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PREFACE

The MCF5206e ColdFire® Integrated Microprocessor User's Manual describes the
programming, capabilities, and operation of the MCF5206e device. Refer to the ColdFire
Family Programmer’s Reference Manual Rev 1.0 (MCF5200PRMREV1/D) for information
on the ColdFire Family of microprocessors.

CONTENTS
This user manual is organized as follows:

Section 1: Introduction

Section 2: Signal Description

Section 3: ColdFire Core

Section 4: Instruction Cache

Section 5: SRAM

Section 6: Bus Operation

Section 7: DMA Controller Module

Section 8: System Integration Module (SIM)
Section 9: Chip-Select Module

Section 10: Parallel Port (General-Purpose 1/0) Module
Section 11: DRAM Controller

Section 12: UART Modules

Section 13: M-Bus Module

Section 14: Timer Module

Section 15: Debug Support

Section 16: IEEE 1149.1 Test Access Port (JTAG)
Section 17: Electrical Characteristics
Section 18: Mechanical Characteristics
Appendix A: MCF5206e Memory Map
Appendix B: Porting from M68000

Index
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SECTION 1
INTRODUCTION

1.1 BACKGROUND

The MCF5206e integrated microprocessor combines a Version 2 (V2) ColdFire® processor
core with several peripheral functions such as a DRAM controller, timers, general-purpose
I/0O and serial interfaces, debug module, and system integration. Designed for embedded
control applications, the V2 ColdFire core delivers enhanced performance while maintaining
low system costs. To speed program execution, the largeon-chip instruction cache and
SRAM provide one-cycle access to critical code and data. The MCF5206e greatly reduces
the time required for system design and implementation by packaging common system
functions on chip and providing glueless interfaces to 8 bit, 16 bit, and 32 bit DRAM, SRAM,
ROM, and I/O devices.

The MCF5206e is an enhanced version of the MCF5206 processor, with the same
peripheral set, DMA, MAC, Hardware Divide, larger cache, and larger SRAM. It is pin
compatible with the MCF5206, with the DMA pins muxed with Timer O pins. Available in
3.3V, with 5V- tolerant I/O, at speeds of 45 MHz and 54 MHz; higher performance at a lower
price.

The revolutionary ColdFire microprocessor architecture gives cost-sensitive, high-volume
markets new levels of price and performance. Based on the concept of variable-length RISC
technology, ColdFire 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, Motorola incorporated RISC architecture for peak
performance and a simplified version of the variable-length instruction set found in the
M68000 Family for code density and programmer familiarity.

By incorporating a variable-length instruction set architecture, embedded processor
designers using ColdFire processors will enjoy significant system-level advantages over
conventional 32-bit fixed-length RISC architectures. The denser binary code for ColdFire
processors consumes less valuable memory than any 32-bit fixed-length instruction set
RISC processor available. This improved code density means more efficient system
memory use for a given application and requires slower, less costly memory to help achieve
a target performance level.

The integrated peripheral functions provide high performance and flexibility. For starters, the
DRAM controller supports as much as 512 Mbytes of DRAM. The MCF5206e supports both
page-mode and extended-data-out DRAMs. Two channels of DMA allow for fast data

transfer using a programmable burst mode independent of processor execution. The serial
interfaces consist of two programmable full duplex UARTSs and a separate 12ct -compatible
Motorola bus (M-Bus interface). The two 16-bit general-purpose multimode timers provide
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separate input and output signals. For system protection, the processor includes a
programmable 16-bit software watchdog timer and several bus monitors. In addition,
common system functions such as chip selects, interrupt control, bus arbitration, and IEEE
1149.1 Test (JTAG) support are included.

A sophisticated debug interface supports both background-debug mode and real-time trace.
This interface is common to all ColdFire processors and allows common emulator support
across the entire ColdFire Family.

1.2 MCF5206E FEATURES
The primary features of the MCF5206e integrated processor include the following:

* Version 2 ColdFire Processor Core

— Variable-length RISC

— 32-bit data bus

— 16 user-visible 32-bit registers

— Supervisor / User modes for system protection

— Vector base register to relocate exception vector table
— Optimized for high-level language constructs

— 50 MIPS at 54MHz

* Multiply/Accumulate Unit

— Provides high-speed, complex arithmetic processing for simple signal processing
applications

— 1 clock issue with 3-stage execute pipeline

— Supports both 16x16 multiplies and 32x32 multiplies with 32-bit accumulate

» 4 KByte Direct-Mapped Instruction Cache
— Provides one-cycle access to critical code
» 8 KByte On-Chip SRAM
— Provides one-cycle access to critical code and data

» Hardware Divide Module
— Supported divide functions include:

» 32/16, producing a 16-bit quotient and 16-bit remainder;
» 32/32, producing a 32-bit quotient;
e 32/32, producing a 32-bit remainder.

« DRAM Controller

— Programmable refresh timer provides CAS-before-RAS refresh

— Support for 2 separate memory banks

— Support for page-mode DRAMs and extended-data-out (EDO) DRAMs
— Allows external bus master access

L 12Cisa proprietary Philips interface bus.
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« DMA Controller

— Two fully programmable channels

— Supports dual-address and single-address transfers, with 32-bit capability

— Two address pointers per channel that can increment or remain constant

— 16-bit transfer counter per channel

— Operand packing and unpacking supported

— Auto-alignment transfers supported for efficient block movement

— Supports bursting and cycle steal

— Provides two clock-cycle internal access

— Three request mechanisms: Software via register bits; External DREQ; UART
interrupts.

» Two Universal Synchronous/Asynchronous Receiver/Transmitter (UART) Modules

— Full duplex operation

— Baud-rate generator -
— Modem control signals available (CTS, RTS)
— Processor-interrupt capability

» Dual 16-Bit General-Purpose Multimode Timers

— 8-bit prescaler

— Timer input and output pins

— 30 ns resolution with 33 MHz system clock
— Processor-interrupt capability

* Motorola Bus (M-Bus) Module

— Interchip bus interface for EEPROMSs, LCD controllers, A/D converters, keypads
— Compatible with industry-standard 1°C Bus

— Master or slave modes support multiple masters

— Automatic interrupt generation with programmable level

» System Interface

— Glueless bus interface to 8 bit, 16 bit, and 32 bit DRAM, SRAM, ROM, and I/O
devices
— 32-bit internal address bus with 28 bit external bus; chip select and DRAM
— 8 programmable chip selects
— Programmable wait states and port sizes
— Allows external bus masters to access chip selects
— System protection
» 16-bit software watchdog timer with prescaler
* Double bus fault monitor
* Bus timeout monitor
» Spurious interrupt monitor
— Programmabile interrupt controller
* Low interrupt latency
» 3 external interrupt inputs
* Programmable interrupt priority and autovector generator
— IEEE 1149.1 test (JTAG) support

MOTOROLA MCF5206e USER’'S MANUAL 1-3
For More Information On This Product,
Go to: www.freescale.com



Introduction Freescale Semiconductor, Inc.

— 8-bit general-purpose 1/O interface

» System Debug Support

— Real-time trace
— Background debug interface

* Fully Static 3.3-Volt Operation

* Fully 5V tolerant pads on all I/O and address/data buses
» 160 Pin PQFP Package, pin compatible with MCF5206.
* Available at 45 MHz and 54 MHz.

» 3.3V with 5V-tolerant 1/O.

» Extended temperature (-40/+85 Deg C) available.

1.3 FUNCTIONAL BLOCKS
Figure 1-1 is a block diagram of the MCF5206e processor. The paragraphs that follow
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provide an overview of the integrated processor.

CLOCK oo SR -
INPUT CONTROLLER - > CONTROL
wx CHIP :> CHIP
]
JTAG <:> TG 3 3 SELECTS SELECTS
INTERFACE Zg
23 INTERRUPT INTERRUPT
© CONTROLLER SUPPORT
EXTERNAL /‘:> EXTERNAL
4 KBYTE ICACHE BUS INTERFACE BUS
8 KBYTE SRAM
t'\ PARALLEL :VI\ PARALLEL
L PORT INTERFACE
—N UARTS /:l> SERIAL
v INTERFACE
DEBUG
— TIMERS :: > TIMER
SUPPORT
BDM <:"> COLDFIRE
INTERFACE V2 CORE
LN M-BUS /\:> M-BUS
- MODULE INTERFACE
I MAC MODULE \ WA i
— MODULE :: >
I H/W DIVIDE MODULE INTERFACE

Figure 1-1. MCF5206e Block Diagram

1.3.1 ColdFire Processor Core

The ColdFire processor core consists of two independent, decoupled pipeline structures to
maximize performance while minimizing core size.The instruction fetch pipeline (IFP) is a
two-stage pipeline for prefetching instructions. The prefetched instruction stream is then
gated into the two-stage operand execution pipeline (OEP), which decodes the instruction,
fetches the required operands and then executes the required function. Because the IFP
and OEP pipelines are decoupled by an instruction buffer that serves as a FIFO queue, the
IFP can prefetch instructions in advance of their actual use by the OEP, thereby minimizing
time stalled waiting for instructions. The OEP is implemented in a two-stage pipeline
featuring a traditional RISC datapath with a dual-read-ported register file feeding an
arithmetic/logic unit. The MCF5206e also includes MAC and hardware divide instructions
which enhance the mathematical performance.

MOTOROLA MCF5206e USER’'S MANUAL 1-5
For More Information On This Product,
Go to: www.freescale.com



Introduction Freescale Semiconductor, Inc.

1.3.1.1 PROCESSOR STATES. The processor is always in one of four states: normal
processing, exception processing, stopped, or halted. It is in the normal processing state
when executing instructions, fetching instructions and operands, and storing instruction
results.

Exception processing is the transition from program processing to system, interrupt, and
exception handling. Exception processing includes fetching the exception vector, stacking
operations, and refilling the instruction fetch pipe after an exception. The processor enters
exception processing when an exceptional internal condition arises, such as tracing an
instruction, an instruction resulting in a trap, or executing specific instructions. External
conditions, such as interrupts and access errors, also cause exceptions. Exception
processing ends when the first instruction of the exception handler enters the operand
execution pipeline.

Stopped mode is a reduced power operation mode that causes the processor to remain
guiescent until either a reset or nonmasked interrupt occurs. The STOP instruction is used
to enter this operation mode.

The processor halts when it receives an access error or generates an address error while in
the exception processing state. For example, if during exception processing of one access
error another access error occurs, the MCF5206e processor cannot complete the transition
to normal processing nor can it save the internal machine state. The processor assumes that
the system is not operational and halts. Only an external reset can restart a halted
processor. When the processor executes a STOP instruction, it is in a special type of normal
processing state, e.g., one without bus cycles. The processor stops but it does not halt.

The processor can also halt in a restart mode because of background debug mode events.

1.3.1.2 PROGRAMMING MODEL. The ColdFire programming model is separated into two
privilege modes: supervisor and user. The S bit in the status register (SR) indicates the
current privilege mode. The processor identifies a logical address by accessing either the
supervisor or user address space, which differentiates between supervisor and user modes.

Programs access registers based on the indicated mode. User programs can access only
registers specific to the user mode. System software executing in the supervisor mode can
access all registers using the control registers to perform supervisory functions. User
programs are thus restricted from accessing privileged information. The operating system
performs management and service tasks for user programs by coordinating their activities.
This difference allows the supervisor mode to protect system resources from uncontrolled
accesses.

Most instructions execute in either mode but some instructions that have important system
effects are privileged and can execute only in the supervisor mode. For instance, user
programs cannot execute the STOP instructions. To prevent a program executing in user
mode from entering the supervisor mode, instructions that can alter the S bit in the SR are
privileged. The TRAP instructions provide controlled access to operating system services
for user programs.
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Table 1-1. EFFECTIVE ADDRESSING MODES AND CATEGORIES

CATEGORY
ADDRESSING MODES SYNTAX MODE |~ REG.
FIELD | FIELD | pATA| MEMORY | CONTROL | ALTERABLE
Register Direct
Data Dn 000 | reg.no. X — — X
Address An 001 | reg. no. — — — X
Register Indirect
\ddress %n) 010 | reg. no. X X X X
Address with Postincrement (An)+ 011 | reg. no. X X — X
Address with Predecrement —(An) 100 | reg. no. X X — X
Address with Displacement (dqg, An) 101 | reg. no. X X X X
Address Register Indirect with Index )
8-Bit Displacement (dg, An, Xi) 110 | reg. no. X X X X
Program Counter Indirect
with Displacement (dyg, PC) 111 010 X X X —
Program Counter Indirect with Index ]
8-Bit Displacement (dg, PC, Xi) 111 011 X X X —
Absolute Data Addressing
Short (3xx). W 111 000 X X X —
Long (xxx).L 111 001 X X X —
Immediate HxXxx> 111 100 X X — —
MOTOROLA MCF5206e USER’'S MANUAL 1-7
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The processor employs the user mode and the user programming model when it is in normal
processing. During exception processing, the processor changes from user to supervisor
mode. Exception processing saves the current SR value on the stack and then sets the S
bit, forcing the processor into the supervisor mode. To return to the user mode, a system
routine must execute a MOVE to SR, or an RTE, which operate in the supervisor mode,
modifying the S bit of the SR. After these instructions execute, the instruction fetch pipeline
flushes and is refilled from the appropriate address space.

The registers depicted in the programming model (see Figure 1-2) provide operand storage
and control for the ColdFire processor core. The registers are also partitioned into user and
supervisor privilege modes. The user programming model consists of 16 general-purpose,
32 bit registers and two control registers. The supervisor model consists of five more
registers that can be accessed only by code running in supervisor mode.

Only system programmers can use the supervisor programming model to implement
operating system functions and 1/O control. This supervisor/user distinction allows for the
coding of application software that will run without modification on any ColdFire Family
processor. The supervisor programming model contains the control features that system
designers would not want user code to erroneously access as this might effect normal
system operation. Furthermore, the supervisor programming model may need to change
slightly from ColdFire generation to generation to add features or improve performance as
the architecture evolves.
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31 0
DO
D1
D2
D3 DATA
D4 REGISTERS
D5
D6
D7

31 0
A0
Al
A2
A3 ADDRESS
A4 REGISTERS
A5
A6
A7 STACK POINTER

| | PC PROGRAM COUNTER

| | CCR CONDITION CODE REGISTER
USER PROGRAMMING MODEL

15 0
31 19 | (CCR) |SR STATUS REGISTER
‘ MUST BE ZEROS VBR VECTOR BASE REGISTER
CACR CACHE CONTROL REGISTER
ACRO ACCESS CONTROL REGISTER 0
ACR1 ACCESS CONTROL REGISTER 1

Figure 1-2. Programming Model

The user programming model includes eight data registers, seven address registers, and a
stack pointer register. The address registers and stack pointer can be used as base address
registers or software stack pointers, and any of the 16 registers can be used as index
registers. Two control registers are available in the user mode: the program counter (PC),
which contains the address of the instruction that the MCF5206e device is executing, and
the lower byte of the SR, which is accessible as the Condition Code Register (CCR). The
CCR contains the condition codes that reflect the results of a previous operation and can be
used for conditional instruction execution in a program.
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The supervisor programming model includes the upper byte of the SR, which contains
operation control information. The Vector Base Register (VBR) contains the upper 12 bits of
the base address of the exception vector table, which is used in exception processing. The
lower 20 bits of the VBR are forced to zero, allowing the vector table to reside on any 1
Mbyte memory boundary.

The Cache Control Register (CACR) controls enabling of the on-chip cache. Two access
control registers (ACR1, ACRO) allow portions of the address space to be mapped as
noncacheable. See subsections 4.3 and 4.4 for details on these registers.

1.3.1.3 MAC REGISTERS SUMMARY. The processor performs all arithmetic using 2’s
complement, but operands can be signed or unsigned. Registers, memory, or instructions
themselves can contain operands. The operand size for each instruction is either explicitly
encoded in the instruction or implicitly defined by the instruction operation. Table1-3
summarizes the MCF5206e data formats.

Table 1-2. MCF5206e Data Formats

OPERAND DATA FORMAT SIZE
Bit 1 bit
Byte 8 hits
Word 16 bits
Longword 32 hits

1.2.1.4 ADDRESSING CAPABILITIES SUMMARY. The MCF5206e processor supports
seven addressing modes. The register indirect addressing modes support postincrement,
predecrement, offset, and indexing, which are particularly useful for handling data structures
common to sophisticated embedded applications and high-level languages. The program
counter indirect mode also has indexing and offset capabilities. This addressing mode is
typically required to support position-independent software. Besides these addressing
modes, the MCF5206e processor provides index scaling features.

