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To provide the most up-to-date information, th@s®n of our documents on the World Wide Web will
be the most current. Your printedpy may be an earlier revision. Ta¥gyou have the latest information
available, refer to:

http://www.freescale.com/

The following revision history tale summarizes changes contaime this document. For your
convenience, the page number designators begn linked to the appropriate location.

Document Revision History

Rev. No. Substantive Change(s)
2.1 Updated to meet Freescale identity guidelines.
3 « Formatting, layout, spelling, and grammar corrections.

» Corrected the TxFIFO bit description In Table 16-9 (was “Once set, this bit is cleared by reading
UTBnN”", is “After being set, this bit is cleared by writing UTBn”).

« Corrected Figure 20-12 (OE signal was asserting on the third SDCLK clock cycle, is asserting on the
second SDCLK clock cycle).

« Corrected Figure 20-13 (R/W and BS signals were asserting on the third SDCLK clock cycle, are
asserting on the second SDCLK clock cycle).

« Corrected Figure 20-16 (OE signal was asserting on the third SDCLK clock cycle, is asserting on the
second SDCLK clock cycle).

- Corrected Figure 20-17 (R/W and BS signals were asserting on the third SDCLK clock cycle, are
asserting on the second SDCLK clock cycle).
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About This Book

The primary objective of this usersanual is to define the functiditg of the MCF5272 processors for
use by software and hardware developers.

The information in this book is subjdo change without not; as described in tloksclaimers on the title
page of this book. As witany technical documentation,stthe readers’ responsibility to be sure he is
using the most recent veye of the documentation.

To locate any published errata or updates fisrdbcument, refer to the world-wide web at
http://www.freescale.com

Audience

This manual is intended for systemftware and hardware developansl applications programmers who
want to develop products with tMCF5272. It is assumed that thader understands operating systems,
microprocessor system design, basiaciples of software and hawdre, and basic details of the
ColdFiré® architecture.

Organization

Following is a summary andibf description of the major sections of this manual:

» Chapter 1, “Overvieyw includes general desctipns of the modds and featuraacorporated in
the MCF5272, focussing in particular on new features.

» Chapter 2, “ColdFire Coreprovides an overview of thaicroprocessor core of the MCF5272.
The chapter describes the organization of theider (V2) ColdFire 5200 processor core and an
overview of the program-visiblegisters (the programming modeah they are implemented on
the MCF5272. It also includes a full descriptmfrexception handling and a table of instruction
timings.

* Chapter 3, “Hardware Multiply/Accumulate (MAC) Uyriidescribes the MCF5272
multiply/accumulate unit, which executeseger multiply, multiply-accumulate, and
miscellaneous register instrumtis. The MAC is integrated into the operand execution pipeline
(OEP).

* Chapter 4, “Local Memory This chapter describes the MCE2 implementation of the ColdFire
V2 local memory specification. It consf three major stions, as follows.

— Section 4.3, “SRAM OvervieWw describes the MCF5272 arhip static RAM (SRAM)
implementation. It covers genéogperations, configurain, and initializatn. It also provides
information and examples of how to minmaipower consumption when using the SRAM.

— Section 4.4, “ROM OvervieW describes the MCF5272 oniptstatic ROM. The ROM
module contains tabular datsat the ColdFire core can access in a single cycle.

— Section 4.5, “Instruion Cache OvervieWw describes the MCF5272 cache implementation,
including organization, configunan, and coherency. It describes cache operations and how
the cache interacts with other memory structures.
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» Chapter 5, “Debug Suppgtidescribes the Revision A havdre debug support in the MCF5272.

* Chapter 6, “System Integration Module (SIRJescribes the SIN\rogramming model, bus
arbitration, power management, and sgs{protection functions for the MCF5272.

» Chapter 7, “Interrupt Controllgrdescribes operation of the intept controller portion of the SIM.
Includes descriptions of the registers in therirupt controller memory map and the interrupt
priority scheme.

» Chapter 8, “Chip Select Moduledescribes the MCF5272 chiglect implementation, including
the operation and programming modehich includes the chip-seleatidress, mask, and control
registers.

» Chapter 9, “SDRAM Controllgt describes configuratioma operation of the synchronous
DRAM controller component of the SIM, includj a general description of signals involved in
SDRAM operations. It providesterface information for memorgonfigurations using most
common SDRAM devices for boft6- and 32-bit-wide data buses. The chapter concludes with
signal timing diagrams.

* Chapter 10, “DMA Controllet provides an overview dhe MCF5272’s one-channel DMA
controller intended for memory-to-mmery block data transfers. Thibapter describes in detail its
signals, registers, and operating modes.

» Chapter 11, “Ethernet Modyledescribes the MCF5272 fasthiernet media access controller
(MAC). This chapter begins with a featuset overview, a functional block diagram, and
transceiver connection informati for both MIl and seven-wire sal interfaces. The chapter
concludes with detailed descriptionsoperation and the programming model.

» Chapter 12, “Universal Serial Bus (USBprovides an overview of the USB module of the
MCF5272, including detailed operation infeation and the USB programming model.
Connection examples and circuit boargbolat considerationare also provided.

* TheUSB Specification, Revision lisla recommended supplementtiss chapter. It can be
downloaded fronittp://www.usb.orgChapter 2 of this specificatiolmerms and Abbreviations
provides definitions of may of the words found here.

* Chapter 13, “Physical Layertierface Controller (PLIG) provides detailethformation about the
MCF5272’s physical layer interfac®ntroller, a module intended support ISDN applications.
The chapter begins with a description of operatiod a series of relatddiock diagrams starting
with a high-level overview. Each successive thag depicts progressivetyore internal detail.
The chapter then describes timing generadiat the programming model and concludes with
three application examples.

* Chapter 14, “Queued Serial Rareral Interface (QSPI) Modylerovides a feature-set overview
and description of operation, including detafthe QSPI's internal RAM organization. The
chapter concludes with the pragnming model and a timing diagram.

* Chapter 15, “Timer Modulg describes configuration and apéon of the four general-purpose
timer modules, timer 0, 1, 2 and 3.

» Chapter 16, “UART Modules describes the use of thiversal asynchronous/synchronous
receiver/transmitters (UARTSs) implementedtbe MCF5272, including example register values
for typical configurations.
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Chapter 17, “General Purpose I/0O Modulkgescribes the operation and programming model of
the three general purpose I/ORI®) ports on the MCF5272. Theagter details pin assignment,
direction-control, and data registers.

Chapter 18, “Pulse-Width Modulation (PWM) Modyildescribes the coigjuration and operation
of the pulse-width modulation (#M) module. It includes a bl&adiagram, programming model,
and timing diagram.

Chapter 19, “Signal Descriptiofigrovides a listing and briafescription of all the MCF5272
signals. Specifically, ishows which are inputs or outputs, hihey are multiplexed, and the state
of each signal at reset. Thestilisting is organized byuhction, with signals appearing
alphabetically within each funcial group. This is followed bg second listing sorted by pin
number.

Chapter 20, “Bus Operatighdescribes the functioning ofehous for data-transfer operations,
error conditions, bus arbitratioand reset operations. It includéetailed timing diagrams showing
signal interaction. Operation ofdtbus is defined fdransfers initiated bthe MCF5272 as a bus
master. The MCF5272 does not suppotemal bus masters. Note tt@@apter 9, “SDRAM
Controller,” describes DRAM cycles.

Chapter 21, “IEEE 1149.1 Test Access Port (JTA@@scribes configuteon and operation of the
MCF5272 Joint Test Action Group (JTAG) implentation. It describeshbse items required by
the IEEE 1149.1 standard and provides additioriarmation specifido the MCF5272. For
internal details and sample ajgitions, see the IEEE 1149.1 document.

Chapter 22, “Mechanical Datgprovides a functional pin listing and package diagram for the
MCF5272.

Chapter 23, “Electrical Characteristitdescribes AC and DC elecal specifications and
thermal characteristics for the MCF5272. Becaadditional speeds may have become available
since the publication of this book, caoifts~reescale’s ColdFire web page,
http://www.freescale.conto confirm that this is the latest information.

This manual includes the following two appendixes:

Appendix A, “List of Memory Map$ provides the entire address-map for MCF5272
memory-mapped registers.

Appendix B, “Buffering ad Impedance Matchingprovides some suggestions regarding
interface circuitry beteen the MCF5272 and SDRAMS.

This manual also includes an index.
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Suggested Reading

This section lists additional reading that provideskbemund for the information ithis manual as well as
general information about the ColdFire architecture.

