. 13-4] Reserved
0x18C Timer 1 counter (TCN1) [p. 13-5] Reserved
0x190 Reserved Timer 1 event register Reserved
(TER1) [p. 13-5]

13.3.1 Timer Mode Registers (TMRO/TMR1)

Timer mode registers (TMRO/TMR1), Figure 13-2, program the prescaler and various
timer modes.

15 8 7 6 5 4 3 2 1 0
Field PS ‘ CE ‘ oM ‘ORI ‘FRR‘ CLK ‘RST
Reset 0000_0000_0000_0000
RIW RIW
Address MBAR + 0x140 (TMRO); + 0x180 (TMR1)

Figure 13-2. Timer Mode Registers (TMRO/TMR1)
Table 13-2 describes TMRn fields.
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Table 13-2. TMRn Field Descriptions

Bits | Name Description

15-8 PS | Prescaler value. The prescaler is programmed to divide the clock input (BCLKO/(16 or 1) or clock on
TIN) by values from 1 (PS = 0000_0000) to 256 (PS = 1111_1111).

7-6 CE | Capture edge and enable interrupt

00 Disable interrupt on capture event

01 Capture on rising edge only and enable interrupt on capture event
10 Capture on falling edge only and enable interrupt on capture event
11 Capture on any edge and enable interrupt on capture event

5 OM | Output mode
0 Active-low pulse for one BCLKO cycle (22 nS at 45 MHz, 33 nS at 30 MHz, 44 nS at 22.5 MHz).
1 Toggle output.

4 ORI | Output reference interrupt enable. If ORI is set when TERn[REF] = 1, an interrupt occurs.
0 Disable interrupt for reference reached (does not affect interrupt on capture function).
1 Enable interrupt upon reaching the reference value.

3 FRR | Free run/restart
0 Free run. Timer count continues to increment after reaching the reference value.
1 Restart. Timer count is reset immediately after reaching the reference value.

2-1 CLK | Input clock source for the timer

00 Stop count

01 System bus clock divided by 1

10 System bus clock divided by 16. Note that this clock source is not synchronized to the timer; thus
successive time-outs may vary slightly.

11 TIN pin (falling edge)

0 RST | Reset timer. Performs a software timer reset similar to an external reset, although other register
values can still be written while RST = 0. A transition of RST from 1 to O resets register values. The
timer counter is not clocked unless the timer is enabled.

0 Reset timer (software reset)

1 Enable timer

13.3.2 Timer Reference Registers (TRRO/TRR1)

Each timer reference register (TRRO/TRR1), Figure 13-3, contains the reference value
compared with the respective free-running timer counter (TCNO/TCN1) as part of the
output-compare function. The reference value is not matched until TCNn egquals TRRn.

15 0
Field REF
Reset 1111 1111 1111 1111
RIW RIW
Address MBAR + 0x144 (TRRO),+ 0x184 (TRR1)

Figure 13-3. Timer Reference Registers (TRRO/TRR1)

13.3.3 Timer Capture Registers (TCRO/TCR1)

Each timer capture register (TCRO/TCR1), Figure 13-4, latches the corresponding TCNn
value during a capture operation when an edge occurs on TIN, as programmed in TMRn.
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BCLKO is assumed to be the clock source. TIN cannot simultaneously function as a
clocking source and as an input capture pin.

15 0
Field CAP (16-bit capture counter value)
Reset 0000_0000_0000_0000
R/W Read only
Address MBAR + 0x148 (TCRO0); + 0x188 (TCR1)

Figure 13-4. Timer Capture Register (TCRO/TCR1)

13.3.4 Timer Counters (TCNO/TCN1)

The current value of the 16-bit, incrementing timer counters (TCNO/TCN1), Figure 13-5,
can be read anytime without affecting counting. Writing to TCNn clears it. The timer
counter decrements on the clock sourcerising edge (BCLKO + 1, BCLKO =+ 16, or TIN).

15 0
Field 16-bit timer counter value count
Reset 0000_0000_0000_0000
R/W R/W (to reset)
Address MBAR + 0x14C (TCNO); + 0x18C (TCN1)

Figure 13-5. Timer Counters (TCNO/TCN1)

13.3.5 Timer Event Registers (TERO/TER1)

Each timer event register (TERO/TERL), Figure 13-6, reports capture or reference events
eventsthetimer recognizes by setting TERN[CAP] or TERN[REF], which it doesregardless
of the corresponding interrupt-enable bit values, TMRn[ORI,CE].

Writing a 1 to either REF or CAP clearsit (writing a 0 does not affect bit value); both bits
can be cleared at the same time. REF and CAP must be cleared early in the exception
handler, before the timer negates the IRQnN to the interrupt controller.

7 2 1 0
Field — ‘ REF ‘ CAP
Reset 0000_0000
R/W R/W (ones clear/zeros have no effect)
Address MBAR + 0x151 (TERO); + 0x191 (TER1)

Figure 13-6. Timer Event Registers (TERO/TER1)
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Table 13-3 describes TERnN fields.
Table 13-3. TERn Field Descriptions

Bits | Name Description

7-2 — Reserved

1 REF | Output reference event. The counter has reached the TRRn value. Setting TMRn[ORI] enables the
interrupt request caused by this event. Writing a one to REF clears the event condition.

0 CAP | Capture event. The counter value has been latched into TCRn. Setting TMRn[CE] enables the
interrupt request caused by this event. Writing a 1 to CAP clears the event condition.

13.4 Code Example

The following code provides an example of how to initialize timer 0 and how to use the
timer for counting time-out periods.

MBARXx EQU 0x10000 ; Defines the npdul e base address at 0x10000
TMRO EQU MBARXx+0x140; Ti mer O register

TMRL EQU MBARx+0x180 ; Tinmer 1 register

TRRO EQU MBARXx+0x144 ; Ti mer reference register
TRR1 EQU MBARXx+0x184 ; Ti mer reference register
TCRO EQU MBARXx+0x148 ; Ti ner capture register
TCR1 EQU MBARXx+0x188 ; Ti mer capture register
TCNO EQU MBARXx+0x14C ; Ti mer counter

TCN1 EQU MBARXx+0x18C ; Ti ner count er

TERO EQU MBARXx+0x151 ; Ti mer event register
TER1 EQU MBARXx+0x191 ; Ti mer event register

* TMRO is defined as: *

*[ PS] = OxFF, divide clock by 256
*[ CE] = 00di sable interrupt

* =

POFRPORFRORFRO

[oM 0 out put=active-low pul se
*[ORI] = 0, disable ref.interrupt
*[FRR] = 1, restart node enabl ed
*[ CLK] = 10, BCLKQO 16
*[RST] = 0, tinmer 0 disabled

move. w #0xFFOC, DO
move. w DO, TMRO

nmove. w #0x0000, DO; witing to the timer counter with any
nmove. w DO, TCNO ; val ue resets it to