An instruction’s addressing mode can specify the value of an operand or a register
containing the operand. It can also specify how to derive the effective address of an operand
in memory. Each addressing mode has an assembler syntax. Some instructions imply the
addressing mode for an operand. These instructions include the appropriate fields for
operands that use only one addressing mode. Table 1-1 summarizes the specific effective
addressing modes of ColdFire processors. Table 1-2 summarizes the MOVE specific
effective addressing modes.

1.2.1.5 INSTRUCTION SET OVERVIEW. The ColdFire instruction set supports high-level
languages and is optimized for those instructions embedded code most commonly
executes. Table 1-3 lists the notational conventions used throughout this manual, unless
otherwise specified. Table 1-4 provides an alphabetized listing of the ColdFire instruction set
opcode, operation, and syntax. The left operand in the syntax is always the source operand
and the right operand is the destination operand. This instruction set is a simplified version
of the M68K instruction set. The removed instructions include BCD, bit field, logical rotate,
decrement and branch, and integer multiply with a 64-bit result. In addition, nine new MAC
instructions have been added.
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Table 1-3. Notational Conventions

OPCODE WILDCARDS
cc Logical Condition (example: NE for not equal)
REGISTER OPERANDS
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
Rn Any Address or Data Register
Ry,Rx Any source and destination registers, respectively
Rw Any second destination register
Rc Any Control Register (example: VBR is the vector base register)
REGISTER/PORT NAMES
ACC MAC Accumulator
DDATA Debug Data Port
CCR Condition Code Register (lower byte of status register)
MACSR MAC Status Register
MASK Mask Register
PC Program Counter
PST Processor Status Port
SR Status Register
MISCELLANEOUS OPERANDS
#<data> Immediate data following the instruction word(s)
<ea> Effective Address
<ea>y,<ea>X Source and Destination Effective Addresses, respectively
<label> Assembly Program Label
<list> List of registers (example: D3-D0)
<size> Operand data size: Byte (B), Word (W), Longword (L)
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 hits)
>> 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 optional ‘else’ clause is
then <operations> | present, the operations after ‘else’ are Fgerformed. If the condition is false and else is omitted, the instruction performs no
else <operations> operation. Refer to the Bec instruction description as an example.
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SUBFIELDS AND QUALIFIERS
{ Optional Operation
0 Identifies an indirect address
dn Displacement Value, n bits Wide (example: dy4 is a 16 bit displacement)
Address Calculated Effective Address (pointer)
Bit Bit Selection (example: Bit 3 of D0)
LSB Least Significant Bit (example: LSB of D0)
LSwW Least Significant Word
MSB Most Significant Bit
MSW Most Significant Word

CONDITION CODE REGISTER BIT NAMES
Branch Prediction Bit in CCR
Carry Bitin CCR
Negative Bitin CCR
Overflow Bitin CCR
Extend Bitin CCR
Zero Bitin CCR

NIXI </ Z2 0O|T
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Table 1-4. Instruction Set Summary

INSTRUCTION OPERAND SYNTAX OPERAND SIZE OPERATION
ADD Dy,<ea>x 32 Source + Destination — Destination
<ea>y,Dx 32
ADDA <ea>y,Ax 32 Source + Destination — Destination
ADDI #<data>,Dx 32 Immediate Data + Destination — Destination
ADDQ #<data>,<ea>x 32 Immediate Data + Destination — Destination
ADDX Dy,Dx 32 Source + Destination + X — Destination
AND Dy,<ea>x 32 Source & Destination — Destination
<ea>y,Dx 32
ANDI #<data>,Dx 32 Immediate Data & Destination — Destination
ASL Dy,Dx 32 XIC — (Dx<<Dy) ~ 0
#<data>,Dx 32 XIC — (Dx<<#<data>) — 0
ASR Dy,Dx 32 MSB - (Dx >>Dy) — X/C
<data>,Dx 32 MSB - (DX >> #<data>) - XIC
Bce <label> 8,16 If Condition True, ThenPC +2 +d,, - PC
BCHG Dy,<ea>x 8,32 ~(<Bit Number> of Destination) - Z,
#<data>,<ea>x 8,32 Bit of Destination
BCLR Dy,<ea>x 8,32 ~(<Bit Number> of Destination) - Z;
#<data> <ea>x 8,32 0 - Bit of Destination
BRA <label> 8,16 PC+2+d, - PC
BSET Dy,<ea>x 8,32 ~(<Bit Number> of Destination) - Z;
#<data> <ea>x 8,32 1 - Bit of Destination
BSR <label> 8,16 SP -4 - SP; next sequential PC -~ (SP); PC+2+d, - PC
BTST Dy,<ea>x 8,32 ~(<Bit Number> of Destination) — Z
#<data>,<ea>x 8,32
CLR <ea>x 8,16,32 0 — Destination
CMPI #<data>,Dx 32 Destination — Immediate Data
CMP <ea>y,Dx 32 Destination — Source
CMPA <ea>y,Ax 32 Destination — Source
CPUSHL (Ax) none Push and Invalidate Cache Line
DIVS <ea>y,Dx 16 Dx /<ea>y — Dx {16-bit Remainder; 16-hit Quotient}
32 Dx /<ea>y — Dx {32-bit Quotient}
Signed operation
DIVU <ea>y,Dx 16 Dx /<ea>y — Dx {16-bit Remainder; 16-hit Quotient}
Dx /<ea>y — Dx {32-bit Quotient}
Unsigned operation
EOR Dy,<ea>x 32 Source ” Destination — Destination
EORI #<data>,Dx 32 Immediate Data » Destination — Destination
EXT Dx 8 - 16 Sign-Extended Destination — Destination
Dx 16 - 32
EXTB Dx 8 - 32 Sign-Extended Destination — Destination
HALT none none Enter Halted State
JMP <ea> none Address of <ea> - PC
JSR <ea> 32 SP -4 , SP; next sequential PC — (SP); <ea> — PC
LEA <ea>y,Ax 32 <ea> - AX
LINK Ax #<data> 16 SP-4 - SP; Ax - (SP); SP - Ax; SP +d16 — SP
LSL Dy,Dx 32 XIC — (Dx<<Dy) « 0
#<data>,Dx 32 XIC — (Dx<<#<data>) — 0
LSR Dy,Dx 32 0 - (Dx>>Dy) - XIC
#<data>,Dx 32 0 - (Dx>>#<data>) - XI/C
MAC Ry,Rx <shift> 16x16+32 - 32 ACC + (Ry x Rx)}{<< 1|>>1} - ACC
Ry,Rx<shift>,<ea>y,Rw 32 -3 ACC + (Ry x Rx){<< 1| >>1} - ACC; (<ea>y{&MASK}) — Rw
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INSTRUCTION OPERAND SYNTAX OPERAND SIZE OPERATION
SUBX Dy,Dx 32 Destination — Source — X — Destination
SWAP Dx 16 MSW of Dx — — LSW of Dx
TRAP none none SP-4 - SP;PC - (SP);
SP-2 - SP;SR - (SP);
SP -2 - SP; Format - (SP);
Vector Address — PC
TRAPF none none PC+2 - PC
#<data> 16 PC+4 - PC
32 PC+6 — PC
TST <ea>y 8,16,32 Set Condition Codes
UNLK AX 32 Ax - SP; (SP) — Ax;SP+4 . SP
WDDATA <ea>y 8,16,32 <ea>y — DDATA port
WDEBUG <ea>y 2x32 <ea>y — Debug Module

1.3.2 MAC Module

The MAC unit provides a common set of simple DSP operations and speeds the execution
of the integer multiply instructions in the ColdFire core. It provides functionality in three
related areas: faster multiplications of signed and unsigned operands; and new
miscellaneous register operations. Multiplies of 16x16 and 32x32 with 32-bit accumulates
are supported. The MAC has a single clock issue for 16x16 multiplies and implements a 3-
stage execution pipeline.

1.3.3 Hardware Divide Module

The MCF5206e processor includes a hardware divider which performs a number of interger
divide operations. The supported divide functions include: 32/16 producing a 16-bit quotient
and 16-bit remainder, 32/32 producing a 32-bit quotient, and 32/32 producing a 32-bit
remainder.

The hardware divide function provides enhanced functionality, particularly in printing
applications. With graphics-based printing this has resulted in as much as 15 percent
performance improvement.

1.3.4 Instruction Cache

The instruction cache improves system performance by providing cached instructions to the
execution unit in a single clock. The MCF5206e processor uses a 4K-byte, direct-mapped
instruction cache to achieve 50 MIPS at 54MHz. The cache is accessed by physical
addresses, where each 16-byte line consists of an address tag and a valid bit.

The instruction cache also includes a bursting interface for 32 bit, 16 bit, and 8 bit port sizes
to quickly fill cache lines.

1.3.5 Internal SRAM

The 8 KByte on-chip SRAM provides one clock-cycle access for the ColdFire core. This
SRAM can store processor stack and critical code or data segments to maximize
performance.
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1.3.6 DRAM Controller

The MCF5206e DRAM controller provides a glueless interface for as many as two banks of
DRAM, each of which can be from 128 Kbytes to 256 Mbytes in size. The controller supports
an 8 bit, 16 bit, or 32 bit data bus. A unique addressing scheme allows for increases in
system memory size without rerouting address lines and rewiring boards. The controller
operates in fast page mode, burst-page mode, or in normal mode, and supports EDO
DRAMSs.

DRAM operations are available to other external bus masters. The DRAM controller can
generate CAS and RAS for an external master and can continue to manage refresh
requests.

1.3.7 Direct Memory Access (DMA)

The MCF5206e provides 2 fully programmable DMA channels for quick data transfer.
Single- and dual-address mode is provided with the ability to program bursting and cycle
steal. Data transfers are 32 bits in length with packing and unpacking supported, along with
an auto-alignment option for efficient block transfers. DMA transfers can be initiated via
three mechanisms: S/W initiated; external requests; or from a UART interrupt.

1.3.8 UART modules

Two full duplex UART modules contain independent receivers and transmitters that can be
clocked by the UART internal timer. This timer is clocked by the system clock or an external
clock supplied by aTIN pin. Data formats can be 5, 6, 7, or 8 bits with even, odd, or no parity,
and as many as 2 stop bits in 1/16 increments. Four-byte receive buffers and two-byte
transmit buffers minimize CPU service calls. The UART modules also provides several
error-detection and maskable-interrupt capabilities. Modem support includes request-to-
send (RTS) and clear-to-send (CTS) lines.

The system clock provides the clocking function via a programmable prescaler. You can
select full duplex, autoecho loopback, local loopback, and remote loopback modes. The
programmable UARTSs can interrupt the CPU on various normal or error-condition events.

1.3.9 Timer Module

The timer module includes two general-purpose timers, each of which contains a free-
running 16-bit timer for use in any of three modes. One mode captures the timer value with
an external event. Another mode triggers an external signal or interrupts the CPU when the
timer reaches a set value, while a third mode counts external events. The timer unit has an
8-bit prescaler that allows for programming the clock input frequency, which is derived from
the system clock. The programmable timer-output pin generates either an active-low pulse
or toggles the output.

1.3.10 Motorola Bus (M-Bus) Module

The M-Bus interface is a two-wire, bidirectional serial bus that exchanges data between
devices and is compatible with the 12C Bus standard. The M-Bus minimizes the
interconnection between devices in the end system and is best suited for applications that
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need occasional bursts of rapid communication over short distances among several
devices. Bus capacitance and the number of unique addresses limit the maximum
communication length and the number of devices that can be connected.

1.3.11 System Interface

The MCF5206e processor provides a glueless interface to 8-, 16-, and 32-bit SRAM, ROM,
and peripheral devices with independent programmable control of the assertion and
negation of chip selects and write enables. Programmable address and data-hold times can
be extended for a compatible interface to external devices and memory. The MCF5206e
also supports bursting ROMs.

1.3.11.1 EXTERNAL BUS INTERFACE. The bus interface controller transfers information
between the ColdFire core and memory, peripherals, or other masters on the external bus.
The external bus interface provides as many as 28 bits of address bus space, a 32-bit data
bus, and all associated control signals. This interface implements an extended synchronous
protocol that supports bursting operations. For nonsynchronous external memory and
peripherals, the MCF5206e processor provides an alternate asynchronous bus transfer
acknowledgment signal.

Simple two-wire request/acknowledge bus arbitration between the MCF5206e processor
and another bus master, such as a DMA device, is glueless with arbitration handled internal
to the MCF5206e processor. Alternately, an external bus arbiter can control more complex
three-wire (request, grant, busy) multiple-master bus arbitration, allowing overlapped bus
arbitration with one clock-bus handovers.

1.3.11.2 CHIP SELECTS . Eight programmable chip select outputs provide signals that
enable external memory and peripheral circuits for automatic wait-state insertion. These
signals also interface to 8 bit, 16 bit, or 32 bit ports. In addition, other external bus masters
can access chip selects. The upper four chip selects are multiplexed with A[27:24] of the
address bus and the four write enables. The base address, access permissions, and timing
waveforms are all programmable with configuration registers.

1.3.12 8-Bit Parallel Port (General-Purpose 1/0)

An 8-bit general-purpose programmable parallel port serves as either an input or an output
on a bit-by-bit basis. The parallel port is multiplexed with PST[3:0] and DDATA[3:0] debug
signals.

1.3.13 Interrupt Controller

The interrupt controller provides user-programmable control of three or seven external
interrupt and five internal peripheral interrupts. You can program each internal interrupt to
any one of seven interrupt levels and four priority levels within each of these levels. You can
configure the three external interrupt signals as either fixed interrupt levels 1, 4, and 7, or as
a seven-level encoded interrupt. You can program the external interrupts to any one of the
four priority levels within the respective interrupt levels.
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1.3.14 System Protection

The MCF5206e processor contains a 16-bit software watchdog timer with an 8-bit prescaler.
The programmable software watchdog timer provides either a level 7 interrupt or a hardware
reset on timeout. The MCF5206e processor also contains a reset status register that
indicates the cause of the last reset.

1.3.15 JTAG

To help with system diagnostics and manufacturing testing, the MCF5206e processor
includes dedicated user-accessible test logic that complies with the IEEE 1149.1 standard
for boundary scan testability, often referred to as Joint Test Action Group, or JTAG. For
more information, refer to the IEEE 1149.1 standard.

1.3.16 System Debug Interface

The ColdFire processor core debug interface supports real-time trace and background
debug mode. A four-pin Background Debug Mode (BDM) interface provides system debug.
The BDM is a proper subset of the BDM interface provided on Motorola’s 683XX Family of
parts.

In real-time trace, four status lines provide information on processor activity in real time (PST
pins). A 4-bit wide debug data bus (DDATA) displays operand data, which helps track the
machine’s dynamic execution path as the change-of-flow instructions execute. These
signals are multiplexed with an 8-bit parallel port for application development, which does
not use real-time trace.

1.3.17 Pinout and Package

The MCF5206e device is supplied in a 160-pin plastic quad flat pack package, at speeds of
45 MHz and 54 MHz, and is pin-compatible with the MCF5206 (DMA is muxed with timer).
It is available in 3.3V, with 5V-tolerant 1/O.
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SECTION 2
SIGNAL DESCRIPTION

2.1 INTRODUCTION

Figure 2-1 displays the block diagram of the MCF5206e along with the signal interface. This
section describes the MCF5206e input and output signals. The descriptions are grouped

according to functionality (refer to Table 2-1).
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Figure 2-1. MCF5206e Block Diagram
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NOTE

The terms assert and negate are used throughout this section
to avoid confusion when dealing with a mixture of active-low
and active-high signals. The term assert or assertion indicates
that a signal is active or true, independent of the level
represented by a high or low voltage. The term negate or
negation indicates that a signal is inactive or false.