General Information

The following documentation provideseful information about the Cdtde architecture and computer
architecture in general:

ColdFire Documentation

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

» ColdFire Programmers Reference Manual, RMLCF5200PRM/AD)

» User’'s manuals—These books provegtails about indidual ColdFire implementations and are
intended to be used in conjunction withe ColdFire Programmers Reference ManUdilese
include the following:

— ColdFire MCF5102 User's ManugMCF5102UM/AD)
— ColdFire MCF5202 User’'s ManugMCF5202UM/AD)
— ColdFire MCF5204 User’s ManugMCF5204UM/AD)
— ColdFire MCF5206 User's ManugMCF5206EUM/AD)
— ColdFire MCF5206E User’s ManugMCF5206EUM/AD)
— ColdFire MCF5307 User’s Manual (MCF5307UM/AD)
— ColdFire MCF5407 User’s Manual (MCF5407UM/AD)
» ColdFire Programmers Reference Manual, RIMTF5200PRM/AD)
» Using Microprocessors and Microcqmuters: The Motorola FamilyVilliam C. Wray, Ross
Bannatyne, Joseph D. Greenfield

Additional literature on CdFire implementations iseing released as new pessors become available.
For a current list of ColdFire docuntation, refer to the World Wide Web lattp://www.freescale.com
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Conventions

This document uses the folling notational conventions:

MNEMONICS
mnemonics
italics

0x0
(0] 0]0)
REGIFIELD]

nibble
byte
word
longword
X

n

—

In text, instruction memonics are shown in uppercase.
In code and tables, instructiommemonics are shown in lowercase.

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

Prefix to denote hexadecimal number
Prefix to denote binary number

Abbreviations for regists are shown in uppercasee8ific bits, fields, or ranges
appear in brackets. For example, RAMB|JBR] identifies thebase address field
in the RAM base address register.

A 4-bit data unit

An 8-bit data unit

A 16-bit data untt

A 32-bit data unit

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

NOT logical operator

AND logical operator

OR logical operator

1. The only exceptions to this appear in the discussion of serial communication modules that support variable-length data
transmission units. To simplify the discussion these units are referred to as words regardless of length.
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Acronyms and Abbreviations

Table ilists acronyms and abbreviatis used in this document.

Table i. Acronyms and Abbreviated Terms

Term Meaning
ADC Analog-to-digital conversion
ALU Arithmetic logic unit
AVEC Autovector
BDM Background debug mode
BIST Built-in self test
BSDL Boundary-scan description language
CODEC Code/decode
DAC Digital-to-analog conversion
DMA Direct memory access
DSP Digital signal processing
EA Effective address
EDO Extended data output (DRAM)
FIFO First-in, first-out
GPIO General-purpose 1/0
12c Inter-integrated circuit
IEEE Institute for Electrical and Electronics Engineers
IFP Instruction fetch pipeline
IPL Interrupt priority level
JEDEC Joint Electron Device Engineering Council
JTAG Joint Test Action Group
LIFO Last-in, first-out
LRU Least recently used
LSB Least-significant byte
Isb Least-significant bit
MAC Multiply accumulate unit, also Media access controller
MBAR Memory base address register
MSB Most-significant byte
msh Most-significant bit
Mux Multiplex
NOP No operation
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Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
OEP Operand execution pipeline

PC Program counter
PCLK Processor clock

PLIC Physical layer interface controller

PLL Phase-locked loop
PLRU Pseudo least recently used

POR Power-on reset
PQFP Plastic quad flat pack
PWM Pulse-width modulation
QSPI Queued serial peripheral interface
RISC Reduced instruction set computing

Rx Receive

SIM System integration module

SOF Start of frame

TAP Test access port

TTL Transistor transistor logic

TX Transmit
UART Universal asynchronous/synchronous receiver transmitter
uUSB Universal serial bus
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Terminology Conventions

Table ii shows terminology conventiomsed throughout this document.

Table ii. Notational Conventions

Instruction Operand Syntax
Opcode Wildcard
cc Logical condition (example: NE for not equal)
Register Specifications
An Any address register n (example: A3 is address register 3)
Ay,AX Source and destination address registers, respectively
Dn Any data register n (example: D5 is data register 5)
Dy,Dx Source and destination data registers, respectively
Rc Any control register (example VBR is the vector base register)
Rm MAC registers (ACC, MAC, MASK)
Rn Any address or data register
Rw Destination register w (used for MAC instructions only)
Ry,Rx Any source and destination registers, respectively
Xi index register i (can be an address or data register: Ai, Di)
Register Names
ACC MAC accumulator register
CCR Condition code register (lower byte of SR)
MACSR MAC status register
MASK MAC mask register
PC Program counter
SR Status register
Port Name
DDATA Debug data port
PST Processor status port
Miscellaneous Operands
#<data> Immediate data following the 16-bit operation word of the instruction
<ea> Effective address
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Table ii. Notational Conventions (continued)

Instruction Operand Syntax
<ea>y,<ea>X Source and destination effective addresses, respectively

<label> Assembly language program label

<list> List of registers for MOVEM instruction (example: D3-DO0)

<shift> Shift operation: shift left (<<), shift right (>>)

<size> Operand data size: byte (B), word (W), longword (L)
bc Both instruction and data caches
dc Data cache
ic Instruction cache

# <vector> Identifies the 4-bit vector number for trap instructions

<> identifies an indirect data address referencing memory

<XXX> identifies an absolute address referencing memory
dn Signal displacement value, n bits wide (example: d16 is a 16-bit displacement)
SF Scale factor (x1, x2, x4 for indexed addressing mode, <<1n>> for MAC operations)

Operations
+ Arithmetic addition or postincrement indicator
- Arithmetic subtraction or predecrement indicator
X Arithmetic multiplication
/ Arithmetic division
~ Invert; operand is logically complemented
& Logical AND
| Logical OR
A Logical exclusive OR
<< Shift left (example: DO << 3 is shift DO left 3 bits)
>> Shift right (example: DO >> 3 is shift DO right 3 bits)
o Source operand is moved to destination operand
m o 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
then <operations> | ‘else’ clause is present, the operations after ‘else’ are performed. If the condition is false and else is
else <operations> | omitted, the instruction performs no operation. Refer to the Bcc instruction description as an example.
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Table ii. Notational Conventions (continued)

Instruction Operand Syntax
Subfields and Qualifiers
{3 Optional operation
0 Identifies an indirect address
dp Displacement value, n-bits wide (example: dq¢ is a 16-bit displacement)
Address Calculated effective address (pointer)
Bit Bit selection (example: Bit 3 of D0)
Isb Least significant bit (example: Isb of DO)
LSB Least significant byte
LSW Least significant word
msb Most significant bit
MSB Most significant byte
MSW Most significant word
Condition Code Register Bit Names
C Carry
N Negative
\ Overflow
X Extend
Z Zero
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Register Identifiers

Register identifiers in this usemrsanual were changed fronames used in early versions of the manual
released under non-disclosagreement (NDA). Because gusificant amount of collateral
documentation, such as source code, wasldped using the dlregister nameJable iii through

Table xvilist the new register names and mnemonidbeg should appear in the data book, along with
the old ones. Identifiers that have changed are gisglen boldface type. Thoseat have not changed are
marked “no change” in the ‘New Mnemonic’ column.

Table iii. On-Chip Peripherals and Configuration Registers Memory Map

MBAR Register Name Old Mnemonic New Mnemonic

Offset
0x0000 Module Base Address Register, Read Only MBAR No change
0x0004 System Configuration Register SCR No change
0x0006 System Protection Register SPR No change
0x0008 Power Management Register PMR No change
O0x000E | Activate Low Power Register ALPR No change
0x0010 Device Identification Register DIR No change

Table iv. Interrupt Control Register Memory Map

gEsAeR; Register Name Old Mnemonic New Mnemonic
0x0020 Interrupt Control Register 1 ICR1 No change
0x0024 Interrupt Control Register 2 ICR2 No change
0x0028 Interrupt Control Register 3 ICR3 No change
0x002C | Interrupt Control Register 4 ICR4 No change
0x0030 Interrupt Source Register ISR No change
0x0034 Programmable Interrupt Transition Register PITR No change
0x0038 Programmable Interrupt Wakeup Register PIWR No change
0x003F Programmable Interrupt Vector Register PIVR No change

Table v. Chip Select Register Memory Map

gggg Register Name Old Mnemonic New Mnemonic
0x0040 CS Base Register 0 CSBRO No change
0x0044 CS Option Register 0 CSORO No change
0x0048 CS Base Register 1 CSBR1 No change
0x004C | CS Option Register 1 CSOR1 No change
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Table v. Chip Select Register Memory Map (continued)

MBAR Register Name Old Mnemonic New Mnemonic

Offset
0x0050 CS Base Register 2 CSBR2 No change
0x0054 CS Option Register 2 CSOR2 No change
0x0058 CS Base Register 3 CSBR3 No change
0x005C | CS Option Register 3 CSOR3 No change
0x0060 CS Base Register 4 CSBR4 No change
0x0064 CS Option Register 4 CSOR4 No change
0x0068 CS Base Register 5 CSBR5 No change
0x006C | CS Option Register 5 CSOR5 No change
0x0070 CS Base Register 6 CSBR6 No change
0x0074 CS Option Register 6 CSOR6 No change
0x0078 CS Base Register 7 CSBR7 No change
0x007C | CS Option Register 7 CSORY7 No change

Table vi. GPIO Port Register Memory Map

gﬁgg Register Name Old Mnemonic New Mnemonic
0x0080 | Port A Control Register PACNT No change
0x0084 | Port A Data Direction Register PADDR No change
0x0086 | Port A Data Register PADAT No change
0x0088 | Port B Control Register PBCNT No change
0x008C | Port B Data Direction Register PBDDR No change
0x008E | Port B Data Register PBDAT No change
0x0094 | Port C Data Direction Register PCDDR No change
0x0096 | Port C Data Register PCDAT No change
0x0098 | Port D Control Register PDCNT No change

Table vii. QSPI Module Memory Map

ngfSAeF; Register Name Old Mnemonic New Mnemonic
0x00A0 | QSPI Mode Register SPMODE QMR
0x00A4 | QSPI Delay Register SPDELAY QDLYR
0x00A8 | QSPI Wrap Register SPWRAP QWR
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Table vii. QSPI Module Memory Map (continued)

ngfSA(; Register Name Old Mnemonic New Mnemonic
OxX00AC | QSPI Interrupt Register SPINT QIR
0x00BO | QSPI Address Register SPADDR QAR
0x00B4 QSPI Data Register SPDATA QDR

Table viii. PWM Module Memory Map

gﬁgg Register Name Old Mnemonic New Mnemonic
0x00CO |PWM Control Register 0 PWMCR1 PWCRO
0x00C4 |PWM Control Register 1 PWMCR2 PWCR1
0x00C8 |PWM Control Register 2 PWMCR3 PWCR2
0x00D0 | PWM Pulse-Width Register 0 PWMWD1 PWWDO
0x00D4 PWM Pulse-Width Register 1 PWMWD2 PWWD1
0x00D8 |PWM Pulse-Width Register 2 PWMWD3 PWWD2

Table ix. DMA Module Memory Map

ngfSAeF; Register Name Old Mnemonic New Mnemonic
OXO0EO | DMA Mode Register DCMR No change
0x0O0E6 DMA Interrupt Register DCIR No change
0xO0ES8 DMA Byte Count Register DBCR No change
OXO0OEC | DMA Source Address Register DSAR No change
0x00F0 DMA Destination Address Register DDAR No change

Table x. UARTO Module Memory Map

ggsAeR': Register Name Old Mnemonic New Mnemonic
0x0100 UARTO Mode Register 1/2 U1IMR1/U1MR2 UOMR1/UOMR2
0x0104 | UARTO Status U1SR UOSR
0x0104 UARTO Clock Select Register U1CSR UOCSR
0x0108 UARTO Command Register U1CR UOCR
0x010C | UARTO Receive Buffer U1RxB UORXB
0x010C | UARTO Transmit Buffer UlTxB uoTxB
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Table x. UARTO Module Memory Map (continued)

ngfsAeF'i Register Name Old Mnemonic New Mnemonic
0x0110 UARTO CTS Change Register U1CCR UOCCR
0x0110 UARTO Auxiliary Control Register U1ACR UOACR
0x0114 UARTO Interrupt Status Register ULISR UOISR
0x0114 UARTO Interrupt Mask Register U1lIMR UOIMR
0x0118 UARTO Baud Prescaler MSB UlBG1 uoBG1
0x011C |UARTO Baud Prescaler LSB UiBG2 uoBG2
0x0120 UARTO AutoBaud MSB Register UlABR1 UOABR1
0x0124 UARTO AutoBaud LSB Register U1ABR2 UOABR2
0x0128 UARTO TxFIFO Control/Status Register UL1TXFCSR UOTXFCSR
0x012C |UARTO RxFIFO Control/Status Register U1RXFCSR UORXFCSR
0x0134 UARTO CTS Unlatched Input UlIP uoIP
0x0138 UARTO RTS O/P Bit Set Command Register U10P1 UOOP1
0x013C |UARTO RTS O/P Bit Reset Command Register U10PO UOOPO

Table xi. UART1 Module Memory Map

gf?sAeFi Register Name Old Mnemonic New Mnemonic
0x0140 UART1 Mode Register 1/2 U2MR1/U2MR2 UIMR1/U1MR2
0x0144 UART1 Status U2SR U1SR
0x0144 UART1 Clock Select Register U2CSR U1CSR
0x0148 UART1 Command Register U2CR UL1CR
0x014C UART1 Receive Buffer U2RxB U1RxB
0x014C | UART1 Transmit Buffer u2TxB ulTxB
0x0150 UART1 CTS Change Register U2CCR U1CCR
0x0150 UART1 Auxiliary Control Register U2ACR U1ACR
0x0154 UARTL1 Interrupt Status Register U2ISR ULISR
0x0154 UARTL1 Interrupt Mask Register U2IMR U1lIMR
0x0158 UART1 Baud Prescaler MSB U2BG1 UlBG1
0x015C | UART1 Baud Prescaler LSB U2BG2 UlBG2
0x0160 UART1 AutoBaud MSB Register U2ABR1 UlABR1
0x0164 UART1 AutoBaud LSB Register U2ABR2 U1ABR2
0x0168 UART1 TxFIFO Control/Status Register U2TXFCSR U1TXFCSR
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Table xi. UART1 Module Memory Map (continued)

MBAR Register Name Old Mnemonic New Mnemonic

Offset
0x016C | UART1 RxFIFO Control/Status Register U2RXFCSR U1RXFCSR
0x0174 UART1 CTS Unlatched Input uz2iP UlIP
0x0178 UART1 RTS O/P Bit Set Command Register U20P1 Ul10P1
0x017C |UART1 RTS O/P Bit Reset Command Register U20P0 U10PO

Table xii. SDRAM Controller Memory Map

gf?sAeF'i Register Name Old Mnemonic New Mnemonic
0x0182 SDRAM Configuration Register SDCCR SDCR
0x0186 SDRAM Timing Register SDCTR SDTR

Table xiii. Timer Module Memory Map

ngfsAeF'i Register Name Old Mnemonic New Mnemonic
0x0200 Timer 0 Mode Register TMR1 TMRO
0x0204 Timer 0 Reference Register TRR1 TRRO
0x0208 Timer 0 Capture Register TCR1 TCAPO
0x020C | Timer O Counter Register TCN1 TCNO
0x0210 Timer 0 Event Register TER1 TERO
0x0220 Timer 1 Mode Register TMR2 TMR1
0x0224 Timer 1 Reference Register TRR2 TRR1
0x0228 Timer 1 Capture Register TCR2 TCAP1
0x022C | Timer 1 Counter Register TCN2 TCN1
0x0230 Timer 1 Event Register TER2 TER1
0x0240 Timer 2 Mode Register TMR3 TMR2
0x0244 Timer 2 Reference Register TRR3 TRR2
0x0248 Timer 2 Capture Register TCR3 TCAP2
0x024C | Timer 2 Counter Register TCN3 TCN2
0x0250 Timer 2 Event Register TER3 TER2
0x0260 Timer 3 Mode Register TMR4 TMR3
0x0264 Timer 3 Reference Register TRR4 TRR3
0x0268 Timer 3 Capture Register TCR4 TCAP3
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Table xiii. Timer Module Memory Map (continued)

ngfsAeF'i Register Name Old Mnemonic New Mnemonic
0x026C | Timer 3 Counter Register TCN4 TCN3
0x0270 Timer 3 Event Register TER4 TER3
0x0280 Watchdog Reset Reference Register WRRR No change
0x0284 Watchdog Interrupt Reference Register WIRR No change
0x0288 Watchdog Counter Register WCR No change
0x028C | Watchdog Event Register WER No change
Table xiv. PLIC Module Memory Map
gf?sAeFi Register Name Old Mnemonic New Mnemonic
0x0300 Port0 B1 Data Receive PLRB10 POB1RR
0x0304 Portl B1 Data Receive PLRB11 P1B1RR
0x0308 Port2 B1 Data Receive PLRB12 P2B1RR
0x030C | Port3 B1 Data Receive PLRB13 P3B1RR
0x0310 Port0 B2 Data Receive PLRB20 POB2RR
0x0314 Portl B2 Data Receive PLRB21 P1B2RR
0x0318 Port2 B2 Data Receive PLRB22 P2B2RR
0x031C | Port3 B2 Data Receive PLRB23 P3B2RR
0x0320 Port0-3 D Data Receive PLRDO PODRR
PLRD1 P1DRR
PLRD2 P2DRR
PLRD3 P3DRR
0x0328 Port0 B1 Data Transmit PLTB10 POB1TR
0x032C Portl B1 Data Transmit PLTB11 P1B1TR
0x0330 Port2 B1 Data Transmit PLTB12 P2B1TR
0x0334 Port3 B1 Data Transmit PLTB13 P3B1TR
0x0338 Port0 B2 Data Transmit PLTB20 POB2TR
0x033C Portl B2 Data Transmit PLTB21 P1B2TR
0x0340 Port2 B2 Data Transmit PLTB22 P2B2TR
0x0344 Port3 B2 Data Transmit PLTB23 P3B2TR
0x0348 Port0-3 D Data Transmit PLTDO PODTR
PLTD1 P1DTR
PLTD2 P2DTR
PLTD3 P3DTR
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Table xiv. PLIC Module Memory Map (continued)