Table 2-1. MCF5206e Signal Index

INPUT/
SIGNAL NAME MNEMONIC FUNCTION OUTPUT
Address[27:24])/ A[27:24)/ Upper four bits of the address bus/ In,Out/
Chip Select[7:4]/ CS[7:4]/ Upper four chip selects enable peripherals at programmed addresses/ Out/
Write Enable[3:0] WE[3:0] Write enables select individual bytes in memory Out
Address A[23:0] Lower 24 bits of the address bus. A[4:2] indicate the interrupt level In.out
during an IACK cycle '
Data D[31.0] Data bus used to transfer byte, word, or longword data In,Out
Chip Select[3:0] CS[3:.0] Enables peripherals at pro?(rammed addresses. CS[1] can indicate
IACK during an interrupt acknowledge cycle. CS[0] provides relocatable Out
boot ROM capability
Interrupt Priority Level/ IPL[2)/IRQ[7] Provides encoded interrupt priority level to processor/ In/
Interrupt Request IPL[1]IRQ[4] Three individual external interrupts set to levels 7, 4, 1 n
IPL[OJIRQ[1]
Read/Write RIW Identifies read and write data transfers In,Out
Size SIZ[1:.0] Indicates the data transfer size In,Out
Transfer Type TT[1:.0] Indicates the transfer type: normal, CPU space/Interrupt acknowledge or out
emulator mode
Access Type & Mode ATM Time-multiplexed output signal indicating access type (instruction or out
data) and access mode (supervisor or user)
Transfer Start TS Indicates the beginning of a bus cycle In,Out
Transfer Acknowledge TA Synchronous transfer acknowledge. Asserted to indicate the successful In.out
completion of a bus transfer. '
Asynchronous Transfer ATA Asynchronous transfer acknowledge. Asserted to indicate the In
Acknowledge successful completion of a bus transfer
Transfer Error Acknowledge TEA Asserted to indicate an error condition exists for a bus transfer In
Bus Request BR Asserted by the MCF5206e to request bus mastership Out
Bus Grant BG Asserted by bus arbiter to grant bus mastership privileges to the In
MCF5206e
Bus Driven BD Indicates the MCF5206e has assumed explicit bus mastership of the out
external bus
Clock Input CLK Input used to clock internal logic In
Reset RSTI Processor reset In
Row Address Strobe RAS[1:0] Row address strobe for external DRAM Out
Column Address Strobe CAS[3:0] Column address strobe for external DRAM Out
DRAM Write DRAMW Asserted on DRAM write cycles and negated on DRAM read cycles Out
Receive Data RxD[1], RxD[2] Receive serial data input for UART 1 and UART 2 In
Transmit Data TxD[1],TxD[2] Transmit serial data output for UART 1 and UART 2 Out
Request-To-Send RTS[1] Indicates UART 1 is ready to receive data Out
Request-To-Send/ RTS[2J/RSTO RTSindicates UART 2 is ready to receive data/ out/
Reset Out RSTO is the reset out signal Out
Clear-To-Send CTS[1], CTS[2]  |Indicates can transmit serial data for UART 1 and UART 2 In
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Signal Description

Table 2-1. MCF5206e Signal Index (Continued)

INPUT/
SIGNAL NAME MNEMONIC FUNCTION OUTPUT

DMA Request Input DREQ[0], DREQ[1] |External DMA request inputs for channels 0 & 1 In
Timer Input/TIN[1] or DREQ[0] TIN[1], TIN[2] Clock input to timer or trigger input for timer value capture logic In
Timer Output/TOUT([1] or DREQ[1] [TOUTI[1], TOUT[2] |Timer output waveform or pulse generation In,Out
Serial Clock Line SCL Clock signal for M-Bus module operation In,Out
Serial Data Line SDA Serial data port for M-Bus module operation In,Out
General Purpose 1/0/ PP[7:4]/PST[3:0]  |Upper 4 hits of general purpose I/0 port/ In,Out/
Processor Status Internal processor status. Out
General Purpose 1/0/ PP[3:0]/DDATA[3:0]{Lower 4 hits of general purpose I/0 port/ In,Out/
Debug Data Captured processor data and break-point status debug data Out
Test Clock TCK JTAG clock signal In
Test Data Output/ TDO/DSO JTAG serial data out/ Out/
Development Serial Output Debug serial out Out
Test Mode Select/ TMS/BKPT JTAG mode select/ In/
Break Point Debug mode breakpoint In
Test Data Input / TDI/DSI JTAG serial data input/ In/
Development Serial Input Debug serial input In
Test Reset/ TRST/DSCLK Asynchronous JTAG reset input/ In/
Development Serial Clock Debug serial clock input In
Motorola Test Mode MTMOD Selects JTAG or Debug signals In
High Impedance Hiz Output buffer three-state and master reset control In

2.2 ADDRESS BUS

These three-state bidirectional address signals indicate the following:

Table 2-2. Address Bus

TYPE OF BUS TRANSFER/MEMORY SPACE ACCESSED

ADDRESS BUS

Interrupt Acknowledge Transfer

A[27:5] = $7TFFFF, A[1:0]=$0, A[4:2] Interrupt Level being serviced

Chip Select Transfer Address of byte or most significant byte of word or longword being accessed

DRAM Transfer Row Address and Column Address indicating byte or most significant byte of
word or longword being accessed

Default Memory Address of byte or most significant byte of word or longword being accessed

The address bus includes 24 dedicated address signals, A[23:0], and supports as many

as four additional configurable address signals, A[27: 24] (refer to Section 7.3.2.10 Pin

Assignment Register (PAR)). The address will appear only on the pins configured to be

address signals.

When an external master is using the MCF5206e as a slave DRAM controller, the external
master asserts TS and places the transfer address on the address pins. The external

master then three-states the address signals and the MCF5206e drives the row address
and the column address on the address bus at the appropriate times.
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2.2.1 Address Bus (A[27:24]/ CS[7:4]/ WE[0:3])

These multiplexed pins can serve as the most significant nibble of the address pins, chip-
selects, or as write enables. Programming the Pin Assignment Register (PAR) in the SIM
determines the function of each of these four multiplexed pins. During reset, these pins
are configured to be write enables.

When any of these pins are enabled as address lines in the PAR, they represent the most
significant bits of the address bus. A maximum of 256 Mbytes of memory is addressable
when all of these pins are programmed as address signals. Any of these pins that are
programmed as address lines have the same timing as the lower address lines A[23:0].
All address lines become valid during the same clock phase TS is asserted.

2.2.2 Address Bus (A[23:0])

The three-state bidirectional signals are the 24 least significant bits of the address bus.
For chip select and default memory transfers initiated by the ColdFire® core, the
MCF5206e outputs the address and increments the lower bits during burst transfers,
allowing the address bus to be directly connected to external memory. For DRAM
transfers initiated by the ColdFire core, the MCF5206e outputs the row address and
column address as specified by the DRAM control registers.

The MCF5206e does not output the address during alternate or external master initiated
chip select and default memory transfers. When an external master is using the
MCF5206e as a slave DRAM controller, the external master asserts TS and places the
row and column address on the address pins. The external master drives the address
signals to a high-impedence state and the MCF5206e then drives the row address and
the column address on the address bus at the appropriate times.

2.2.3 Data Bus (D[31:0])

The three-state bidirectional signals provide a nonmultiplexed general purpose data path
between the MCF5206e and all other devices in the system. During a read bus transfer,
data is registered from the bus on the rising clock edge during which TA is asserted, or

during the rising clock in which internal asynchronous transfer acknowledge is asserted
or internal transfer acknowledge is asserted.

The data bus port width is initially configured by the values on IPL[1])/IRQ[4] and IPL[O])/
IRQ[1] during reset. Port width is individually programmed for each chip select region and
DRAM bank, and is globally configured for a memory region not matching chip select
settings or DRAM memory, referred to as default memory. The data bus transfers byte,
word, or longword sized data. All 32 bits of the data bus are driven during writes,
regardless of port width or operand size.

2.3 CHIP SELECTS

The MCF5206e provides as many eight programmable chip selects that can directly
interface with SRAM, EPROM, EEPROM, and peripherals.
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2.3.1 Chip Selects (A[27:24]/ CS[7:4]/ WE[0:3])

These multiplexed pins can serve as the most significant nibble of the address pins, chip-
selects, or as write enables. Programming the Pin Assignment Register (PAR) in the SIM
determines the function of each of these four multiplexed pins. During reset, these pins
are configured to be write enables.

The active-low chip select output signals provide control for peripherals and memory. You
can program each chip select for an address location, with masking capabilities, port size
and burst-capability indication, wait-state generation, and internal/external termination. A
reset disables these chip selects.

2.3.2 Chip Selects (E[B:O])

These active-low output signals provide control for peripherals and memory. CS[3] and
CSJ2] are functionally equivalent to the upper order chip selects previously described.
However, CS[1] can also be programmed to assert during CPU space accesses including
interrupt-acknowledge cycles. CS[0] provides a special function as a global chip select
that lets you relocate boot ROM at any defined address space. CS[0] is the only chip
select initialized during reset. Port size and termination (internal vs. external) for CS[0] are
configured by the logic levels on IPL[2)/IRQ][7], IPL[1)/IRQ[4], and IPL[O]}/IRQ[1] during
reset.

2.3.3 Byte Write Enables (A[27:24]/ CS[7:4]/ WE[0:3])

These multiplexed pins can serve as the most significant nibble of the address pins, chip-
selects, or as write enables. Programming the Pin Assignment Register (PAR) in the SIM
determines the function of each of these four multiplexed pins. During reset, these pins
are configured to be write enables.

The active-low write enable output signals provide control for peripherals and memory
during write transfers. During write transfers, these outputs indicate which bytes within a
longword transfer are being selected and which bytes of the data bus will be used for the
transfer. WE[O] controls D[31:24], WE[1] controls D[23:16], WE[2] controls D[15:8] and
WE([3] controls D[7:0]. These generated signals provide byte data select signals that are
decoded from the S1Z[1:0] and A[1:0] signals in addition to the programmed port size and
burst capability of the memory being accessed, as shown in Table 2-3.

2.4 INTERRUPT CONTROL SIGNALS

The interrupt signals supply the external interrupt requests or interrupt level to the
MCF5206e. During reset, these pins configure the processor for the number of wait states
and port size for the boot chip select (CS[0]).
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Table 2-3. Byte Write Enable Signals

WE[0] | WE[1] | WE[2] | WE[3]
D31-D24 | D23-D16 | D15-D8 | D7-DO

TRANSFER SIZE | PORT SIZE BURST SIZ[1] | SIZ[0]

>
=
>
o

[EEN

8- bit

BYTE 16- bit

32- bit

8- bit

WORD

16- it

32 hit
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Signal Description

Table 2-3. Byte Write Enable Signals (Continued)

WE[0] | WE[1] | WE[2] | WE[3]
TRANSFER SIZE | PORTSIZE | BURST | SIZ[1] | SiZ[o] | AL A0
D31-D24 | D23-D16 | D15-D8 | D7-DO
0 0 0 1 1 1
0 1 0 1 1 1
0 0 1
1 0 0 1 1 1
1 1 0 1 1 1
8 bit
' 0 0 0 1 1 1
0 1 0 1 1 1
1 0 0
1 0 0 1 1 1
LONGWORD
1 1 0 1 1 1
0 0 0 0 1 1
0 ! 0 1 0 0 0 1 1
16 bit
] ) ) 0 0 0 0 1 1
1 0 0 0 1 1
. 0 0 0 0 0 0
32 hit
0 0 0 0 0 0
0 0 0 1 1 1
0 1 0 1 1 1
0 0 1
1 0 0 1 1 1
1 1 0 1 1 1
8 bit
0 0 0 1 1 1
0 1 0 1 1 1
1 1 1
1 0 0 1 1 1
LINE
1 1 0 1 1 1
0 0 0 0 1 1
0 1 0
. 1 0 0 0 1 1
16 bit
0 0 0 0 1 1
1 1 1
1 0 0 0 1 1
i 0 0 0 0 0 0
0 0 0 0 0 0

2.4.1 Interrupt Priority Level/ Interrupt Request (IPL[2]/IRQ[7],IPL[1]/

IRQ[4], IPL[O]/IRQ[1])

You can program these three active-low input pins as either interrupt priority level signals
(IPL[2:0]) or predefined interrupt request pins (IRQ[7], IRQ[4], IRQ[1]). Programming the
Pin Assignment Register (PAR) in the SIM determines the function of these pins. During
reset, these pins are configured to be predefined interrupt requests.

When these pins are programmed to be interrupt priority level signals, ﬁ[Z:O] signals the
priority level (7-1) of an external interrupt; IPL[2:0]=000 (level 7) indicates the highest
unmaskable interrupt, while IPL[2:0]=111 (level 0) indicates no interrupt request. When

these pins are programmed to be interrupt request signals, the assertion of IRQ[7]

generates a level 7 interrupt, IRQ[4] generates a level 4 interrupt, and IRQ[1] generates

a level 1 interrupt, as shown in Table 2-4.

MOTOROLA

MCF5206e USER’'S MANUAL
For More Information On This Product,

Go to: www.freescale.com

2-7



Signal Description Freescale Semiconductor, Inc.

Table 2-4. Interrupt Levels for Encoded External Interrupts

— p—— —_— — INTERRUPT LEVEL
IPL[2)/IRQ[7] IPL[1)/IRQ[4] IPL[OJ/IRQ[1] INDICATED

0 0 0 !

0 0 1 6

0 1 0 5

0 1 1 4

1 0 0 3

1 0 1 2

1 1 0 1

1 1 1 No Interrupt

During reset, the interrupt-priority level/interrupt request pins are sampled to define port
size and wait-state generation for CS Tables 2-5 and 2-6 show the reset values for wait
states and port size for CS[0] based on the these pins.

Table 2-5. Boot CS[0] Automatic Acknowledge (AA) Enable

p—
IPL[2) =
RQ[7] INITIAL CS[0] AA
0 Disabled
1 Enabled with 15 wait states

Table 2-6. Interrupt Request Encodings for E[O]

IPL[1]/ | IPLJOY -
IR_Q[[ 43] @[[1]] INITIAL CS[0] PORT SIZE
0 0 32 hit port
0 1 8 bit port
1 0 16 hit port
1 1 16 hit port

2.5 BUS CONTROL SIGNALS

2.5.1 Read/Write (R/W) Signal

This three-state bidirectional signal defines the data transfer direction for the current bus
cycle. A high (logic one) level indicates a read cycle while a low (logic zero) level indicates
a write cycle. When an alternate bus master is controlling the bus, the MCF5206e
monitors this signal to determine if chip select or DRAM control signals need to be
asserted.

2-8 MCF5206e USER’'S MANUAL MOTOROLA
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2.5.2 Size (SIZ[1:0])

These three-state bidirectional signals indicate the transfer data size for the bus cycle.
When an alternate bus master is controlling the bus, the MCF5206e monitors these
signals to determine the data size for asserting the appropriate memory control signals.
Table 2-7 shows the definitions of the S1Z[1:0] encoding.

Table 2-7. Data Transfer Size Encoding

SIZ[1:0] DATA TRANSFER SIZE
00 Longword
01 Byte
10 Word
11 Line

2.5.3 Transfer Type (TT[1:0])

These three-state output signals indicate the type of access for the current bus cycle.
TT[1:0] are not sampled by the MCF5206e during alternate master transfers. Table 2-8
lists the definitions of the TT[1:0] encodings.

Table 2-8. Bus Cycle Transfer Type Encoding

TT[1:0] TRANSFER TYPE
00 Normal Access
01 DMA Access
10 Emulator Access
11 CPU Space or Interrupt Acknowledge

2.5.4 Access Type and Mode (ATM)

This three-state output signal provides supplemental information for each transfer cycle
type. ATM is not sampled by the MCF5206e during alternate master transfers. Table 2-9
lists the encoding for normal, debug and CPU space/interrupt-acknowledge transfer

types.

Table 2-9. ATM Encoding

TRANSFER TYPE INTERNAL TRANSFER MODIFIER ATM (TS=0) | ATM (TS=1)
Supervisor Code 1 1
00 Supervisor Data 0 1
(Normal Access) User Code 1 0
User Data 0 0
MOTOROLA MCF5206e USER’'S MANUAL 2-9
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Table 2-9. ATM Encoding (Continued)

TRANSFER TYPE INTERNAL TRANSFER MODIFIER ATM (TS=0) | ATM(TS=1)

01

(DMA Access) DMA Data 1 0

10 Supervisor Code 1 1

(Debug Access) Supervisor Data 0 1

CPU Space - MOVEC Instruction 0 0

Interrupt Acknowledge - level 7 1 0

Interrupt Acknowledge - level 6 1 0

( CPUlslpace / Interrupt Acknowledge - level 5 1 0

Acknowledge Access) Interrupt Acknowledge - level 4 1 0

Interrupt Acknowledge - level 3 1 0

Interrupt Acknowledge - level 2 1 0

Interrupt Acknowledge - level 1 1 0

2.5.5 Transfer Start (E)

The MCF5206¢ asserts this three-state bidirectional active-low signal for one clock period
to indicate the start of each bus cycle. During alternate master accesses, the MCF5206e
monitors transfer start (TS) to detect the start of each alternate master bus cycle to
determine if chip select or DRAM control signals need to be asserted.

2.5.6 Transfer Acknowledge (ﬁ)

This three-state bidirectional active-low synchronous signal indicates the completion of a
requested data transfer operation. During transfers initiated by the MCF5206e, transfer
acknowledge (TA) is an input signal from the referenced slave device indicating
completion of the transfer.

TA is not used for termination during DRAM accesses initiated by the MCF5206e.