MBAR Register Name Old Mnemonic New Mnemonic
Offset
0x0350 Port0-1 GCI/IDL Configuration Register PLCRO POCR
PLCR1 P1CR
0x0354 Port2-3 GCI/IDL Configuration Register PLCR2 P2CR
PLCR3 P3CR
0x0358 Port0-1 Interrupt Configuration Register PLICRO POICR
PLICR1 P1ICR
0x035C | Port2-3 Interrupt Configuration Register PLICR2 P2ICR
PLICR3 P3ICR
0x0360 Port0-1 GCI Monitor RX PLGMRO POGMR
PLGMR1 P1GMR
0x0364 Port2-3 GCI Monitor RX PLGMR2 P2GMR
PLGMR3 P3GMR
0x0368 Port0-1 GCI Monitor TX PLGMTO POGMT
PLGMT1 P1GMT
0x036C | Port2-3 GCI Monitor TX PLGMT2 P2GMT
PLGMT3 P3GMT
0x0370 GCI Monitor TX Status PLGMTS PGMTS
GCI Monitor TX abort PLGMTA PGMTA
0x0374 Port0-3 GCI C/I RX PLGCIRO POGCIR
PLGCIR1 P1GCIR
PLGCIR2 P2GCIR
PLGCIR3 P3GCIR
0x0378 Port0-3 GCI C/I TX PLGCITO POGCIT
PLGCIT1 P1GCIT
PLGCIT2 P2GCIT
PLGCIT3 P3GCIT
0x037C GCI C/I TX Status PGCITSR No change
0x0384 Port0-1 Periodic Status PLPSRO POPSR
PLPSR1 P1PSR
0x0388 Port2-3 Periodic Status PLPSR2 P2PSR
PLPSR3 P3PSR
0x038C | Aperiodic Interrupt Status Register; PLASR PASR
Loop back Control PLLCR PLCR
0x0392 D Channel Request PLDRQ PDRQR
0x0394 Port0-1 Sync Delay PLSDO POSDR
PLSD1 P1SDR
0x0398 Port2-3 Sync Delay PLSD2 P2SDR
PLSD3 P3SDR
0x039C | Clock Select PLCKSEL PCSR
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Table xv. Ethernet Module Memory Map

ggsAeF: Register Name Old Mnemonic New Mnemonic
0x0840 Ethernet Control Register ECNTRL ECR
0x0844 Ethernet Interrupt Event Register IEVENT EIR
0x0848 Ethernet Interrupt Mask Register IMASK EIMR
0x084C Ethernet Interrupt Vector Status IVEC IVSR
0x0850 Ethernet Rx Ring Updated Flag R_DES_ACTIVE RDAR
0x0854 Ethernet Tx Ring Updated Flag X_DES_ACTIVE TDAR
0x0880 Ethernet MIl Data Register MII_DATA MMFR
0x0884 Ethernet MIl Speed Register MII_SPEED MSCR
0x08CC | Ethernet Receive Bound Register R_BOUND FRBR
0x08D0 Ethernet Rx FIFO Start Address R_FSTART FRSR
0x08E4 Transmit FIFO Watermark X_WMRK TFWR
OXO08EC | Ethernet Tx FIFO Start Address X_FSTART TFSR
0x0944 Ethernet Rx Control Register R_CNTRL RCR
0x0948 Maximum Frame Length Register MAX_FRM_LEN MFLR
0x0984 Ethernet Tx Control Register X_CNTRL TCR
0x0CO00 | Ethernet Address (Lower) ADDR_LOW MALR
0x0C04 |Ethernet Address (Upper) ADDR_HIGH MAUR
0x0C08 | Ethernet Hash Table (Upper) HASH_TABLE_HIGH HTUR
0x0COC | Ethernet Hash Table (Lower) HASH_TABLE_LOW HTLR
0x0C10 |Ethernet Rx Descriptor Ring R_DES_START ERDSR
0x0C14 |Ethernet Tx Descriptor Rin X_DES_START ETDSR
0x0C18 Ethernet Rx Buffer Size R_BUFF_SIZE EMRBR
0x0C40- |FIFO RAM E_FIFO EFIFO
OxODFF

Table xvi. USB Module Memory Map

'\OAfIisAeFi Register Name Old Mnemonic New Mnemonic
0x1002 USB Frame Number Register USBFNR FNR
0x1006 USB Frame Number Match Register USBFNMR FNMR
0x100A |USB Real-time Frame Monitor Register USBRTFMR RFMR
0x100E USB Real-time Frame Monitor Match Register USBRTFMMR RFMMR
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Table xvi. USB Module Memory Map (continued)

MBAR Register Name Old Mnemonic New Mnemonic

Offset
0x1013 USB Function Address Register USBFAR FAR
0x1014 USB Alternate Setting Register USBASR ASR
0x1018 USB Device Request Datal Register USBDRR1 DRR1
0x101C |USB Device Request Data2 Register USBDRR2 DRR2
0x1022 USB Specification Number Register USBSPECR SPECR
0x1026 USB Endpoint 0 Status Register USBEPSRO EPOSR
0x1028 USB Endpoint 0 IN Config Register USBEPICFGO IEPOCFG
0x102C |USB Endpoint 0 OUT Config Register USBEPOCFGO OEPOCFG
0x1030 USB Endpoint 1 Configuration Register USBEPCFG1 EP1CFG
0x1034 USB Endpoint 2 Configuration Register USBEPCFG2 EP2CFG
0x1038 USB Endpoint 3 Configuration Register USBEPCFG3 EP3CFG
0x103C | USB Endpoint 4 Configuration Register USBEPCFG4 EPACFG
0x1040 USB Endpoint 5 Configuration Register USBEPCFG5 EP5CFG
0x1044 USB Endpoint 6 Configuration Register USBEPCFG6 EP6CFG
0x1048 USB Endpoint 7 Configuration Register USBEPCFG7 EP7CFG
0x104C |USB Endpoint 0 Control Register USBEPCTLO EPOCTL
0x1052 USB Endpoint 1 Control Register USBEPCTL1 EP1CTL
0x1056 USB Endpoint 2 Control Register USBEPCTL2 EP2CTL
0x105A | USB Endpoint 3 Control Register USBEPCTL3 EP3CTL
0x105E USB Endpoint 4 Control Register USBEPCTL4 EPACTL
0x1062 USB Endpoint 5 Control Register USBEPCTL5 EP5CTL
0x1066 USB Endpoint 6 Control Register USBEPCTL6 EP6CTL
0x106A |USB Endpoint 7 Control Register USBEPCTLY EP7CTL
0x106C | USB General/Endpoint O Interrupt Status Register USBEPISRO EPOISR
0x1072 USB Endpoint 1 Interrupt Status Register USBEPISR1 EP1ISR
0x1076 USB Endpoint 2 Interrupt Status Register USBEPISR2 EP2ISR
0x107A | USB Endpoint 3 Interrupt Status Register USBEPISR3 EP3ISR
0x107E USB Endpoint 4 Interrupt Status Register USBEPISR4 EP4ISR
0x1082 USB Endpoint 5 Interrupt Status Register USBEPISR5 EP5ISR
0x1086 USB Endpoint 6 Interrupt Status Register USBEPISR6 EP6ISR
0x108A |USB Endpoint 7 Interrupt Status Register USBEPISR7 EP7ISR
0x108C | USB Endpoint O Interrupt Mask Register USBEPIMRO EPOIMR
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Table xvi. USB Module Memory Map (continued)

ngfsAeF'i Register Name Old Mnemonic New Mnemonic
0x1092 USB Endpoint 1 Interrupt Mask Register USBEPIMR1 EP1IMR
0x1096 USB Endpoint 2 Interrupt Mask Register USBEPIMR2 EP2IMR
0x109A | USB Endpoint 3 Interrupt Mask Register USBEPIMR3 EP3IMR
0x109E USB Endpoint 4 Interrupt Mask Register USBEPIMR4 EP4IMR
0x10A2 USB Endpoint 5 Interrupt Mask Register USBEPIMR5 EP5IMR
0x10A6 USB Endpoint 6 Interrupt Mask Register USBEPIMR6 EP6IMR
0x10AA |USB Endpoint 7 Interrupt Mask Register USBEPIMR7 EP7IMR
0x10AC |USB Endpoint 0 Data Register USBEPDATO EPODR
0x10BO USB Endpoint 1 Data Register USBEPDAT1 EP1DR
0x10B4 USB Endpoint 2 Data Register USBEPDAT?2 EP2DR
0x10B8 USB Endpoint 3 Data Register USBEPDAT3 EP3DR
0x10BC |USB Endpoint 4 Data Register USBEPDAT4 EP4DR
0x10CO |USB Endpoint 5 Data Register USBEPDAT5 EP5DR
0x10C4 |USB Endpoint 6 Data Register USBEPDAT6 EP6DR
0x10C8 |USB Endpoint 7 Data Register USBEPDAT7 EP7DR
0x10CE |USB Endpoint 0 Data Present Register USBEPDPO EPODPR
0x10D2 |USB Endpoint 1 Data Present Register USBEPDP1 EP1DPR
0x10D6 |USB Endpoint 2 Data Present Register USBEPDP2 EP2DPR
0x10DA |USB Endpoint 3 Data Present Register USBEPDP3 EP3DPR
0x10DE |USB Endpoint 4 Data Present Register USBEPDP4 EP4DPR
0x10E2 USB Endpoint 5 Data Present Register USBEPDP5 EP5DPR
0x10E6 USB Endpoint 6 Data Present Register USBEPDP6 EP6DPR
0x10EA |USB Endpoint 7 Data Present Register USBEPDP7 EP7DPR
0x1400- |USB Configuration RAM, 1 K Bytes USB_CFG_RAM No change
Ox17FF

The MBAR Offset column corresponds to the tables found in Appendix A,
“List of Memory Maps.” 16- and/or 8-bit wide registers may be offset by 0,

NOTE

1, 2, or 3 bytes from the offset address shown above. Refer to the

appropriate discussions in this document for actual positioning of 16- or

8-bit registers in a 32-bit long word.
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Chapter 1
Overview

This chapter provides an overview of the W8272 microprocessor features, including the major
functional components.

1.1 MCF5272 Key Features

A block diagram of the MCF5272 is shownRigure 1-1 The main features are as follows:
» Static Version 2 ColdFire viable-length RISC processor
— 32-bit address and data path on-chip
— 66-MHz processor corand bus frequency
— Sixteen general-purpose 32-8dta and address registers
— Multiply-accumulate unit (MAC) foDSP and fast multiply operations
e On-chip memories
— 4-Kbyte SRAM on CPU internal bus
— 16-Kbyte ROM on CPU internal bus
— 1-Kbyte instruction cache
* Power management
— Fully-static operation with procssr sleep and whole-chip stop modes
— Very rapid response to interrupts frone low-power sleep mode (wake-up feature)
— Clock enable/disable for each peripheral when not used

— Software-controlled disable ekternal clock input for vidally zero power consumption
(low-power stop mode)

* Two universal asynchronous/synchronoeseiver transmitters (UARTS)
— Full-duplex operation
— Based on MC68681 dual-UART (DUART) programming model
— Flexible baud rate generator
— Modem control signals available (CE8d RT$
— Processor interrupt and wakeup capability
— Enhanced Tx, Rx FIFOs, 24 bytes each
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Figure 1-1. MCF5272 Block Diagram
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Overview

» Ethernet Module
— 10 baseT capability, half or full duplex
— 100 baseT capability, half duplerdlimited throughput full duplex (MCF5272)
— On-chip transmit and receive FIFOs
— Off-chip flexible buffer descriptor rings
— Media-independent interface (Mll)
» Universal serial bus (USB) module
— 12 Mbps (full speed)
— Fully compatible wih USB 1.1 specifications
— Eight endpoints (control, bkil interrupt Rx, isochronous)
— Endpoint FIFOs
— Selectable on-chip analog interface
« External memory interface
— External glueless 8, 16, and BR-SRAM and ROM interface bus
— SDRAM controller suports 16—256 Mbit devices
— External bus configurable fd6 or 32 bits width for SDRAM
— Glueless interface to SRAM devicegh or without byte strobe inputs
— Programmable wait state generator
* Queued serial peripheral interface (QSPI)
— Full-duplex, three-wiresynchronous transfer
— Up to four chip selects available
— Master operation
— Programmable master bit rates
— Up to 16 preprogrammed transfers
» Timer module
— 4x16-bit general-purme multi-mode timer
— Input capture and output compauins for timers 1 and 2
— Programmable prescaler
— 15-nS resolution at 66-MHz clock frequency
— Software watchdog timer
— Software watchdog can generaiterrupt before reset
— Processor interrupt for each timer
* Pulse-width modulation (PWM) unit
— Three identical channels
— Independent prescaler TAP point
— Period/duty range variable
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» System integration module (SIM)
— System configuration including inteahand external address mapping
— System protection by hardware watchdog
— Versatile programmable giselect signals with wiastate generation logic
— Up to three 16-bit paliel input/output ports
— Latchable interrupt inputs with pragnmable priority and edge triggering
— Programmabile interrupt vexs for on-chip peripherals

» Physical layer interfazcontroller (PLIC)

— Allows connection using generrcuit interface (GCI) or intehip digital link (IDL) physical
layer protocols for 2B + D data

— Three physical interfaces
— Four time-division multiplex (TDM) ports
* |EEE 1149.1 boundary-scan test access(@dAG) for board-level testing
» Operating voltage: 3.3V £0.3V
* Operating temperature.- Y0
» Operating frequency: DC to 66 MHizpom external CMOS oscillator
» Compact ultra low-profild 96 ball-molded plastic bafjrid array package (PGBA)

1.2  MCF5272 Architecture
This section briefly describes the MCF5272 c&i®, UART, and timer modules, and test access port.

1.2.1 Version 2 ColdFire Core

Based on the concept of variable-length RISsbelogy, ColdFire combines the simplicity of
conventional 32-bit RISC architecture#h a memory-saving, variabledgth instruction set. The main
features of the MCF527&re are as follows:

» 32-bit address bus directly addses up to 4 Gbytes of address space
» 32-bit data bus

» Variable-length RISC

» Optimized instruction set fdrigh-level language constructs

» Sixteen general-purpose 32-ddta and address registers

* MAC unit for DSP applications

e Supervisor/user modésr system protection

* \ector base register tologate exception-vector table

» Special core interfacing sigfs for integrated memories

* Full debug support
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The Version 2 ColdFire core ha82-bit address bus and®2a-bit data bus. The adelss bus allows direct
addressing of up to 4 Gbytes. It supports misaliglted accesses and a bustaatibn unit for multiple
bus masters.

The Version 2 ColdFireupports an enhanced subset of the 6808Buction set. The MAC provides new
instructions for DSP applicationstherwise, Version 2 ColdFigser code runs unchanged on 68020,
68030, 68040, and 68060 processors. Theweh instructions include BCjt field, logical rotate,
decrement and branch, integer dieisiand integer multiply with a 6dit result. Also, four indirect
addressing modes have been eliminated.

The ColdFire 2 core incorporates a completeugemodule that providesal-time trace, background
debug mode, and real-time debug support.

1.2.2 System Integration Module (SIM)

The MCF5272 SIM provides the external bus interfacéiferColdFire 2 architecter It also eliminates
most or all of the glue tgic that typically supportdhe microprocessor and itdénface with the peripheral
and memory system. The SIM prdes programmable cirdsito perform address-decoding and chip
selects, wait-state insertionfenrupt handling, clocgeneration, discrete 1/0, and power management
features.

1.2.2.1 External Bus Interface

The external bus interface (EBI) haeslthe transfer of information beden the internal core and memory,
peripherals, or other processing eletsén the external address space.

1.2.2.2 Chip Select and Wait State Generation

Programmable chip seleatitputs provide signals to enable extd memory and peripheral circuits,
providing all handshakingna timing signals for automatic waitage insertion and data bus sizing.

Base memory address anddk size are programmable, with som&trietions. For example, the starting
address must be on a boundary that is a multipleedbltick size. Each chiplset is general purpose;
however, any one of the chip selects can be progranton@dvide read and write enable signals suitable
for use with most popular static RAMs and peripleaata bus width (8-hitL6-bit, or 32-bit) is
programmable on all chip selects, and further dexpidi available for protection from user mode access
or read-only access.