When an external master is controlling the bus, TA may be driven as an output by the
MCF5206e or may be driven by the referenced slave device to indicate the completion of
the requested data transfer. If the alternate master requested transfer is to a chip select
or default memory, the assertion of TA is controlled by the number of wait states and the
setting of the Elternate Master Automatic Acknowledge (EMAA) bit in the Chip Select
Control Registers (CSCRs) or the Default Memory Control Register (DMCR). If the
alternate master requested transfer is a DRAM access, TA is driven by the MCF5206e as
an output and asserted at the completion of the transfer.

2.5.7 Asynchronous Transfer Acknowledge (ATA)

This active-low asynchronous input signal indicates the completion of a requested data
transfer operation. Asynchronous transfer acknowledge (ATA) is an input signal from the
referenced slave device indicating completion of the transfer. ATA is synchronized
internal to the MCF5206e.
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NOTE

The internal synchronized version of asynchronous transfer
acknowledge (ATA) will be referred to as “internal
asynchronous transfer acknowledge (ATA).” Because of the
time required to internally synchronize ATA during a read
cycle, data is latched on the falling edge of CLK when the
internal ATA is asserted. Consequently, data must remain
valid for at least one and a half clock cycles after the assertion
of ATA. Similarly, during a write cycle, data is driven until the
falling edge of CLK when the internal ATA is asserted.

ATA must be driven for one full clockto ensure that the MCF5206e properly synchronizes
the signal. ATA is not used for termination during DRAM accesses.

2.5.8 Transfer Error Acknowledge (TEA)

This active-low input signal is asserted by the external slave to indicate an error condition
for the current transfer. The assertion of transfer error acknowledge (TEA) causes the
MCF5206e to immediately abort the bus cycle. The assertion of TEA has precedence over
the assertion of ATA and TA.

NOTE

TEA can be asserted to a maximum of one clock after the
assertion of ATA and still be recognized.

TEA has no affect during DRAM accesses.

2.6 BUS ARBITRATION SIGNALS
2.6.1 Bus Request (ﬁ)

This active-low output signal indicates to an external arbiter that the MCF5206e needs
use of the bus for one or more bus cycles. BR is negated when the MCF5206e begins an
access to the external bus, and remains negated until another internal request occurs with
BG negated.

2.6.2 Bus Grant (ﬁ)

An external arbiter asserts this active-low input signal to indicate that the MCF5206e can
become master of the external bus at the next rising edge of CLK. When the arbiter
negates BG, the MCF5206e relinquishes the bus as soon as the current transfer is
complete, provided the bus lock bit in the SIMR is not set. If the bus lock bit is set, the
MCF5206e will retain bus mastership until the bus lock bit is cleared. The external arbiter
must not grant the bus to any other master until the MCF5206e negates BD.
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2.6.3 Bus Driven (ﬁ)

The MCF5206e asserts this active-low output signal to indicate it has assumed explicit
mastership of the external bus. The MCF5206e will assert BD if BG is asserted and either
the MCF5206e has a pending bus transfer or the bus lock bit in the SIMR is set to 1. If the
MCF5206e is granted mastership of the external bus, but does not have a pending bus
transfer and the bus lock bit in the SIMR is cleared, the BD signal is not asserted (implicit
mastership of the bus is assumed).

If BG is negated to the MCF5206e during a bus transfer and the bus lock bit in the SIMR
is cleared, the MCF5206e completes the last transfer of the current access, negate BD,
and three-states all bus signals on the rising edge of CLK. If the MCF5206e loses bus
ownership during an idle bus period with BD asserted and the bus lock bit in the SIMR
cleared, the MCF5206e negates BD and three-states all bus signals on the next rising
edge of CLK. If the MCF5206e loses bus ownership during an idle bus period with BD
asserted and the bus lock bit in the SIMR set to 1, the MCF5206e continues to assert BD
and maintains explicit ownership of the external bus until the bus lock bit in the SIMR is
cleared.

2.7 CLOCK AND RESET SIGNALS

2.7.1 Clock Input (CLK)

CLK is the MCF5206e synchronous clock. CLK clocks or sequences the MCF5206e
internal logic and external signals.

2.7.2 Reset (RSTI)

Asserting the active-low RSTI input causes the MCF5206e processor to enter reset
exception processing. When RSTI is recognized, the address bus, data bus, TT, SIZ,
R/W, ATM and TS are three-stated; BR and BD are negated.

If RSTI is asserted with HIZ asserted, the MCF5206e enters master reset mode. In this
reset mode, the entire MCF5206e (including the DRAM controller refresh circuitry) is
reset. You must use master reset for all power-on resets.

If RSTI is asserted with HIZ negated, the MCF5206e enters normal reset mode. In this
reset mode, the DRAM controller refresh circuitry is not reset and continues to generate
refresh cycles at the programmed rate and with the programmed waveform timing.

2.7.3 Reset Out (RTS[2]/RSTO)

RTS[2] is multiplexed with the RSTO signal. Programming the Pin Assignment Register
(PAR) in the SIM determines the function of this pin. During reset, this pin is configured to
be RSTO.

RSTO is an output that drives peripherals to reset. RSTO is asserted no more than two
clocks after the assertion of RSTI, and RSTO remains asserted for at least 31 clocks after
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the negation of RSTI. RSTO is also asserted for at least 31 clocks on a software watchdog
timeout that is programmed to generate a reset.

2.8 DRAM CONTROLLER SIGNALS

The following DRAM signals provide a glueless interface to external DRAM.

2.8.1 Row Address Strobes (RAS[1:0])

These active-low output signals provide control for the row address strobe (RAS) input
pins on industry-standard DRAMs. There is one RAS output for each DRAM bank: RAS[0]
controls DRAM bank 0 and RAS[l] controls DRAM bank 1. You can customize RAS timing
to match the specifications of the DRAM being used by programming the DRAMC Timing
Register (see Section 7.3.2.10 Pin Assignment Register (PAR)).

2.8.2 Column Address Strobes (CAS[3:0])

These active-low output signals provide control for the column address strobe (CAS) input
pins on industry-standard DRAMSs. The CAS signals enable data byte lanes: CAS[0]
controls access to D[31:24], CAS[l] to D[23:16], CAS[2] to D[15:8], and CAS[3] to D[7:0].
You should use CAS[3:0] for a 32 bit wide DRAM bank, CAS[1:0] for a 16 bit wide DRAM
bank, and CASJ0] for an 8 bit wide DRAM bank. Table 2-10 shows which CAS signals are
asserted based on the operand size, the DRAM port size, and the address bits A[1:0]. You
can customize CAS timing to match the specifications of the DRAM by programming the
DRAM Controller Timing Register (see Section 10.4.2.2 DRAM Controller Timing
Register (DCTR)).

Table 2-10. CAS Assertion

CAS[0] | CAS[1] | CAS[2] | CAS[3]

D[31:24] | D[23:16] | D[15:8] | D[7:0]
0 1 1

OPERAND SIZE | PORTSIZE | SIZ[1] | Siz[o] | A[l] | A[0]

[N

8 bit 0 1

BYTE 16 bit 0 1

32 bit 0 1

Rl |o|lo|lr|k|lolo|lkr|kr|lolo
—|lo|lr|lo|lr|lo|lr|lo|lkr|lolr|lo
Pl |lo|lr|lo|lr|lo|lo|lo|lo
Rl |o|lr|lo|lkr|lolkr|k|lk|k
okl
o|lr|r|r|lr|lrkr|lkr|lkr|lk|lk|k~
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Table 2-10. CAS Assertion (Continued)

CAS[0] | CAS[1] | CAS[2] | CAS[3]

D[31:24] | D[23:16] | D[15:8] | D[7:0]
0 1 1

OPERAND SIZE | PORTSIZE | Siz[1] | SIz[o] | All] | A[0]

[N

8 hit 1 0

WORD

16 bit 1 0

32 bit 1 0

8 bit 0 0

LONG WORD

16 bit 0 0

32 bit 0 0

8 hit 1 1

LINE

16 bit 1 1

o|lr|o|r|r|lololo|lr|lo|lr|r|lo|lo|r|lo|lr|o|lr|r|lo|lo
o|lo|lo|r|o|r|lo|lo|lo|lo|r|o|r|lo|lo|lo|o|o|r|o|lr|o
o|lo|o|o|o|o|lo|o|lo|lo|o|lo|o|lo|r|o|lo|lo|lo|o|lo
olo|lo|r|kr|r|lr|lolo|lo|r|kRr|kr|lr|rRr|lolo|lolr|k|F
<IN e e N N =l N R R R I N R R
<IN e e N N =l N R R R I N R R

32 hit 1 1

2.8.3 DRAM Write (DRAMW)

This active-low output signal is asserted during DRAM write cycles and negated during
DRAM read cycles. The DRAMW signal is negated during refresh cycles and is provided
(in addition to the R/W signal) to allow refreshes to occur during non-DRAM cycles
(regardless of the state of the R/W signal). The R/W signal indicates the direction of all
bus transfers, while DRAMW is valid only during DRAM transfers.

2.9 UART MODULE SIGNALS

The signals listed below transfer serial data between the two UART modules (UART 1 and
UART 2) and external peripherals.

2.9.1 Receive Data (RxD[1], RxD[2])

These are the inputs on which serial data is received by the UART modules. RxD[1]
corresponds to UART 1 and RxD[2] corresponds to UART 2. Data is sampled on RxD[1]
and RxDJ[2] on the rising edge of the serial clock source, with the least significant bit
received first.
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2.9.2 Transmit Data (TxD[1], TxD[2])

The UART modules transmit serial data on these outputs. TxD[1] corresponds to UART 1
and TxDJ[2] corresponds to UART 2. Data is transmitted on the falling edge of the serial
clock source, with the least significant bit transmitted (LSB) first. When no data is being
transmitted or the transmitter is disabled, these two signals are held high. TxD[1] and
TxDI[2] are also held high in local loopback mode.

2.9.3 Request To Send (RTS[1], RTS[2]/RSTO)

RTS[2] is multiplexed with the RSTO signal. Programming the Pin Assignment Register
(PAR) in the SIM determines the function of this pin. During reset, this pin is configured to
be RSTO.

The request-to-send output indicates to the peripheral device that the UART module is
ready to receive data. RTS[1] corresponds to UART 1 and RTS[2] corresponds to UART
2.

2.9.4 Clear To Send (CTS[1], CTS[2])

Peripherals drive these inputs to indicate to the UART module that it can begin data
transmission. CTS[1] corresponds to UART 1 and CTS[2] corresponds to UART 2.
2.10 TIMER MODULE SIGNALS

The signal descriptions that follow are the external interface to the two general purpose
timer modules (Timer 1 and Timer 2).

2.10.1 Timer Input (TIN[2], TIN[1])

You can program the timer input to be the clock for the timer module. You can also
program the timer module to trigger a capture on the rising edge, falling edge, or both
edges of the timer input. TIN[1] corresponds to Timer 1 and TIN[2] corresponds to Timer
2. TIN[1] is muxed with DREQ[O0]. The reset state of the dual function TIN[1] pin is for timer
operation.

2.10.2 Timer Output (TOUT[2], TOUT[1])

The programmable timer output pulses or toggles when the timer reaches the
programmed count value. TOUT[1] corresponds to Timer 1 and TOUT][2] corresponds to
Timer 2. The reset state of the dual function TOUT[1] pin is for timer operation.

2.11 DMA MODULE SIGNALS

The signal descriptions that follow are the external interface to the two DMA channels
(DREQIO0] and DREQI1)).

2.11.1 DMA Request (DREQ[0], DREQ[1])

DREQIO0] is multiplexed with the TIN[1] pin and DREQ[1] is multiplexed with the TOUT[1]
pin. Refer to Figure 2.1. The reset state of the timer/DMA dual function pins is for the timer
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mode of operation. Programming the Pin Assignment Register (PAR) in the SIM
determines the function of these pins. The DMA channels can be programmed for single-
and dual-address mode, with the ability to program bursting and cycle steal. Data
transfers are 32 bits in length with packing and unpacking supported, along with an auto-
alignment option for efficient block transfers.

2.12 M-BUS MODULE SIGNALS

The M-Bus module acts as a quick two-wire, bidirectional serial interface between the
MCF5206e and peripherals with an M-Bus interface (e.g., LED controller, A-to-D
converter, D-to-A converter). All devices connected to the M-Bus must have open-drain
or open-collector outputs.

2.12.1 M-Bus Serial Clock (SCL)

This bidirectional, open-drain signal is the clock signal for M-Bus module operation. It is
controlled by the M-Bus module when the bus is in master mode; all M-Bus devices drive
this signal to synchronize M-Bus timing.

2.12.2 M-Bus Serial Data (SDA)

This bidirectional, open-drain signal is the data input/output for the serial M-Bus interface.

2.13 GENERAL PURPOSE 1/0O SIGNALS

2.13.1 General Purpose I/O (PP[7:4]/PST[3:0])

These general purpose I/O signals are multiplexed with the processor status signals,
PST[3:0]. Programming the Pin Assignment Register (PAR) in the SIM determines the
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These outputs indicate the MCF5206e processor status. During debug mode, the timing
is synchronous with the processor clock (CLK) and the status is not related to the current
bus transfer. Table 2-11 shows the encodings of PST[3:0].

Table 2-11. Processor Status Encodings

PST[3:0] DEFINITION
0000 Continue execution
0001 Begin execution of an instruction
0010 Reserved
0011 Entry into user mode
0100 Begin execution of PULSE instruction
0101 Begin execution of taken branch
0110 Reserved
0111 Begin execution of RTE instruction
1000 Reserved
1001 Reserved
1010 Reserved
1011 Reserved
1100 T Exception processing
1101 t Emulator mode entry exception processing
1110 t Processor is stopped, waiting for interrupt
1111 t Processor is halted

T These encodings are asserted for multiple cycles.

2.14.2 Debug Data (PP[3:0]/DDATA[3:0])

The debug data signals are multiplexed with general purpose 1/O signals. Programming
the Pin Assignment Register (PAR) in the SIM determines the function of these pins.
During reset, these pins are configured as general purpose inputs.

The DDATAJ3:0] outputs display captured processor data and breakpoint status. See
Section 15: Debug Support section for additional information on this bus.

2.14.3 Development Serial Clock (TRST/DSCLK)

The MTMOD signal determines the function of this dual-purpose pin. If MTMOD= 0, the
TRST function is selected. If MTMOD=1, the DSCLK function is selected. MTMOD should
not be changed while RSTI = 1.

The DSCLK input signal is used as the development serial clock for the serial interface to
the debug module.The maximum frequency for the DSCLK signal is 1/2 the CLK
frequency. See Section 15: Debug Support section for additional information on this
signal.
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2.14.4 Break Point (TMS/BKPT)

The MTMOD signal determines the function of this dual-purpose pin. If MTMOD = 0, then
the TMS function is selected. If MTMOD =1, the BKPT function is selected. MTMOD
should not change while RSTI = 1.

The assertion of the active-low BKPT input signal causes a hardware breakpoint to occur
in the processor when in the Debug mode. See Section 15: Debug Support section for
additional information on this signal.

2.14.5 Development Serial Input (TDI/DSI)

The MTMOD signal determines the function of this dual-purpose pin. If MTMOD = 0, then
TDI is selected. If MTMOD = 1, then DSl is selected. MTMOD should not change while
RSTI = 1.

The DSI input signal is the serial data input for the Debug module commands. See
Section 15: Debug Support section for additional information on this signal.

2.14.6 Development Serial Output (TDO/DSO)

The MTMOD signal determines the function of this dual-purpose pin. When MTMOD = 0,
TDO is selected. When MTMOD = 1, then DSO is selected. MTMOD should not change
while RSTI = 1.

The DSO output signal is the serial data output for the Debug module responses. See
Section 15: Debug Support section for additional information on this signal.

2.15 JTAG SIGNALS

2.15.1 Test Clock (TCK)

TCK is the dedicated JTAG test logic clock that is independent of the MCF5206e
processor clock. The internal JTAG controller logic is designed such that holding TCK
high or low for an indefinite period of time will not cause the JTAG test logic to lose state
information. TCK should be grounded if it is not used.

2.15.2 Test Reset (TRST/DSCLK)

The MTMOD signal determines the function of this dual-purpose pin. If MTMOD= 0, the
TRST function is selected. If MTMOD=1, the DSCLK function is selected. MTMOD should
not be changed while RSTI = 1.

The assertion of the active-low TRST input pin asynchronously resets the JTAG TAP
controller to the test logic reset state, causing the JTAG instruction register to choose the
“bypass” command. When this occurs, all the JTAG logic is benign and does not interfere
with the normal functionality of the MCF5206e processor. Although this signal is
asynchronous, we recommend that TRST make only a 0 to 1 (asserted to negated)
transition while TMS is held at a logic 1 value. TRST has an internal pullup so that if it is
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not driven low, its value will default to a logic level of 1. However, if JTAG is not used,
TRST can either be tied to ground or, if TCK is clocked, it can be tied to VDD. The former
connection places the JTAG controller in the test logic reset state immediately, while the
latter connection causes the JTAG controller (if TMS is a logic 1) to eventually end up in
the test logic reset state after five clocks of TCK.

2.15.3 Test Mode Select (TMS/BKPT)

The MTMOD signal determines the function of this dual-purpose pin. If MTMOD = 0, then
the TMS function is selected. If MTMOD =1, the BKPT function is selected. MTMOD
should not change while RSTI = 1.

The TMS input signal provides the JTAG controller with information to determine which
test operation should be performed. The value of TMS and the current state of the internal
16-state JTAG controller state machine at the rising edge of TCK determine whether the
JTAG controller holds its current state or advances to the next state. This directly controls
whether JTAG data or instruction operations occur. TMS has an internal pullup so that if
it is not driven low, its value will default to a logic level of 1. However, if TMS is not used,
it should be tied to VDD.

2.15.4 Test Data Input (TDI/DSI)

The MTMOD signal determines the function of this dual-purpose pin. If MTMOD = 0, then
TDI is selected. If MTMOD = 1, then DSl is selected. MTMOD should not change while
RSTI = 1.

The TDI input signal provides the serial data port for loading the various JTAG shift
registers (the boundary scan register, the bypass register, and the instruction register).
Shifting in of data depends on the state of the JTAG controller state machine and the
instruction currently in the instruction register. This data shift occurs on the rising edge of
TCK. TDI also has an internal pullup so that if it is not driven low, its value will default to
a logic level of 1. However, if TDI will not be used, it should be tied to VDD.

2.15.5 Test Data Output (TDO/DSO)

The MTMOD signal determines the function of this dual-purpose pin. When MTMOD =0,
TDO is selected. When MTMOD = 1, then DSO is selected. MTMOD should not change
while RSTI = 1.

The TDO output signal provides the serial data port for outputting data from the JTAG
logic. Shifting out of data depends on the state of the JTAG controller state machine and
the instruction currently in the instruction register. This data shift occurs on the falling edge
of TCK. When TDO is not outputting test data, it is placed in a high-impedence state. TDO
can also be three-stated to allow bussed or parallel connections to other devices having
JTAG.
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2.16 TEST SIGNALS
2.16.1 Motorola Test Mode (MTMOD)

This input signal chooses between the debug and JTAG signals that are multiplexed
together. When MTMOD=1, the MCF5206¢ is in Debug mode and when MTMOD=0, the
MCF5206e is in JTAG mode.

2.16.2 High Impedance (ﬁ)

The assertion of the HIZ input signal forces all output drivers to a high-impedance state
(three-state). The timing on HIZ is independent of the clock. Note that HIZ does not
override JTAG operation; TDO/DSO can be forced to a high-impedance state by asserting
TRST.

If RSTI and HIZ are asserted simultaneously, the MCF5206e enters master reset mode.
In this reset mode, the entire MCF5206e (including the DRAM controller refresh circuitry)
is reset. You must use master reset for all power-on resets.

If RSTl is asserted while HIZ is negated, the MCF5206e enters normal reset mode. In this
reset mode, the DRAM controller refresh circuitry is not reset and continues to generate
refresh cycles at the programmed rate.

2.17 SIGNAL SUMMARY

Table 2-12 provides a summary of the electrical characteristics of the MCF5206e signals.

Table 2-12. MCF5206e Signal Summary

SIGNAL NAME MNEMONIC INPUT/OUTPUT | ACTIVE STATE RESET STATE
Address[27:24]/Chip Select[7:4]/ A[27:24)/ In,Out/ -l Three-stated/
Write Enable[0:3] CS[7:4)/ Out/ Low/ Negated/
WEJ0:3] Out Low Negated
Address A[23:0] In,Out - Three-stated
Data D[31:0] In,Out - Three-stated
Chip Select[3:0] CS[3:0] Out Low Negated
Interrupt Priority Level/ Interrupt IPL[2)/IRQ[7]
Request IPL[1]IRQ[4] In/In Low
IPL[OJIRQI1]
Read/Write RIW In,Out - Three-stated
Size SIZ[1:0] In,Out - Three-stated
Transfer Type TT[L:0] Out - Three-stated
Access Type & Mode ATM Out - Three-stated
Transfer Start TS In,Out Low Three-stated
Transfer Acknowledge TA In,Out Low Three-stated
Asynggré)n%?bjlz dTégnsfer ATA In Low
Transfer Error Acknowledge TEA In Low -
Bus Request BR Out Low Negated
Bus Grant BG In Low
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Signal Description

Table 2-12. MCF5206e Signal Summary (Continued)

SIGNAL NAME MNEMONIC INPUT/OUTPUT | ACTIVE STATE RESET STATE
Bus Driven BD Out Low Negated
Clock Input CLK In
Reset RSTI In Low
Row Address Strobe RAS[1:0] out Low Master Reset - Negated
Normal Reset - Unaffected
Column Address Strobe CAS[3:0] out Low Master Reset - Negated
Normal Reset - Unaffected
DRAM Write DRAMW Out Low Negated
Receive Data RxD[1], RxD[2] In
Transmit Data TxD[1], TxD[2] Out Asserted
Request-To-Send RTS[1] Out Low Negated
Request-To-Send F%_%]/ Cc))tattl IL%VV\(// Asserted
Clear-To-Send CTS[1], CTS[2] In Low
DMA Request Input DREQ[0], DREQ[1] In
Timer Input, DMA Request TIN[1], DREQ[0]] In
Timer Input TIN[2] In
Timer Output, DMA Request | TOUT[1]/DREQI0] Out
Timer Output TOUT[2] Out Asserted
Serial Clock Line SCL In,Out Low Negated
Serial Data Line SDA In,Out Low Negated
General Purpose I/0/ Processor PP[7:4]/ In.Out/ -/
Status PST[3:0] out k Three-stated
e | opeetty | " !
Test Clock TCK In
Test Data Output/Development TDO/ Out/ -/ Three-Stated/
Serial Output DSO Out - Negated
Test Mode Select/ Break Point TMS/ In/ -/ -
BKPT In Low -
Test Data Input / Development TDI/ In/ -l -/
Serial Input DSI In - -
Test Reset/Development Serial TRST/ In/ Low/ -/
Clock DSCLK In . .
Motorola Test Mode MTMOD In
High Impedance HIZ In Low
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SECTION 3
COLDFIRE CORE

This section describes the organization of the Version 2 (V2) ColdFire® 5200 processor core
and an overview of the program-visible registers. For detailed information on instructions,
see the ColdFire Family Programmer’s Reference Manual.

3.1 PROCESSOR PIPELINES

Figure 3-1 is a block diagram showing the processor pipelines of a V2 ColdFire core.
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Figure 3-1. ColdFire Processor Core Pipelines

MCF5206e USER’'S MANUAL 3-1
For More Information On This Product,
Go to: www.freescale.com



ColdFire Core Freescale Semiconductor, Inc.

The processor core is comprised of two separate pipelines that are decoupled by an
instruction buffer. The Instruction Fetch Pipeline (IFP) is responsible for instruction address
generation and instruction fetch. The instruction buffer is a first-in-first-out (FIFO) buffer that
holds prefetched instructions awaiting execution in the Operand Execution Pipeline (OEP).
The OEP includes two pipeline stages. The first stage decodes instructions and selects
operands (DSOC); the second stage (AGEX) performs instruction execution and calculates
operand effective addresses, if needed.

3.2 PROCESSOR REGISTER DESCRIPTION

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

3.2.1 User Programming Model

Figure 3-2 illustrates the user programming model. The model is the same as for M68000
Family microprocessors, consisting of the following registers:

» 16 general-purpose 32-bit registers (DO-D7, AO-A7)
e 32-bit program counter (PC)
 8-bit condition code register (CCR)

3.2.1.1 DATA REGISTERS (D0-D7). Registers DO-D7 are used as data registers for bit (1
bit), byte (8 bit), word (16 bit) and longword (32 bit) operations and can also be used as index
registers.

3.2.1.2 ADDRESS REGISTERS (A0-A6). These registers can be used as software stack
pointers, index registers, or base address registers as well as for word and longword
operations.

3.2.1.3 STACK POINTER (A7). The ColdFire architecture supports a single hardware
stack pointer (A7) for explicit references as well as for implicit ones during stacking for
subroutine calls and returns and exception handling. The initial value of A7 is loaded from
the reset exception vector, address $0. The same register is used for both user and
supervisor mode as well as word and longword operations.

A subroutine call saves the PC on the stack and the return restores it from the stack. Both
the PC and the SR are saved on the stack during the processing of exceptions and
interrupts. The return from exception instruction restores the SR and PC values from the
stack.

3.2.1.4 PROGRAM COUNTER. The PC contains the address of the currently executing
instruction. During instruction execution and exception processing, the processor
automatically increments the contents of the PC or places a new value in the PC, as
appropriate. For some addressing modes, the PC can be used as a pointer for PC-relative
operand addressing.
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Figure 3-2. User Programming Model

3.2.1.5 CONDITION CODE REGISTER . The CCR is the least significant byte of the
processor status register (SR). Bits 4—-0 represent indicator flags based on results generated
by processor operations. Bit 4, the extend bit (X bit), is also used as an input operand during
multiprecision arithmetic computations.

X— extend condition code bit

N- negative condition code bit
Set if the most significant bit of the result is set; otherwise cleared

Z— zero condition code bit
Set if the result equals zero; otherwise cleared

V- overflow condition code bit

Set if an arithmetic overflow occurs implying that the result cannot be represented in the
operand size; otherwise cleared

C— carry condition code bit

Set if a carryout of the operand MSB occurs for an addition, or if a borrow occurs in a
subtraction; otherwise cleared

Set to the value of the C bit for arithmetic operations; otherwise not affected.
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3.2.2 MAC Unit User Programming Model

The MAC portion of the user programming model available on the 5206e microprocessor
core is shown below. It consists of the following registers:

» 32-bit accumulator (ACC)
» 16-bit mask register (MASK)
» 8-bit MAC status register (MACSR)

31 15 7

ACC
MASK
MACSR

Figure 3-3. MAC Unit User Programming Model

3.2.3 Hardware Divide Module

The MCF5206e processor includes a hardware divider which performs a number of integer
divide operations. The supported divide functions include: 32/16 producing a 16-bit quotient
and 16-bit remainder, 32/32 producing a 32-bit quotient, and 32/32 producing 32-bit
remainder.

3.2.4 Supervisor Programming Model

Only system programmers use the supervisor programming model to implement sensitive
operating system functions, I/O control, and memory management. All accesses that affect
the control features of ColdFire processors are in the supervisor programming model, which
consists of the registers available to users as well as the following control registers:

» 16-bit status register (SR)
» 32-bit vector base register (VBR)

31 20 19 0
| | MUST BE ZEROS | VBR VECTOR BASE REGISTER

15 8 7 0
| SystemByte | CCR | SR STATUS REGISTER

Figure 3-4. Supervisor Programming Model

Additional registers may be supported on a part-by-part basis.
The following paragraphs describe the supervisor programming model registers.

3.2.4.1 STATUS REGISTER. The SR stores the processor status and includes the CCR,
the interrupt priority mask, and other control bits. In the supervisor mode, software can
access the entire SR. In user mode, only the lower 8 bits are accessible (CCR). The control
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bits indicate the following states for the processor: trace mode (T-bit), supervisor or user
mode (S bit), and master or interrupt state (M).

| SYSTEM BYTE | CONDITION CODE REGISTER (CCR) |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| T] o] s | m] o] I[2:0] | oJ] o] o | x| N] Z] V] c]

Status Register

T— trace enable
When set, the processor will perform a trace exception after every instruction.

S— supervisor / user state
Denotes whether the processor is in supervisor mode (S=1) or user mode (S=0).

M- master / interrupt state

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

I[2:0]— 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.

3.2.4.2 VECTOR BASE REGISTER (VBR). The VBR contains the base address of the
exception vector table in memory. The displacement of an exception vector is added to the
value in this register to access the vector table. The lower 20 bits of the VBR are not
implemented by ColdFire processors; they are assumed to be zero, forcing the table to be
aligned on a 1 MByte boundary.

3.3 EXCEPTION PROCESSING OVERVIEW

Exception processing for ColdFire processors is streamlined for performance. The ColdFire
processors provide a simplified exception processing model. The next section details the
model.Differences from previous 68000 Family processors include:

» A simplified exception vector table

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

» Use of a single self-aligning system stack

ColdFire processors use an instruction restart exception model but do require more software
support to recover from certain access errors. See subsection 3.5.1 Access Error
Exception for details.

Exception processing is comprised of four major steps and can be defined as the time from
the detection of the fault condition until the fetch of the first handler instruction has been
initiated.
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First, the processor makes an internal copy of the SR and then enters supervisor mode by
asserting the S bit and disabling trace mode by negating the T bit. The occurrence of an
interrupt exception also forces the M bit to be cleared and the interrupt priority mask to be
set to the level of the current interrupt request.

Second, the processor determines the exception vector number. For all faults except
interrupts, the processor performs this calculation based on the exception type. For
interrupts, the processor performs an interrupt-acknowledge (IACK) bus cycle to obtain the
vector number from a peripheral device. The IACK cycle is mapped to a special
acknowledge address space with the interrupt level encoded in the address.

Third, the processor saves the current context by creating an exception stack frame on the
system stack. The V2 Core supports a single stack pointer in the A7 address register;
therefore, there is no notion of separate supervisor or user stack pointers. As a result, the
exception stack frame is created at a 0-modulo-4 address on the top of the current system
stack. Additionally, the processor uses a simplified fixed-length stack frame for all
exceptions. The exception type determines whether the program counter placed in the
exception stack frame defines the location of the faulting instruction (fault) or the address of
the next instruction to be executed (next).

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

ColdFire 5200 processors support a 1024-byte vector table aligned on any 1 Mbyte address
boundary (see Table 3-1). The table contains 256 exception vectors where the first 64 are
defined by Motorola and the remaining 192 are user-defined interrupt vectors.
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Table 3-1. Exception Vector Assignments

STACKED
VECTOR VECTOR PROGRAM ASSIGNMENT
NUMBER(S) OFFSET (HEX) COUNTER
0 $000 - Initial stack pointer
1 $004 - Initial program counter
2 $008 Fault Access error
3 $00C Fault Address error
4 $010 Fault Illegal instruction
57 $014-$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
48-63 $0C0-$0FC - Reserved
64-255 $100-$3FC Next User-defined interrupts

“Fault” refers to the PC of the instruction that caused the exception
“Next” refers to the PC of the next instruction that follows the instruction that caused the fault.

The V2 Core 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.

3.4 EXCEPTION STACK FRAME DEFINITION

The exception stack frame is shown in Figure 3-5. The first longword of the exception stack
frame contains the 16-bit format/vector word (F/V) and the 16-bit status register, and the
second longword contains the 32-bit program counter address.

3 27 25 17 15 0

A7 —>| FORMAT FS[3:0] VECTOR[7:0] FS[1:0] STATUS REGISTER

+304 PROGRAM COUNTER[31:0]

Figure 3-5. Exception Stack Frame Form
The 16-bit format/vector word contains 3 unique fields:

* A 4-bit format field at the top of the system stack is always written with a value of
{4,5,6,7} by the processor indicating a two-longword frame format. See Table 3-2.
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Table 3-2. Format Field Encodings

ORIGINAL A7 @ TIME OF | A7 @ 1ST INSTRUCTION
EXCEPTION,@IDBITS 1:0 @OF HANDLER FORMAT FIELD
00 Original A7 - 8 4
01 Original A7 -9 5
10 Original A7 - 10 6
11 Original A7 - 11 7

* There is a 4-bit fault status field, FS[3:0], at the top of the system stack. This field is
defined for access and address errors only and written as zeros for all other types of
exceptions. See Table 3-3.

Table 3-3. Fault Status Encodings

FS[3:0] DEFINITION
00xx Reserved
0100 Error on instruction fetch
0101 Reserved
011x Reserved
1000 Error on operand write
1001 Attempted write to write-protected space
101x Reserved
1100 Error on operand read
1101 Reserved
111x Reserved

» The 8-bit vector number, vector[7:0], defines the exception type and is calculated by the
processor for all internal faults and represents the value supplied by the peripheral in
the case of an interrupt. Refer to Table 3-1.