1.2.2.3 System Configuration and Protection

The SIM provides configuration reggers that allow general systéamctions to be controlled and
monitored. For example, all on-chipgisters can be ralated as a block by @gramming a module base
address, power management mockas be selected, and the sourcéhefmost recent RESET or BERR
can be checked. The hardware watchidagures can be enabled or diga, and the bus time-out period
can be programmed.

A software watchdog timer is alpoovided for system protection. Ifggrammed, the timer causes a reset
to the MCF5272 if it is not feeshed periodically by software.
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1224 Power Management

The sleep and stop power managetmeodes reduce power consuroptby allowing software to shut
down the core, peripherals, or the whole devicéndunactive periods. Teeduce power consumption
further, software can individually disable interchicks to the on-chip peripheral modules. The
power-saving modes are described as follows:

» Sleep mode uses interrupt control logic to alkowy interrupt condition tavake the processor. As
the MCF5272 is fully static, sleapode is simply the dabling of the core’slock after the current
instruction completes. An interrupt from any mmal or external source causes on-chip power
management logic to reenable ttore’s clock; execution resumes with the next instruction. This
allows rapid return from powatown state as compared tdynamic implementation that must
perform power-on reset processivgfore software can handle timerrupt request. If interrupts
are enabled at the appropriate priority level, progeantrol passes to thdegant interrupt service
routine.

» Stop mode is entered by the disaglof the external clock inpubhd is achieved bgoftware setting
a bit in a control register. Program executi@pstafter the current instruction. In stop mode,
neither the core nor peripherale active. The MCF5272 consumespétle power in this mode.
To resume normal operation, the externalriojgts cause the power management logic to
re-enable the external clock input. The ME2FF2 resumes program exéon from where it
entered stop mode (if no interrgre pending), or starts interrugtception processing if interrupts
are pending.

1.2.2.5 Parallel Input/Output Ports

The MCF5272 has up to three 16-bit geigurpose parallel ports, eachdiof which can be programmed
as either an input or output. Sopwat lines have dedicated pins anldest are shared with other MCF5272
functions. Some outputs have high drive current capability.

1.2.2.6 Interrupt Inputs

The MCF5272 has flexible latchedénrupt inputs each of which cgenerate a separate, maskable
interrupt with programmabliaterrupt priority level and triggeringdge (falling or rising). Each interrupt
has its own interrupt vector.

1.2.3 UART Module

The MCF5272 has two full-duplex UART modules wéh on-chip baud rate generator providing both
standard and non-standard baud rates up to 5 Mibpsnodule is functionallgquivalent to the MC68681
DUART with enhanced features inding 24-byte Tx and Rx FIFOs. Ddtamats can b§, 6, 7, or 8 bits
with even, odd, or no parity and up to 2 stop init¥/16-bit increments. Reive and transmit FIFOs
minimize CPU service call$\ wide variety of errodetection and maskahiaerrupt capability is
provided.

Using a programmable prescaleraorexternal sourcéhe MCF5272 system clesupports various baud
rates. Modem support is proad with request-to-send (RIF'&nd clear-to-send (C)8nes available
externally. Full-duplex autoechodpback, local loopback, and remtiepback modes can be selected.
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The UART can be programmed to interrupt or wageghe CPU on various normal or abnormal even's.
To reduce power consumption, the UART t&ndisabled by softwa if not in use.

1.2.4 Timer Module

The timer module contains five timers arrathge two submodules. One submodule contains a
programmable software wéitdog timer. The other contains fondependent, identical general-purpose
timer units, each containiragfree-running 16-biimer for use in various ades, including capturing the
timer value with an external evengunting external eventss, triggering an externalgnal or interrupting
the CPU when the timer reaches a set value. Eathasan 8-bit prescalerrfderiving the clock input
frequency from the system clock @xternal clock input. The outputpassociated with each timer has
programmable modes.

To reduce power consumption, the timesdule can be disabled by software.

1.25 Test Access Port

For system diagnostics and manudaing testing, the MCF5272 includessusaccessible test logic that
complies with the IEEE 1149.1 standd&od boundary scan testing, ofteriewed to as JTAG (Joint Test
Action Group). The IEEE 1149.1 Standard provides more information.

1.3 System Design

This section presents issues to consider vaesigning with the MCF5272. ttescribes differences
between the MCF5272 (core and péerals) and various other standeothponents that are replaced by
moving to an integrated device like the MCF5272.

1.3.1 System Bus Configuration

The MCF5272 has flexibilityn its system bus inteating due to the dynamic bsiing feature in which
32-,16-, and 8-bit data buges are programmable on a per-chipdddasis. The progmmable nature of
the strobe signals (including @BD, R/W, BY3:0], and C®) should ensure that extml decode logic is
minimal or nonexistent. Configurah software is required upon powen reset before chip-selected
devices can be used, excéptchip select 0 (CS0which is active after posr-on reset until programmed
otherwise. BUSW1 and BUSWO sel#éut initial data bus width for CShly. A wake-up from sleep mode
or a restart from stop mode does regjuire reconfiguration of the chgelect registers or other system
configuration registers.

1.4  MCF5272-Specific Features
This section describes feadgrpeculiar to the MCF5272.

1.4.1 Physical Layer Interface Controller (PLIC)

The physical layer interface contrali@LIC) allows the MCF5272 tooninect at a physical level with
external CODECs and other peripHetavices that use either the gealesircuit interface (GCI), or
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interchip digital link (IDL), physicalayer protocols. This module pgimarily intended to facilitate
designs that includSDN interfaces.

1.4.2 Pulse-Width Modulation (PWM) Unit

The PWM unit is intended for use inrdrol applications. With a suitabledepass filter, it can be used as
a digital-to-analog converter. Thsodule generates a synchronous serigmilses. The duty cycle of the
pulses is under software control.
Its main features include the following:

* Double-buffered width register

» Variable-divide prescale

» Three identical, indeendent PWM modules

* Byte-wide width register providggogrammable contt@f duty cycle.
The PWM implements a simple freeaning counter with a width registand comparator such that the
output is cleared when the counter exceeds the vhthe width register. When the counter wraps around,

its value is not greater than thedi¥i register value, and the outpuset high. With a suitable low-pass
filter, the PWM can be used as a digital-to-analog converter.

1.4.3 Queued Serial Peripheral Interface (QSPI)

The QSPI module provides a seriafipberal interface with queued tisfer capability. It supports up to
16 stacked transfers at a time, making CPU ietetion between transferanecessary. Transfer RAMs
in the QSPI are indirectlgccessible using address anthdagisters. Functionaliig similar to the QSPI
portion of the QSM (queued seriabdule) implemented in the MC68332.
The QSPI has the following features:

* Programmable queue to support up tdrh@sfers without user intervention

» Supports transfer sizes of 816 bits in 1-bit increments

* Four peripheral chip-select linés control of up to 15 devices

* Baud rates from 129.4 Kbps 33 Mbps at 66 MHz.

* Programmable delays before and after transfers

* Programmable clock phase and polarity

» Supports wrap-around mode for continuous transfers

144 Universal Serial Bus (USB) Module

The USB controller on the MCF5272 supports dewvnode data communications with a USB host
(typically a PC). One host and up to 127 atéatperipherals share USB bandwidth through a
host-scheduled, token-basedtocol. The USB uses a test star topology with laub at the center of each
star. Each wire segment is a point-to-point catine between the host connector and a peripheral
connector.
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Chapter 2
ColdFire Core

This chapter provides an overview of the micropssoe core of the MCF5272. The chapter describes the
V2 programming model as it isiplemented on the MCF5272. It alswludes a full description of
exception handling, data formats, iastruction set summary, aadable of instruction timings.

2.1 Features and Enhancements

The MCF5272 is the most highly-inpated V2 standard product, camting a variety of communications
and general-purpose peripherals. W2ecore was designed to maxigicode density and performance
while minimizing die area.