3.5 PROCESSOR EXCEPTIONS

3.5.1 Access Error Exception

The exact processor response to an access error depends on the type of memory reference
being performed. For an instruction fetch, the processor postpones the error reporting until
the faulted reference is needed by an instruction for execution. Therefore, faults that occur
during instruction prefetches that are then followed by a change of instruction flow do not
generate an exception. When the processor attempts to execute an instruction with a faulted
opword and/or extension words, the access error is signaled and the instruction aborted. For
this type of exception, the programming model has not been altered by the instruction
generating the access error.

If the access error occurs on an operand read, the processor immediately aborts the current
instruction’s execution and initiates exception processing. In this situation, any address
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register updates attributable to the auto-addressing modes, (e.g., (An)+,-(An)), have already
been performed, so the programming model contains the updated An value. In addition, if
an access error occurs during the execution of a MOVEM instruction loading from memory,
any registers already updated before the fault occurs contains the operands from memory.

The ColdFire processor uses an imprecise reporting mechanism for access errors on
operand writes. Because the actual write cycle may be decoupled from the processor’'s
issuing of the operation, the signaling of an access error appears to be decoupled from the
instruction that generated the write. Accordingly, the PC contained in the exception stack
frame merely represents the location in the program when the access error was signaled.
All programming model updates associated with the write instruction are completed. The
NOP instruction can collect access errors for writes. This instruction delays its execution
until all previous operations, including all pending write operations, are complete. If any
previous write terminates with an access error, it is guaranteed to be reported on the NOP
instruction.

3.5.2 Address Error Exception

Any attempted execution transferring control to an odd instruction address (i.e., if bit O of the
target address is set) results in an address error exception.

Any attempted use of a word-sized index register (Xn.w) or a scale factor of 8 on an indexed
effective addressing mode generates an address error as does an attempted execution of a
full-format indexed addressing mode.

3.5.3 lllegal Instruction Exception

Any attempted execution of the $0000 and the $4AFC opwords generates an illegal
instruction exception. Additionally, any attempted execution of any non-MAC line A and
most line F opcode generates their unique exception types, vector numbers 10 and 11,
respectively. The MCF5206e does not provide illegal instruction detection on the extension
words on any instruction, including MOVEC. If any other nonsupported opcode is executed,
the resulting operation is undefined.

3.5.4 Privilege Violation

The attempted execution of a supervisor mode instruction while in user mode generates a
privilege violation exception. See the ColdFire Programmer’s Reference Manual for lists of
supervisor- and user-mode instructions.

3.5.5 Trace Exception

To aid in program development, the V2 processors provide an instruction-by-instruction
tracing capability. While in trace mode, indicated by the assertion of the T bit in the status
register (SR[15] = 1), the completion of an instruction execution signals a trace exception.
This functionality allows a debugger to monitor program execution.

The single exception to this definition is the STOP instruction. When the STOP opcode is
executed, the processor core waits until an unmasked interrupt request is asserted, then
aborts the pipeline and initiates interrupt exception processing.
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Because ColdFire processors do not support any hardware stacking of multiple exceptions,
it is the responsibility of the operating system to check for trace mode after processing other
exception types. As an example, consider the execution of a TRAP instruction while in trace
mode. The processor will initiate the TRAP exception and then pass control to the
corresponding handler. If the system requires that a trace exception be processed, it is the
responsibility of the TRAP exception handler to check for this condition (SR[15] in the
exception stack frame asserted) and pass control to the trace handler before returning from
the original exception.

3.5.6 Debug Interrupt

This special type of program interrupt is discussed in detail in Section 15: Debug support.
This exception is generated in response to a hardware breakpoint register trigger. The
processor does not generate an IACK cycle but rather calculates the vector number
internally (vector number 12).

3.5.7 RTE and Format Error Exceptions

When an RTE instruction is executed, the processor first examines the 4-bit format field to
validate the frame type. For a ColdFire 5200 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 RTE frame and the
stacked PC pointing to the RTE instruction.

The selection of the format value provides some limited debug support for porting code from
68000 applications. On 680x0 Family processors, the SR was located at the top of the stack.
On those processors, bit[30] of the longword addressed by the system stack pointer is
typically zero. Thus, if an RTE is attempted using this “old” format, it generates a format error
on a ColdFire 5200 processor.

If the format field defines a valid type, the processor: (1) reloads the SR operand, (2) fetches
the second longword operand, (3) adjusts the stack pointer by adding the format value to the
auto-incremented address after the fetch of the first longword, and then (4) transfers control
to the instruction address defined by the second longword operand within the stack frame.

3.5.8 TRAP Instruction Exceptions

The TRAP #n instruction always forces an exception as part of its execution and is useful
for implementing system calls.

3.5.9 Interrupt Exception

The 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 supported through the System
Integration module (SIM). Refer to Section 8: System Integration Module to see if this is
supported on the MCF5206e.
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3.5.10 Fault-on-Fault Halt

If a V2 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.

3.5.11 Reset Exception

Asserting the reset input signal to the processor causes a reset exception. The reset
exception has the highest priority of any exception; it provides for system initialization and
recovery from catastrophic failure. Reset also aborts any processing in progress when the
reset input is recognized. Processing cannot be recovered.

The reset exception places the processor in the supervisor mode by setting the S bit and
disables tracing by clearing the T bit in the SR. This exception also clears the M bit and sets
the processor’s interrupt priority mask in the SR to the highest level (level 7). Next, the VBR
is initialized to zero ($00000000). The control registers specifying the operation of any
memories (e.g., cache and/or RAM modules) connected directly to the processor are
disabled.

Note

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

Once the processor is granted the bus and it does not detect any other alternate masters
taking the bus, the core then performs two longword read bus cycles. The first longword at
address 0 is loaded into the stack pointer and the second longword at address 4 is loaded
into the program counter. 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 is executed, the processor enters the fault-on-fault halted state.

3.6 INSTRUCTION EXECUTION TIMING

This section presents V2 processor instruction execution times in terms of processor core
clock cycles. The number of operand references for each instruction is enclosed in
parentheses following the number of clock cycles. Each timing entry is presented as C(r/w)
where:

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

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

This section includes the assumptions concerning the timing values and the execution time
detalils.
3.6.1 Timing Assumptions

For the timing data presented in this section, the following assumptions apply:
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1. The operand execution pipeline (OEP) is loaded with the opword and all required ex-
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Table 3-5. Move Byte and Word Execution Times
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3.7 STANDARD ONE OPERAND INSTRUCTION EXECUTION TIMES

Table 3-7. One Operand Instruction Execution Times

EFFECTIVE ADDRESS
OPCODE <EA>
RN (AN) (AN)+ -(AN) (D16,AN) | (D8,AN,XN*SF) | XXX.WL #XXX
CLRB <ea> 1(0/0) 1(01) 1(01) 1(01) 1(01) 2(0n) 1(01) —
CLR.W <ea> 1(0/0) 1(01) 1(011) 1(011) 1(01) 2(01) 1(011) —
CLR.L <ea> 1(0/0) 1(01) 1(01) 1(01) 1(01) 2(01) 1(011) —
EXT.W Dx 1(0/0) — — — — — — —
EXT.L Dx 1(0/0) — — — — — — —
EXTB.L Dx 1(0/0) — — — — — — —
NEG.L Dx 1(0/0) — — — — — — —
NEGX.L Dx 1(0/0) — — — — — — —
NOT.L Dx 1(0/0) — — — — — — —
Scc Dx 1(0/0) — — — — — — —
SWAP Dx 1(0/0) — — — — — — —
TSTB <ea> 1(0/0) 3(1/0) 3(1/0) 3(1/0) 3(1/0) 4(1/0) 3(1/0) 1(0/0)
TST.W <ea> 1(0/0) 3(1/0) 3(1/0) 3(1/0) 3(1/0) 4(1/0) 3(1/0) 1(0/0)
TSTL <ea> 1(0/0) 2(1/0) 2(1/0) 2(1/0) 2(1/0) 3(1/0) 2(1/0) 1(0/0)
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Table 3-8. Two Operand Instruction Execution Times

EFFECTIVE ADDRESS
OPCODE A RN (AN) (AN)+ -(AN) (DIGAN) | (D8ANXN'SF) XXXWL | #XXX
(D16,PC) | (D8,PC XN*SF) '
ADD.L <ea>Rx 1(0/0) 3(1/0) 3(1/0) 3(1/0) 3(1/0) 4(1/0) 3(1/0) 1(0/0)
ADD.L Dy,<ea> — 3(11) 3(11) 3(11) 3(11) 4(1/1) 3(11) —
ADDIL | #imm,Dx 1(0/0) — — — — — — —
ADDQ.L | #imm,<ea> 1(0/0) 3(1/1) 3(1/1) 3(11) 3(11) 4(1/1) 3(11) —
ADDX.L Dy,Dx 1(0/0) — — — — — — —
AND.L <ea>Rx 1(0/0) 3(1/0) 3(1/0) 3(1/0) 3(1/0) 4(1/0) 3(1/0) 1(0/0)
AND.L Dy,<ea> — 3(1/1) 3(11) 3(11) 3(11) 4(1/1) 3(11) —
ANDIL | #imm,Dx 1(0/0) — — — — — — —
ASL.L <ea> DX 1(0/0) — — — — — — 1(0/0)
ASR.L <ea>Dx 1(0/0) — — — — — — 1(0/0)
BCHG Dy,<ea> 2(0/0) 4(1/1) 4(1/1) 4(1/1) 4(1/1) 5(111) 4(11) —
BCHG #imm,<ea> 2(0/0) 4(1/1) 4(1/1) 4(1/1) 4(1/1) — — —
BCLR Dy,<ea> 2(0/0) 4(1/1) 4(1/1) 4(1/1) 4(1/1) 5(1/1) 4(n) —
BCLR | #imm<ea> |  2(0/0) 4(1/1) 4(1/1) 4(111) 4(1/1) — — —
BSET Dy,<ea> 2(0/0) 4(1/1) 41/1) 4(1/1) 4(1/1) 5(1/1) 4(1/1) —
BSET #imm,<ea> 2(0/0) 4(11) 4(1/1) 4(1/1) 4(1/1) — — —
BTST Dy,<ea> 2(0/0) 3(11) 3(11) 3(11) 3(11) 4(111) 3(1/1) —
BTST | #imm<ea> | 1(0/0) 3(11) 3(11) 3(11) 3(11) — — 1(0/0)
CMP.L <ea>Rx 1(0/0) 3(1/0) 3(1/0) 3(1/0) 3(1/0) 4(1/0) 3(1/0) 1(0/0)
CMPIL | #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.L <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> 1(0/0) 3(11) 3(11) 3(11) 3(11) 4(1/1) 3(1/1) —
EORIL | #imm,Dx 1(0/0) — — — — — — —
LEA <ea>,Ax — 1(0/0) — — 1(0/0) 2(0/0) 1(0/0) —
LSL.L <ea>Dx 1(0/0) — — — — — — 1(0/0)
LSR.L <ea>Dx 1(0/0) — — — — — — 1(0/0)
MAC.W Ry,Rx 1(0/0) — — — — — — —
MAC.L Ry,Rx 3(0/0) — — — — — — —
MSAC.W Ry,Rx 1(0/0) — — — — — — —
MSAC.L Ry,Rx 3(0/0) — — — — — — —
MAC.W | Ry,Rx,ea,Rw — 3(1/0) 3(1/0) 3(1/0) 3(1/0) — — —
MACL |Ry,Rx,ea,Rw — 5(1/0) 5(1/0) 5(1/0) 5(1/0) — — —
MSAC.W |Ry,Rx.ea,Rw — 3(1/0) 3(1/0) 3(1/0) 3(1/0) — — —
MSAC.L |Ry,Rx.ea,Rw — 5(1/0) 5(1/0) 5(1/0) 5(1/0) — — —
MOVEQ | #imm,Dx — — — — — — — 1(0/0)
MULS.W <ea>,Dx 9(0/0) 11(1/0) 11(1/0) 11(1/0) 11(1/0) 12(1/0) 11(1/0) 9(0/0)
MULU.W <ea>,Dx 9(0/0) 11(1/0) 11(1/0) 11(1/0) 11(1/0) 12(1/0) 11(1/0) 9(0/0)
MULS.L! <ea>,Dx £ 18(0/0) £ 20(1/0) £ 20(1/0) £ 20(1/0) £ 20(1/0) — — —
MULULY | <ea>Dx | £18(0/0) | £20(1/0) | £20(1/0) | £20(1/0) | £ 20(1/0) — — —
ORL <ea>Rx 1(0/0) 3(1/0) 3(1/0) 3(1/0) 3(1/0) 4(1/0) 3(1/0) 1(0/0)
ORL Dy,<ea> — 3(1/1) 3(11) 3(11) 3(11) 4(1/1) 3(1) —
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Table 3-8. Two Operand Instruction Execution Times

EFFECTIVE ADDRESS
OPCODE | <& RN (AN) (AN)+ -(AN) (DIGAN) | (DBANXN'SF) |y i | sxxx
(D16,PC) | (D8,PC,XN*SF) '
ORI.L #imm, DX 1(0/0) — — — — — — —
SUB.L <ea>Rx 1(0/0) 3(1/0) 3(1/0) 3(1/0) 3(1/0) 4(100) 3(1/0) 1(0/0)
SUB.L Dy,<ea> — 3(111) 3(111) 3(111) 3(1/1) A(111) 3(111) —
SUBLL | #mm,Dx 1(0/0) — — — — — — —
SUBQL | #imm<ea>| 1(0/0) 3(111) 3(111) 3(11) 3(11) 4(111) 3(11) —
SUBX.L Dy,Dx 1(0/0) — — — — — — —
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3.9 MISCELLANEOUS INSTRUCTION EXECUTION TIMES

Table 3-9. Miscellaneous Instruction Execution Times

EFFECTIVE ADDRESS
OPCODE|  <EA>
RN (AN) (AN)+ -(AN) (D16,AN) | (D8,AN,XN*SF) | XXX.WL #HXXX
LINKW | Ay#imm 2(0/1) — — — — — — —
MOVE.W| CCR,Dx 1(0/0) — — — — — — —
MOVE.W| <ea>CCR 1(0/0) — — — — — — 1(0/0)
MOVE.W|  SR,Dx 1(0/0) — — — — — — —
MOVE.W| <ea>SR 7(0/0) — — — — — — 7(0/0) 2
MOVEC Ry,Rc 9(0/1) — — — — — — —
MOVEM.L| <ea>,&list — 1+n(n/0) — — 1+n(n/0) — — —
MOVEM.L| &list,<ea> — 1+n(0/n) — — 1+n(0/n) — — —
NOP 3(0/0) — — — — — — —
PEA <ea> — 2(0n) — — 2(01) 4 3(01)° 2(0n) —
PULSE 1(0/0) — — — — — — —
STOP #imm — — — — — — — 3(0/0) 3
TRAP #imm — — — — — — — 15(1/2)
TRAPF 1(0/0) — — — — — — —
TRAPF.W 1(0/0) — — — — — — —
TRAPF.L 1(0/0) — — — — — — —
UNLK AX 2(1/0) — — — — — — —
WDDATA <ea> — 3(1/0) 3(1/0) 3(1/0) 3(1/0) 4(1/0) 3(2/0) 3(2/0)
WDEBUG <ea> — 5(2/0) — — 5(2/0) — — —
n is the number of registers moved by the MOVEM opcode.
1¢ indicates that long multiplies have early termination after 9 cycles; thus, actual cycle count is operand independent
2jf a MOVE.W #imm, SR instruction is executed and imm([13] = 1, the execution time is 1(0/0).
3The execution time for STOP is the time required until the processor begins sampling continuously for interrupts.
“PEA execution times are the same for (d16,PC)
5 PEA execution times are the same for (d8,PC,Xn*SF)
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3.10 BRANCH INSTRUCTION EXECUTION TIMES

Table 3-10. General Branch Instruction Execution Times

EFFECTIVE ADDRESS
OPCODE| <EA> (D16,AN) | (D8,AN,XI*SF)
RN (AN) (AN)+ -(AN) XXX.WL #XXX
(D16,PC) | (D8,PC,XI*SF)
BSR — — — — 3(0/1) — — —
MP | <ea> — 3(0/0) — — 3(0/0) 4(0/0) 3(0/0) —
JSR <ea> — 3(0/1) — — 3(0/1) 4(011) 3(0/1) —
RTE — — 10(2/0) — — — — —
RTS — — 5(1/0) — — — — —
Table 3-11. BRA, Bcc Instruction Execution Times
OPCODE FORWARD FORWARD BACKWARD BACKWARD
TAKEN NOT TAKEN TAKEN NOT TAKEN
BRA 2(0/0) — 2(0/0) —
Bcc 3(0/0) 1(0/0) 2(0/0) 3(0/0)
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SECTION 4
INSTRUCTION CACHE

4.1 FEATURES OF INSTRUCTION CACHE

» 4 KByte Direct-Mapped Cache

» Single-Cycle Access on Cache Hits

« Physically Located on ColdFire® Core's High-Speed Local Bus
* Nonblocking Design to Maximize Performance

» 16 Byte Line-Fill Buffer

» Configurable Cache Miss-Fetch Algorithm

4.2 INSTRUCTION CACHE PHYSICAL ORGANIZATION

The instruction cache is a direct-mapped single-cycle memory, organized as 256 lines, each
containing 16 Bytes. The memory storage consists of a 256-entry tag array (containing
addresses and a valid bit), and the data array containing 4 KBytes of instruction data,
organized as 1024 x 32 bits.

The two memory arrays are accessed in parallel: bits [11:4] of the instruction fetch address
provide the index into the tag array, and bits [11:2] addressing the data array. The tag array
outputs the address mapped to the given cache location along with the valid bit for the line.
This address field is compared to bits [31:12] of the instruction fetch address from the local
bus to determine if a cache hit in the memory array has occurred. If the desired address is
mapped into the cache memory, the output of the data array is driven onto the ColdFire
core's local data bus completing the access in a single cycle.

The tag array maintains a single valid bit per line entry. Accordingly, only entire 16 Byte lines
are loaded into the instruction cache.

The instruction cache also contains a 16 Byte fill buffer that provides temporary storage for
the last line fetched in response to a cache miss. With each instruction fetch, the contents
of the line fill buffer are examined. Thus, each instruction fetch address examines both the
tag memory array and the line fill buffer to see if the desired address is mapped into either
hardware resource. A cache hit in either the memory array or the line-fill buffer is serviced
in a single cycle. Because the line fill buffer maintains valid bits on a longword basis, hits in
the buffer can be serviced immediately without waiting for the entire line to be fetched.

If the referenced address is not contained in the memory array or the line-fill buffer, the
instruction cache initiates the required external fetch operation. In most situations, this is a
16-byte line-sized burst reference.

MOTOROLA MCF5206e USER’'S MANUAL 4-1
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The hardware implementation is a nonblocking design, meaning the ColdFire core's local
bus is released after the initial access of a miss. Thus, the cache or the SRAM module
can service subsequent requests while the remainder of the line is being fetched and

loaded into the fill buffer.

EXTERNAL DATA[31.0]

LINE BUFFER DATA STORAGE

LOCAL ADDRESS BUS
31 11 4:3 210 31 4
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Figure 4-1. Instruction Cache Block Diagram

4.3 INSTRUCTION CACHE OPERATION

The instruction cache is physically connected to the ColdFire core's local bus, allowing it
to service all instruction fetches from the ColdFire core and certain memory fetches
initiated by the debug module. Typically, the debug module’'s memory references appear
as supervisor data accesses but the unit can be programmed to generate user-mode
accesses and/or instruction fetches. The instruction cache processes any instruction fetch

access in the normal manner.
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4.3.1 Interaction With Other Modules

Because both the instruction cache and high-speed SRAM module are connected to the
ColdFire core's local data bus, certain user-defined configurations can result in
simultaneous instruction fetch processing.

If the referenced address is mapped into the SRAM module, that module will service the
request in a single cycle. In this case, data accessed from the instruction cache is simply
discarded and no external memory references are generated. If the address is not
mapped into the SRAM space, the instruction cache handles the request in the normal
fashion.

4.3.2 Memory Reference Attributes

For every memory reference the ColdFire core or the debug module generates, a set of
“effective attributes” is determined based on the address and the Access Control
Registers (ACRO, ACR1). This set of attributes includes the cacheable/noncacheable
definition, the precise/imprecise handling of operand write, and the write-protect
capability.

In particular, each address is compared to the values programmed in the Access Control
Registers (ACR). If the address matches one of the ACR values, the access attributes
from that ACR are applied to the reference. If the address does not match either ACR,
then the default value defined in the Cache Control Register (CACR) is used. The specific
algorithm is as follows:

i f (address = ACRO_address includi ng nask)
Effective Attributes = ACRO attributes
el se if (address = ACR1_address incl udi ng mask)
Ef fective Attributes ACR1 attri butes
el se Effective Attributes CACR default attributes

4.3.3 Cache Coherency and Invalidation

The instruction cache does not monitor ColdFire core data references for accesses to
cached instructions. Therefore, software must maintain cache coherency by invalidating
the appropriate cache entries after modifying code segments.

The cache invalidation can be performed in two ways. The assertion of bit 24 in the CACR
forces the entire instruction cache to be marked as invalid. The invalidation operation
requires 256 cycles because the cache sequences through the entire tag array, clearing
a single location each cycle. Any subsequent instruction fetch accesses are postponed
until the invalidation sequence is complete.

The privileged CPUSHL instruction can invalidate a single cache line. When this
instruction is executed, the cache entry defined by bits[11:4] of the source address
register is invalidated, provided bit 28 of the CACR is cleared.
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These invalidation operations can be initiated from the ColdFire core or the debug
module.

4.3.4 RESET

A hardware reset clears the CACR disabling the instruction cache. The contents of the tag
array are not affected by the reset. Accordingly, the system startup code must explicitly
perform a cache invalidation by setting CACR[24] before the cache can be enabled.

4.3.5 Cache Miss Fetch Algorithm/Line Fills

As discussed in Section 4.2 Instruction Cache Physical Organization, the instruction
cache hardware includes a 16-byte line fill buffer for providing temporary storage for the
last fetched instruction.

With the cache enabled as defined by CACRJ[31], a cacheable instruction fetch that
misses in both the tag memory and the line-fill buffer generates a external fetch. The size
of the external fetch is determined by the value contained in the 2-bit CLNF field of the
CACR and the miss address. Table 4-1 shows the relationship between the CLNF bits,
the miss address, and the size of the external fetch.

Table 4-1. Initial Fetch Offset vs. CLNF Bits

LONGWORD ADDRESS BITS
CLNF[1:0]
00 01 10 11
00 Line Line Line Longword
01 Line Line Longword Longword
1X Line Line Line Line

Depending on the runtime characteristics of the application and the memory response
speed, overall performance may be increased by programming the CLNF bits to values
{00, 01}.

For all cases of a line-sized fetch, the critical longword defined by bits [3:2] of the miss
address is accessed first followed by the remaining three longwords that are accessed by
incrementing the longword address in a modulo-16 fashion as shown below:

if miss address[3:2] = 00

fetch sequence = {$0, $4, $8, $C
if miss address[3:2] = 01

fetch sequence = {$4, $8, $C,  $0}
if miss address[3:2] = 10

fetch sequence = {$8, $C, $0, $4}
if miss address[3:2] = 11

fetch sequence = {$C, $0, $4, $8}

Once an external fetch has been initiated and the data loaded into the line-fill buffer, the
instruction cache maintains a special “most-recently-used” indicator that tracks the
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contents of the fill buffer versus its corresponding cache location. At the time of the miss,
the hardware indicator is set, marking the fill buffer as “most recently used.” If a
subsequent access occurs to the cache location defined by bits [8:4] of the fill buffer
address, the data in the cache memory array is now most recently used, so the hardware
indicator is cleared. In all cases, the indicator defines whether the contents of the line fill
buffer or the memory data array are most recently used. At the time of the next cache
miss, the contents of the line-fill buffer are written into the memory array if the entire line
is present, and the fill buffer data is still most recently used compared to the memory array.

The fill buffer can also be used as temporary storage for line-sized bursts of non-
cacheable references under control of CACR[10]. With this bit set, a noncacheable
instruction fetch is processed as defined by Table 4-2. For this condition, the fill buffer is
loaded and subsequent references can hit in the buffer, but the data is never loaded into
the memory array.

Table 4-2 shows the relationship between CACR bits 31 and 10 and the type of instruction
fetch.

Table 4-2. Instruction Cache Operation as Defined by CACR[31,10]

CACRJ[31] CACR[10] TYPE OF INSTR. FETCH | DESCRIPTION

0 0 N/A Instruction cache is completely disabled; all fetches are word,
longword in size.

0 1 N/A All fetches are word, longword in size
1 X Cacheable Fetch size is defined by Table 4-1 and contents of the line-fill
buffer can be written into the memory array
1 0 Noncacheable ﬁll f1;etches are longword in size, and not loaded into the line-fill
uffer
1 1 Noncacheable Fetch size is defined by Table 4-1 and loaded into the line-fill

buffer, but are never written into the memory array.

4.4 INSTRUCTION CACHE PROGRAMMING MODEL

Three supervisor registers define the operation of the instruction cache and local bus
controller: the Cache Control Register (CACR) and two Access Control Registers (ACRO,
ACR1).

4.4.1 Instruction Cache Registers Memory Map

Table 4-3 below shows the memory map of the Instruction cache and access control
registers.

The following lists several keynotes regarding the programming model table:

» The Cache Control Register and Access Control Registers can only be accessed in
supervisor mode using the MOVEC instruction with an Rc value of $002, $004 and
$005, respectively.
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» Addresses not assigned to the registers and undefined register bits are reserved for
future expansion. Write accesses to these reserved address spaces and reserved
register bits have no effect; read accesses will return zeros.

* The reset value column indicates the initial value of the register at reset. Certain
registers may be uninitialized upon reset, i.e., they may contain random values after
reset.

* The access column indicates if the corresponding register allows both read/write
functionality (R/W), read-only functionality (R), or write-only functionality (W). If a
read access to a write-only register is attempted, zeros will be returned. If a write
access to a read-only register is attempted the access will be ignored and no write

will occur.
Table 4-3. Memory Map of I-Cache Registers
ADDRESS NAME | WIDTH DESCRIPTION 5:55; ACCESS
MOVEC with $002 | CACR 32 Cache Control Register $0000
MOVEC with $004 | ACRO 32 Access Control Register 0 $0000
MOVEC with $005 ACR1 32 Access Control Register 1 $0000 W

4.4.2 Instruction Cache Register

4.4.2.1 CACHE CONTROL REGISTER (CACR). The CACR controls the operation of
the instruction cache. The CACR provides a set of default memory access attributes used
when a reference address does not map into the spaces defined by the ACRs.

The CACR is a 32-bit write-only supervisor control register. It is accessed in the CPU
address space via the MOVEC instruction with an Rc encoding of $002. The CACR can
be read when in Background Debug mode (BDM). At system reset, the entire register is

cleared.

Cache Control Register (CACR)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CENB CPDI | CFRZ CINV
RESET:

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

CEIB | DCM | DBWE DWP CLNF1

RESET:

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4-6 MCF5206e USER'S MANUAL MOTOROLA

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



Freescale Semiconductor, Inc. Instruction Cache

CENB - Cache Enable

Generally, longword references are used for sequential fetches. If the processor branches
to an odd word address, a word-sized fetch is generated. The memory array of the
instruction cache is enabled only if CENB is asserted.

0 = Cache disabled
1 = Cache enabled

CPDI - Disable CPUSHL Invalidation

When the privileged CPUSHL instruction is executed, the cache entry defined by bits [8:4]
of the address is invalidated if CPDI = 0. If CPDI = 1, no operation is performed.

0 = Enable invalidation
1 = Disable invalidation

CFRZ - Cache Freeze

This field allows the user to freeze the contents of the cache. When CFRZ is asserted line
fetches can be initiated and loaded into the line-fill buffer, but a valid cache entry can not
be overwritten. If a given cache location is invalid, the contents of the line-fill buffer can be
written into the memory array while CFRZ is asserted.

0 = Normal Operation
1 = Freeze valid cache lines

CINV - Cache Invalidate

Setting this bit forces the cache to invalidate each tag array entry. The invalidation
process requires 32 machine cycles, with a single cache entry cleared per machine cycle.
The state of this bit is always read as a zero. After a hardware reset, the cache must be
invalidated before it is enabled.

0 = No operation
1 = Invalidate all cache locations

CEIB - Cache Enable Noncacheable Instruction Bursting

Setting this bit enables the line-fill buffer to be loaded with burst transfers under control of
CLINF[1:0] for non-cacheable accesses. Noncacheable accesses are never written into
the memory array.

0 = Disable burst fetches on noncacheable accesses
1 = Enable burst fetches on noncacheable accesses
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DCM - Default Cache Mode

This bit defines the default cache mode: 0 is cacheable, 1 is noncacheable. For more
information on the selection of the effective memory attributes, see Section 4.3.2
Memory Reference Attributes.

0 = Deafault cacheable
1 = Default noncacheable

DBWE - Default Buffered Write Enable

This bit defines the default value for enabling buffered writes. If DBWE = 0, the termination
of an operand write cycle on the processor's local bus is delayed until the external bus
cycle is completed. If DBWE = 1, the write cycle on the local bus is terminated immediately
and the operation buffered in the bus controller. In this mode, operand write cycles are
effectively decoupled between the processor's local bus and the external bus.

Generally, enabled buffered writes provide higher system performance but recovery from
access errors can be more difficult. For the ColdFire CPU, reporting access errors on
operand writes is always imprecise and enabling buffered writes simply further decouples
the write instruction from the signaling of the fault

0 = Disable buffered writes
1 = Enable buffered writes

DWP - Default Write Protection

0 = Read and write accesses permitted
1 = Only read accesses permitted

CLNF[1:0] - Cache Line Fill

These bits control the size of the memory request the cache issues to the bus controller
for different initial line access offsets.

Table 4-4. External Fetch Size Based on Miss Address and CLNF

LONGWORD ADDRESS BITS
CLNF[1:0]
00 01 10 11
00 Line Line Line Longword
01 Line Line Longword Longword
10 Line Line Line Line
11 Line Line Line Line

4.4.2.2 ACCESS CONTROL REGISTERS (ACRO, ACR1). The ACRs provide a
definition of memory reference attributes for two memory regions (one per ACR). This set
of effective attributes is defined for every memory reference using the ACRs or the set of
default attributes contained in the CACR. The ACRs are examined for every memory
reference that is NOT mapped to the SRAM module.
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The ACRs are 32-bit write-only supervisor control registers. They are accessed in the
CPU address space via the MOVEC instruction with an Rc encoding of $004 and $005.
The ACRs can be read when in background debug mode (BDM). At system reset, the
registers are cleared.

Access Control Registers (ACR0, ACR1)

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

AB31 | AB30 | AB29 | AB28 | AB27 | AB26 | AB25 | AB24 | AM31 | AM30 | AM29 | AM28| AM27 | AM26| AM25| AM24
RESET:
0

0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EN SM1 | SMO - - - - - - CM | BUFW - - WP
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

AB[31:24] - Address Base [31:24]

This 8-bit field is compared to address bits [31:24] from the processor's local bus under
control of the ACR address mask. If the address matches, the attributes for the memory
reference are sourced from the given ACR.

AM[31:24] - Address Mask [31:24]

This 8-bit field can mask any bit of the AB field comparison. If a bit in the AM field is set,
then the corresponding bit of the address field comparison is ignored.

EN - Enable
The EN bit defines the ACR enable. Hardware reset clears this bit, disabling the ACR.

0 = ACR disabled
1 = ACR enabled

SMJ[1:0] - Supervisor mode

This two-bit field allows the given ACR to be applied to references based on operating
privilege mode of the ColdFire processor. The field uses the ACR for user references only,
supervisor references only, or all accesses.

00 = Match if user mode
01 = Match if supervisor mode
1x = Match always - ignore user/supervisor mode
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CM - Cache Mode
This bit defines the cache mode: 0 is cacheable, 1 is noncacheable.

0 = Caching enabled
1 = Caching disabled

BWE- Buffered Write Enable

This bit defines the value for enabling buffered writes. If BWE = 0, the termination of an
operand write cycle on the processor's local bus is delayed until the external bus cycle is
completed. If BWE = 1, the write cycle on the local bus is terminated immediately and the
operation is then buffered in the bus controller. In this mode, operand write cycles are
effectively decoupled between the processor's local bus and the external bus.

Generally, the enabling of buffered writes provides higher system performance but
recovery from access errors may be more difficult. For the ColdFire CPU, the reporting of
access errors on operand writes is always imprecise, and enabling buffered writes simply
decouples the write instruction from the signaling of the fault even more.

0 = Don’t buffer writes
1 = Buffer writes

WP - Write Protect

The WP bit defines the write-protection attribute. If the effective memory attributes for a
given access select the WP bit, an access error terminates any attempted write with this
bit set.