The following list sumrarizes MCF5272 features:

» Variable-length RISC Versn 2 microprocessor core

» Two independent, decoupled pipelines—two-stag&uction fetch pipefie (IFP) and two-stage
operand execution pipeline (OEP)

» Three longword FIFO buffer providelecoupling between the pipelines
» 32-bit internal address bus suppogtd Gbytes of linear address space
» 32-bit data bus

» 16 user-accessible, 32-bitahe, general-purpose registers

e Supervisor/user modésr system protection

* \ector base register tologate exception-vector table

* Optimized for high-level language constructs

2.1.1 Decoupled Pipelines

The IFP prefetches instructions.eT®EP decodes instructions, fetslequired operands, then executes
the specified function. The two ingendent, decoupled pipeline stuurets maximize performance while
minimizing core size. Pipeale stages are shownkigure 2-1and are summarized as follows:

» Two-stage IFP (plus optional instruction buffer stage)
— Instruction address genéan (IAG) calculates thaext prefetch address.
— Instruction fetch cycle (IC) initiates predéton the processor’s local instruction bus.
— Instruction buffer (IB) optional stage uses FIg@eue to minimize effects of fetch latency.
* Two-stage OEP
— Decode, select/operand fetch (DSOC) desdte instruction and selects the required
components for the effective addressuakdtion, or the operand fetch cycle.
— Address generation/execute (Al%Ecalculates the operand adds, or performs the execution
of the instruction.
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Figure 2-1. ColdFire Pipeline

21.1.1 Instruction Fetch Pipeline (IFP)

The IFP generates instruction addresses and &etBleeause the fetch and execution pipelines are
decoupled by a three longword FIFO buffer, the IRPpgr@fetch instructions bere the OEP needs therr,
minimizing stalls.

2.1.1.2 Operand Execution Pipeline (OEP)

The OEP is a two-stage pipeline ig@tg a traditional RISC datapattith a register file feeding an
arithmetic/logic unit (ALU). For simlp register-to-register instruohs, the first stage of the OEP
performs the instruction decode detthing of the required registeperands (OC), while the actual
instruction execution is perfored in the second stage (EX).

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

* The instruction is decoded and the compameinthe operand addeare selected (DS).

* The operand address is genedlaising the execute engine (AG).

* The memory operand is fetched while any stagi operand is simuti@ously fetched (OC).

* The instruction is executed (EX).
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For register-to-memory operations, the stagetfans (DS/OC, AG/EX) are effectively performed
simultaneously allowing single-cycle executionr Fead-modify-write instructions, the pipeline
effectively combines a memory-to-retgr operation with a store operation.

21121 lllegal Opcode Handling

On Version 2 ColdFire implementations, onlyrsmillegal opcodes (0x00Ghd 0x4AFC) are decoded
and generate an illegal instructiexception. Additionally, attempting toeaute an illegal line A or line F
opcode generates unique exception types. lioéimgr unsupported opcodedsecuted, the resulting
operation is undefined.

21122 Hardware Multiply/Accumulate (MAC) Unit

The MAC is an optional unit in Veie 2 that provides haveare support for a limitéset of digital signal
processing (DSP) operations usednmbedded code, while supporting thiger multiply instructions in
the ColdFire microprocessor familjhe MAC features a three-stageseution pipeline, optimized for 16
x 16 multiplies. It is tightly coupled to the ®Ewhich can issue a 16 x 16 multiply with a 32-bit
accumulation plus fetch a 32-bit gpad in a single cycle. A 32 x 32 ftiply with a 32-bit accumulation
requires three cycles before thext instruction can be issued.

Figure 2-2shows basic functionality of the MAC. A fudkt of instructions are provided for signed and
unsigned integers plus signed, fixpoint fraction&input operands.

Operand Y Operand X

Shift 0,1,-1

Accumulator

\/
Figure 2-2. ColdFire Multiply-Accumulate Functionality Diagram
The MAC provides functionality in the following threelated areas, which are described in detail in
Chapter 3, “Hardware Multiply/Accumulate (MAC) Uriit
* Signed and unsigned integer multiplies
» Multiply-accumulate opeations with signed andgnsigned fractional operands
* Miscellaneous register operations
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2.1.1.2.3 Hardware Divide Unit

The hardware divide unit performs tfidlowing integer division operations:
» 32-bit operand/16-bit operand producing allitquotient and 46-bit remainder
» 32-bit operand/32-bit opemd producing a 32-bit quotient
» 32-bit operand/32-bit operamadoducing a 32-bit remainder

2.1.2 Debug Module Enhancements

The ColdFire processor core debug interface suppgstem integration inanjunction with low-cost
development tools. Real-time teand debug information can be asasl through a standard interface,
which allows the processor and system to be debugdatl sppeed without costly in-circuit emulators.
On-chip breakpoint resources include the following:
» Configuration/statusegister (CSR)
* Bus attributes and mask register (AATR)
» Breakpoint registers. These can be used fio@lé&riggers combining address, data, and PC
conditions in single- or dual-level fil@tions. They include the following:
— PC breakpoint register (PBR)
— PC breakpoint mastegister (PBMR)
— Data operand address breakpoegisters (ABHR/ABLR)
— Data breakpoint register (DBR)
» Data breakpoint magiegister (DBMR)
» Trigger definition register (TDRjan be programmed to generate a processor halt or initiate a
debug interrupt exception

These registers can be accesseaolin the dedicated debug serial cammmgation channel, or from the
processor’s supervisor programmingatel, using the WDEBUG instruction.

2.2  Programming Model

The MCF5272 programming model consists of thnsé&uction and register groups—user, MAC (also
user-mode), and supervisor, showrkrigure 2-2 User mode programs arestected to user and MAC
instructions and programming modeBipervisor-mode system softwasn reference laliser-mode and
MAC instructions and registers andditional supervisor instructionsd control registers. The user or
supervisor programming modslselected based on SR[S]. The foliogvsections desdye the registers
in the user, MAC, and supervisor programming models.

2.2.1 User Programming Model

As Figure 2-3shows, the user programming modehsists of the following registers:

* 16 general-purpose 32-bitgisters, DO—-D7 and AO-A7
* 32-bit program counter
» 8-bit condition code register
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31 0
_ DO Data registers
D1
D2
D3
D4
D5
D6
D7
31 0
AO Address registers
0 Al
% A2
> A3
4 A4
?) A5
-] A6
A7 Stack pointer
PC Program counter
CCR Condition code register
31 0
MACSR MAC status register
ACC MAC accumulator
MASK MAC mask register
15
T 31 19 | (CCR)|SR Status register
5 0 | Must be zeros |VBR Vector base register
g o CACR Cache control register
by -% ACRO Access control register 0
%@ ACR1 Access control register 1
i ROMBAR ROM base address register
RAMBAR RAM base address register
MBAR Module base address register

Figure 2-3. ColdFire Programming Model

2.2.1.1 Data Registers (D0-D7)

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

2.2.1.2 Address Registers (A0—-A6)

The address registers (AO—A&n be used as software stack posterdex registers, or base address
registers and may be used Yoord and longword operations.

2.2.1.3 Stack Pointer (A7, SP)

The processor core suppaatsingle hardware stackipter (A7) used during atking for subroutine calls,
returns, and exception handling. The stack pointenpdicitly referenced by céain operations and can
be explicitly referenced bgny instruction specifying aaddress register. The initiaalue of A7 is loaded
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from the reset exception vectoddress 0x0000. The same register is dsedser andgervisor modes,
and may be used for woeihd longword operations.

A subroutine call saves theggram counter (PC) on theassk and the return restores the PC from the stack.
The PC and the statugister (SR) are saved time stack during exceptioma interrupt processing. The
return from exception instruction restsrSR and PC values from the stack.

2.2.1.4 Program Counter (PC)

The PC holds the address of the executing iostnu. For sequential instructions, the processor
automatically increments the PC. When program fttsanges, the PC is updated with the target
instruction. For some instructiorthe PC specifies the a address for PC-relative operand addressing
modes.

2.2.1.5 Condition Code Register (CCR)

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

7 6 5 4 3 2 1 0
Field — X ‘ N | z ‘ v ‘ c
Reset 000 Undefined
RIW R RIW ‘ RIW | RIW ‘ RIW ‘ RIW

Figure 2-4. Condition Code Register (CCR)
CCR fields are described Trable 2-1

Table 2-1. CCR Field Descriptions

Bits | Name Description

7-5 — Reserved, should be cleared.

4 X Extend condition code bit. Assigned the value of the carry bit for arithmetic operations; otherwise not
affected or set to a specified result. Also used as an input operand for multiple-precision arithmetic.

N Negative condition code bit. Set if the msb of the result is set; otherwise cleared.

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

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

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

MCF5272 ColdFire® Integrated Microprocessor User’s Manual, Rev. 3
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2.2.1.6 MAC Programming Model

Figure 2-3shows the registers in the MAC portion o tiiser programming model. These registers are
described as follows:

* Accumulator (ACC)—This 32-bit, eal/write, general-purpose re@isis used to accumulate the
results of MAC operations.

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

* MAC status register (MACSR)Fhis 8-bit register definesoafiguration of the MAC unit and
contains indicator flags affectéy MAC instructions. Unless ned otherwise, MACSR indicator
flag settings are based on thedli result, that is, the reswit the final operation involving the
product and accumulator.