0 = Read and write accesses permitted
1 = Only read accesses permitted
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SECTION 5
SRAM

5.1 SRAM FEATURES

» 8 KByte SRAM, organized as 2K x 32 Bits
» Single-Cycle Access

Physically Located on ColdFire® core's High-Speed Local Bus

Byte, Word, Longword Address Capabilities
« Memory Mapping Defined by the Customer

5.2 SRAM OPERATION

The SRAM module provides a general-purpose memory block that the ColdFire core can
access in a single cycle. You can specify the location of the memory block to any 0-modulo-
8K address within the four gigabyte address space. The memory is ideal for storing critical
code or data structures or for use as the system stack. Because the SRAM module is
physically connected to the processor's high-speed local bus, it can service core-initiated
accesses or memory-referencing commands from the Debug module.

Depending on configuration information, instruction fetches can be sent to both the
instruction cache and the SRAM block simultaneously. If the instruction fetch address is
mapped into the region defined by the SRAM, the SRAM provides the data back to the
processor, and the I-Cache data is discarded. Accesses from the SRAM and cache
interaction are not cached.

5.3 PROGRAMMING MODEL
5.3.1 SRAM Register Memory Map

Table 5-1 below shows the memory map of the SRAM register.
The following lists several keynotes regarding the programming model table:

» The SRAM Base Address Register can only be accessed in supervisor mode using the
MOVEC instruction with an Rc value of $C04.

« Addresses not assigned to the register and undefined register bits are reserved for
future expansion. Write accesses to these reserved address spaces and reserved
register bits have no effect; read accesses will return zeros.

» The reset value column indicates the register initial value at reset. Certain registers can
be uninitialized at reset, i.e., they may contain random values after reset.
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» The access column indicates if the corresponding register allows both read/write
functionality (R/W), read-only functionality (R), or write-only functionality (W). If a
read access to a write-only register is attempted, zeros will be returned. If a write
access to a read-only register is attempted the access will be ignored and no write

will occur.
Table 5-1. Memory Map of SIM Registers
ADDRESS NAME | WIDTH DESCRIPTION RESETVALUE | ACCESS
MOVECwith $C04 | RAMBAR | 32 | SRAM Base Address Register t‘;l’ggg‘t“\z/i%) W

5.3.2 SRAM Register

5.3.2.1 SRAM BASE ADDRESS REGISTER (RAMBAR). The RAMBAR determines
the base address location of the internal SRAM module, as well as the definition of the
types of accesses that are allowed for it.

The RAMBAR is a 32-bit write-only supervisor control register. It is accessed in the CPU
address space via the MOVEC instruction with an Rc encoding of $C04. The RAMBAR
can be read when in Background Debug mode (BDM). At system reset, the V bitis cleared
and the remainder bits of the RAMBAR are uninitialized. To access the SRAM module,
RAMBAR should be written with the appropriate base address after system reset.

SRAM Base Address Register(RAMBAR)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

BA31 | BA30 | BA29 | BA28 | BA27 | BA26 | BA25 | BA24 | BA23 | BA22 | BA21 | BA20 | BA19 | BA18 | BAl17| BA16

RESET:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BA15 | BA14 | BA13 - - - -- WP - - C/ SC SD uc ub \%

RESET:
- 0 0 0

BA31-BA13 - Base Address

This field defines the base address location of the SRAM module. By programming this
field, you can locate the SRAM anywhere within the four gigabyte ColdFire core address
space.

WP - Write Protect

This field allows only read accesses to the SRAM. When this bit is set, any attempted write
access will generate an access error exception in the MCF5206e.

0 = Allow read and write accesses to the SRAM module
1 = Allow only read accesses to the SRAM module
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C/l, SC, SD, UC, UD - Address Space Masks

This field allows specific address spaces to be enabled or disabled, placing the internal
modules in a specific address space. If an address space is disabled, an access to the

register location in that address space becomes an external bus access, and the module
resource is not accessed. The address space mask bits are:

C/l = CPU Space/Interrupt Acknowledge Cycle mask
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 address space bit:

0= An access to the internal module can occur for this address space.

1= Disable this address space from the internal module selection. If this address
space is used, no accesses occur to the internal peripheral, instead an external
bus cycle will be generated.

V - Valid

This bit indicates when the contents of the RAMBAR are valid. The base address value is
not used, and the SRAM module is not accessible until the V bit is set. An external bus

cycle is generated if the base address field matches the internal core address, and the V
bit is clear.

0 = Contents of RAMBAR are not valid.
1 = Contents of RAMBAR are valid.

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

if (RAMBAR[ O] = 1)
if (requested address[31:9] = RAMBAR] 31:9])
i f (address space nmask of the requested type = 0)
Access is mapped to the SRAM nodul e
if (access = read)
Read the SRAM and return the data
if (access = wite)
if (RAMBAR[ 8] = 0)
Wite the data into the SRAM
el se Signal a wite-protect access error

5.3.3 SRAM Initialization

After a hardware reset, the contents of the SRAM module are undefined. The valid bit of
the RAMBAR is cleared, disabling the module. If the SRAM needs to be initialized with
instructions or data, you should perform the following steps:

1. Load the RAMBAR mapping the SRAM module to the desired location within the
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address space.

2. Read the source data and write it to the SRAM. There are various instructions to
support this function, including memory-to-memory move instructions, or the
MOVEM opcode. The MOVEM instruction is optimized to generate line-sized burst
fetches on 0-modulo-16 addresses, so this opcode generally provides maximum

performance.

3. After the data has been loaded into the SRAM, it may be appropriate to load a
revised value into the RAMBAR with a new set of attributes. These attributes consist
of the write-protect and address space mask fields.

The ColdFire processor or an external emulator using the Debug module can perform

these initialization functions.

5.3.4 Power Management

As noted previously, depending on the configuration defined by the RAMBAR, instruction
fetch accesses can be sent to the SRAM module and the I-Cache simultaneously. If the
access is mapped to the SRAM module, it sources the read data, discarding the I-Cache
access. If the SRAM is used only for data operands, setting the SC and UC mask bits in
the RAMBAR to 1 will lower power dissipation. This will disable the SRAM during all
instruction fetches. Additionally, if the SRAM contains only instructions, setting the SD and
UD mask bits in the RAMBAR to 1 masking operand accesses will reduce power

dissipation.

Consider the examples on Table 5-2 of typical RAMBAR settings:

Table 5-2. Examples of Typical RAMBAR Settings

DATA CONTAINED IN SRAM RAMBARJ7:0]
Code only $2B
Data only $35
Both Code and Data $21
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SECTION 6
BUS OPERATION

The MCF5206e bus interface supports synchronous data transfers that can be terminated
synchronously or asynchronously and also can be burst or burst-inhibited between the
MCF5206e and other devices in the system. This section describes the function of the bus,
the signals that control the bus, and the bus cycles provided for data-transfer operations.
Operation of the bus is defined for transfers initiated by the MCF5206e as a bus master and
for transfers initiated by an external bus master. When the DMA Controller has mastership,
it is explicitly stated. The section includes descriptions of the error conditions, bus
arbitration, and the reset operation.

6.1 FEATURES

The following list summarizes the key bus operation features:

« As many as 28 bits of address and 32 bits of data

» Accesses 8 hit, 16 bit, and 32 bit port sizes

» Generates byte, word, longword, and line size transfers
» Bus arbitration for external masters

« Burst and burst-inhibited transfer support

* Internal termination generation

» Termination generation for external masters

6.2 BUS AND CONTROL SIGNALS
6.2.1 Address Bus (A[27:0])

These three-state bidirectional signals provide the location of a bus transfer (except for
interrupt-acknowledge transfers) when the MCF5206e is the bus master. When an external
bus master controls the bus, the address signals are examined when transfer start (TS) is
asserted to determine if the MCF5206e should assert chip selects, DRAM control, and/or
transfer terminal signals. During an interrupt-acknowledge access, address lines A[27:5] are
driven high, A[1:0] are driven low, and A[4:2] indicate the interrupt level being
acknowledged.
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NOTE

The ColdFire® core outputs 32 bits of address to the internal
bus controller. Of these 32 bits, only A[27:0] are output to pins
on the MCF5206e. The output of A[27:24] depends on the
setting of PAR[3:0] in the Pin Assignment Register (PAR) in
the SIM. Refer to 6.3.2.10 Pin Assignment Register on how
to program the Pin Assignment Register (PAR).

6.2.2 Data Bus (D[31:0])

These three-state bidirectional signals provide the general-purpose data path between
the MCF5206e and all other devices. The data bus can transfer 8, 16, 32, or 128 bits of
data per bus transfer. A write cycle drives all 32 bits of the data bus regardless of the port
width and operand size.

6.2.3 Transfer Start (E)

The MCF5206e asserts this three-state bidirectional signal for one clock period to indicate
the start of each bus cycle. During external master accesses, the MCF5206e monitors
transfer start (TS) to detect the start of each external master bus cycle to determine if chip
select, DRAM, and/or transfer termination signals should be asserted.

6.2.4 Read/Write (R/W)

This three-state bidirectional signal defines the data transfer direction for the current bus
cycle. A high (logic one) level indicates a read cycle; a low (logic zero) level indicates a
write cycle. When an external bus master is controlling the bus, the MCF5206e monitors
this signal to determine if chip selects or DRAM control signals should be asserted.

6.2.5 Size (SIZ[1:0])

These three-state bidirectional signals indicate the data size for the bus cycle. When an
external bus master is controlling the bus, the MCF5206e monitors these signals to
determine the data size for asserting the appropriate memory control signals. Table 6-1
shows the definitions of the SIZx encoding.

Table 6-1. SIZx Encoding

SIz1 SIzo TRANSFER SIZE
0 0 Longword (4 Bytes)
0 1 Byte
1 0 Word (2 Bytes)
1 1 Line (16 Bytes)
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6.2.6 Transfer Type (TT[1:0])

These three-state output signals indicate the type of access for the current bus cycle.
Table 6-2 lists the definitions of the TTx encodings.

Table 6-2. Transfer Type Encoding

TT1 TT0 TRANSFER TYPE
0 0 Normal Access
0 1 On-board DMA Access
1 0 Debug Access
1 1 CPU Space/Acknowledge Access

The MCF5206e does not sample TT[1:0] during external master transfers.

6.2.7 Access Type and Mode (ATM)

This three-state output signal provides supplemental information for each transfer cycle
type. Table 6-3 lists the encoding for normal, DMA debug and CPU space/acknowledge
transfer types.

Table 6-3. ATM Encoding

TRANSFER TYPE INTERNAL TRANSFER MODIFIER ATM (TS=0) ATM (TS=1)
00 Supervisor Code 1 1
(Normal Access) Supervisor Data 0 1
User Code 1 0
User Data 0 0
01 DMA Access 1 0

(DMA Access)

10 Supervisor Code 1 1
(Debug Access) Supervisor Data 0 1
11 CPU Space - MOVEC Instruction 0 0
(CPU Space/Acknowledge) Interrupt Acknowledge - Level 7 1 0
Interrupt Acknowledge - Level 6 1 0
Interrupt Acknowledge - Level 5 1 0
Interrupt Acknowledge - Level 4 1 0
Interrupt Acknowledge - Level 3 1 0
Interrupt Acknowledge - Level 2 1 0
Interrupt Acknowledge - Level 1 1 0

The MCF5206e does not sample ATM during external master transfers.
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6.2.8 Asynchronous Transfer Acknowledge (ATA)

This active-low asynchronous input signal indicates the successful completion of a
requested data transfer operation. Asynchronous transfer acknowledge (ATA) is an input
signal from the referenced slave device indicating completion of the transfer. ATA is
synchronized internal to the MCF5206e.

NOTE

The internal synchronized version of ATA is referred to as
“internal asynchronous transfer acknowledge.” During a read
cycle, data is latched on the rising edge of CLK when the
internal asynchronous transfer acknowledge is asserted.
Consequently, data must remain valid for at least one and a
half CLK cycles after the assertion of ATA. Similarly, during a
write cycle, data is driven until the falling edge of CLK when
the internal asynchronous transfer acknowledge is asserted.

ATA must be driven for one and half full clocks to ensure that the MCF5206e properly
synchronizes the signal.

NOTE

For the MCF5206e to accept the transfer as successful with
an ATA, transfer error acknowledge TEA must be negated
until the internal asynchronous transfer acknowledge is
asserted or the transfer is completed with a bus error.

Asynchronous transfer acknowledge (ATA) is not used for termination during DRAM
accesses.

6.2.9 Transfer Acknowledge (ﬁ)

This three-state bidirectional active-low synchronous signal indicates the successful
completion of a requested data transfer operation. During MCF5206e-initiated transfers,
transfer acknowledge (TA) is an input signal from the referenced slave device indicating
completion of the transfer.

NOTE

For the MCF5206e to accept the transfer as successful with a
transfer acknowledge, TEA must be negated throughout the
transfer.

TA is not used for termination during MCF5206e-initiated DRAM accesses.

When an external master is controlling the bus, the MCF5206e can drive TA to indicate
the completion of the requested data transfer. If the external master-requested transfer is

6-4 MCF5206e USER’'S MANUAL MOTOROLA

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



Freescale Semiconductor, Inc. Bus Operation

to a chip select or default memory, the assertion of TA is controlled by the number of wait
states and the setting of the external master automatic acknowledge (EMAA) bit in the
Chip Select Control Registers (CSCRs) or the Default Memory Control Register (DMCR).
If the external master-requested transfer is a DRAM access, the MCF5206e drives TA as
an output and is asserted at the completion of the transfer.

6.2.10 Transfer Error Acknowledge (TEA)

The external slave asserts this active-low input signal to indicate an error condition for the
current transfer. The assertion of TEA immediately aborts the bus cycle. The assertion
of TEA has precedence over the assertion of asynchronous transfer acknowledge (ATA)
and transfer acknowledge (TA).

NOTE

TEA can be asserted up to one clock after the assertion of
asynchronous transfer acknowledge (ATA) and still be
recognized.

TEA has no affect during DRAM accesses.
6.3 BUS EXCEPTIONS

6.3.1 Double Bus Fault

If the MCF5206e experiences a double bus fault, it enters the halted state. To exit the halt
state, reset the MCF5206e.

6.4 BUS CHARACTERISTICS

The MCF5206e uses the address bus (A[27:0]) to specify the location for a data transfer
and the data bus (D[31:0]) to transfer the data. Control and attribute signals indicate the
beginning and type of a bus cycle as well as the address space, direction, and size of the
transfer. The selected device or the number of wait states programmed in the memory
control register (the Chip Select Control Register (CSCR), the DRAM Controller Control
Registers (DCCR, including the DRAM Controller Timing Register (DCTR)), or the Default
Memory Control Register (DMCR)) control the length of the cycle.

The MCF5206e clock is distributed internally to provide logic timing. All bus signals are
synchronous with the rising edge of CLK with the exception of row address strobes
(RAS[1:0]) and column address strobes (CAS[3 0]), which can be asserted and negated
synchronous with the falling edge of CLK.

Inputs to the MCF5206e (other than the interrupt priority level signals (IPLx), reset in
(RSTI) and ATA signals) are synchronously sampled and must be stable during the
sample window defined by tg; and ty; (as shown in Figure 6-1) to guarantee proper
operation. The asynchronous IPLx, RSTI and ATA signals are internally synchronized to
resolve the input to a valid level before being used.
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Outputs to the MCF5206e begin to transition on the rising CLK edges, with the exception
of RAS[1:0] and CAS[3:0], which begin to transition on the falling CLK edges. Specifically,
RAS[1:0] is asserted and negated synchronous with the falling edge of CLK, while
CASJ[3:0] is asserted synchronous with the falling edge of CLK and can be negated
synchronous with either the falling edge or the rising edge of CLK.

During external master accesses where the MCF5206e drives TA as an output, TA is
always driven negated for one clock cycle before being placed in a high-impedence state.

CLK ~ N
Tvo Tho
OUTPUT
SIGNALS
Tvo Tho
NEGATIVE EDGE
CONTROL SIGNALS
OUTPUT
Tsi Thi
> «<— >
INPUTS

Tyo = PROPAGATION DELAY OF SIGNAL RELATIVE TO CLK EDGE
Tho = OUTPUT HOLD TIME RELATIVE TO CLK EDGE
Tg = REQUIRED INPUT SETUP TIME RELATIVE TO CLK EDGE

Ty = REQUIRED INPUT HOLD TIME RELATIVE TO CLK EDGE

Figure 6-1. Signal Relationships to CLK

6.5 DATA TRANSFER MECHANISM

The MCF5206e supports byte, word, and longword operands and allows accesses to 8-,
16-, and 32-bit data ports. With the MCF5206e, you can select the port size of the specific
memory, enable internal generation of transfer termination, and set the number of wait
states for the external slave being accessed by programming the Chip Select Control
Registers (CSCRs), the DRAM Controller Control Registers (DCCRs), and the Default
Memory Control Register (DMCR). For more information on programming these registers,
refer to the SIM, Chip Select, and DRAM Controller sections.