2.2.2 Supervisor Programming Model

The MCF5272 supervisor programming model is shovisidare 2-3 Typically, system programmers use
the supervisor programming modelitaplement operating system furats and provide memory and 1/O
control. The sup®isor programming modg@rovides access to the user stgis and additional supervisor
registers, which include the upper bgfehe status register (SR), thector base register (VBR), and
registers for configuring attributed the address space connecteth&oVersion 2 processor core. Most
supervisor-mode registers are accessed by ustgI@VEC instruction with the control register
definitions inTable 2-2

Table 2-2. MOVEC Register Map

Rc[11-0] Register Definition

0x002 Cache control register (CACR)

0x004 Access control register 0 (ACRO)
0x005 Access control register 1 (ACR1)
0x801 Vector base register (VBR)

0xCO00 ROM base address register

0xC04 RAM base address register (RAMBAR)
O0xCOF Module base address register (MBAR)

MCF5272 ColdFire® Integrated Microprocessor User’s Manual, Rev. 3
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2221

The SR stores the processor statusjnterrupt priority msk, and other control bitSupervisor software
can read or write the @re SR; user software can readwrite only SR[7-0], described 8ection 2.2.1.5,
“Condition Code Register (CCR)The control bits indiate processor states—trace mode (T), supervisor

Status Register (SR)

or user mode (S), and master demupt state (M). SR is set to OxX7after reset.

Field
Reset
R/W

15 8 7 0
System Byte Condition Code Register (CCR)
T — S M — I — X N 4 \% C
0 1 0 0 111 000 — — — — —
R/W R/W | RIW R R/W R R/W | RIW | RIW | RIW | RIW

Figure 2-5. Status Register (SR)

Table 2-3describes SR fields.

Table 2-3. Status Field Descriptions

Bits | Name Description

15 T Trace enable. When T is set, the processor performs a trace exception after every instruction.

13 S Supervisor/user state. Indicates whether the processor is in supervisor or user mode
0 User mode
1 Supervisor mode

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

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

7-0 | CCR |Condition code register. See Figure 2-4.

2.2.2.2 Vector Base Register (VBR)

The VBR holds the base address of the exceptiotovéable in memory. The displacement of an
exception vector is added to thduain this register to accessthector table. VBR[19-0] are not

implemented and are assumed to be zero, forcengehtor table to bdigned on a 0-modulo-1-Mbyte

boundary.
31 20 19 0
Field| Exception vector table base address —
Reset 0000_0000_0000_0000_0000_0000_0000_ 0000
R/W| Written from a BDM serial command or from the CPU using the MOVEC instruction. VBR can be read from
the debug module only. The upper 12 bits are returned, the low-order 20 bits are undefined.
Rc[11-0] 0x801
Figure 2-6. Vector Base Register (VBR)
MCF5272 ColdFire® Integrated Microprocessor User’s Manual, Rev. 3
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2.2.2.3 Cache Control Register (CACR)

The CACR controls operation of the instruction dath cache memory. It includes bits for enabling,
freezing, and invalidating cache contents. It alsauishes bits for defining the default cache mode and
write-protect fields. SeBection 4.5.3.1, “Cache Coat Register (CACR)

2224 Access Control Registers (ACRO-ACR1)

The access control registers (ACR®&R1) define attributes for twuser-defined memory regions.
Attributes include definition ofache mode, write protect, and buffer write enablesS8egon 4.5.3.2,
“Access Control Regists (ACRO and ACRY1)

2.2.25 ROM Base Address Register (ROMBAR)

The ROMBAR base address register determine®#se address of the internal ROM module and
indicates the types of references mapped to it. ROBIBAR includes a base addhs, write-potect bit,
address space mask bits, and an enable. NotitéhstCF5272 ROM contains data for the HDLC module
and is not user programmable. S&ztion 4.4.2.1, “ROM Base Address Register (ROMBAR)

2.2.2.6 RAM Base Address Register (RAMBAR)

The RAMBAR register determinesetbase address locatiohthe internal SRAMModule and indicates
the types of references mappedttdhe RAMBAR includes a base a@ds, write-protect bit, address
space mask bits, and an enable. The RAM basessidiust be aligned on a 0-modulo-4-Kbyte boundary.
SeeSection 4.3.2.1, “"SRAM Base Address Register (RAMBAR)

2.2.2.7 Module Base Address Register (MBAR)

The module base address regiBAR) defines the logical baseldress for the memory-mapped space
containing the control registeiar the on-chip peripherals. S8ection 6.2.2, “Module Base Address
Register (MBARY)’

2.3 Integer Data Formats

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

Table 2-4. Integer Data Formats

Operand Data Format Size
Bit 1 bit
Byte integer 8 bits
Word integer 16 bits
Longword integer 32 bits
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2.4  Organization of Data in Registers

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

2.4.1 Organization of Integer Data Formats in Registers

Figure 2-7shows the integer format for datgisters. Each integer datgister is 32 bitsvide. Byte and
word operands occupy the lowerd&id 16-bit portions of integer datgisters, respectively. Longword
operands occupy the entire 32 bits of integer data ezgish data register tha either a source or
destination operand only uses or changes the appmpowaer 8 or 16 bits in byte or word operations,
respectively. The remaining high-org®rtion does not changghe least significant b(tsb) of all integer
sizes is zero, the most-significant bit (msb) odragword integer is 31, the msb of a word integer is 15,
and the msb of a byte integer is 7.

31 30 1 0

‘msb‘ ‘ Isb | Bit (0 & bit number & 31)
31 8 7 6 1 0

‘ Not used ‘msb‘ Low order byte ‘ Isb | Byte (8 bits)
31 16 15 14 1 0

‘ Not used ‘msb‘ Lower order word ‘ Isb | Word (16 bits)
31 30 1 0

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

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

The instruction set encodings do not allow the ussddfess registers for leysized operands. When an
address register is a source opéraeither the low-order word ordlentire longword operand is used,
depending on the operation size. Waedgth source operands are sign-eatsl to 32 bits and then used
in the operation with an address i#gr destination. When an addreggister is a destination, the entire
register is affected, regdess of the operation siZeigure 2-8shows integer formats for address registers.

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

31 0
‘ Full 32-Bit Address Operand ‘

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

The size of control registers variascording to function. Some hawvedefined bits reserved for future
definition by Freescale. Those paufi@r bits read as zeros and mhstwritten as zeros for future
compatibility.

All operations to the SR and CCReaword-size operations. For all C@Rerations, the upper byte is read
as all zeros and is ignored whentten, regardless of privilege mode.

MCF5272 ColdFire® Integrated Microprocessor User’s Manual, Rev. 3
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2.4.2 Organization of Integer Data Formats in Memory

All ColdFire processors use agbéndian addressing scheme. Dyé&e-addressable organization of
memory allows lower addresses to correspondgbdriorder bytes. The address N of a longword data
item corresponds to the address efliigh-order word. The lower ordeord is located at address N + 2.
The address N of a word data item correspondstaddress of the high-ordeyte. The lower order byte
is located at address N + 1.ilorganization is shown iRigure 2-9

31 24 23 16 15 8 7 0
Longword 0x0000_0000

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

Longword 0x0000_0004
Word 0x0000_0004 Word 0x0000_0006

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

Longword OxFFFF_FFFC
Word OxFFFF_FFFC Word OxFFFF_FFFE
Byte OXFFFF_FFFC Byte OxFFFF_FFFD Byte OXFFFF_FFFE Byte OxFFFF_FFFF

Figure 2-9. Memory Operand Addressing
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2.5 Addressing Mode Summary

Addressing modes are categorizechioyv they are used. Data addiieg modes refer to data operands.

Memory addressing modes refer to memory operahitisrable addressing modes refer to alterable

(writable) data operandso@trol addressing modes refer to memopgrands without aassociated size.

These categories sometimes combine to form mataaive categories. Two combined classifications
are alterable memory (both alterabled memory) and data alterable (batterable and data). Twelve of
the most commonly used effective addressing mdaen the M68000 family aravailable on ColdFire

microprocessorslable 2-5summarizes these maland their categories.

Table 2-5. ColdFire Effective Addressing Modes
Category
Addressing Modes Syntax l\él_o (Ijg E'e?ci
1e 1 Data Memory Control Alterable
Register direct
Data Dn 000 reg. no. — — X
Address An 001 reg. no. — — — X
Register indirect
Address (An) 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 (d1g, An) 101 reg. no. X X X
Address register indirect with
scaled index (dg, An, 110 reg. no. X X X X
8-bit displacement Xi*SF)
Program counter indirect
with displacement (d1g, PC) 111 010 X X X —
Program counter indirect with
scaled index (dg, PC, 111 011 X X X —
8-bit displacement Xi*SF)
Absolute data addressing
Short (xxx).W 111 000 X X X —
Long (xxx).L 111 001 X X X —
Immediate HXXX> 111 100 X X — —
MCF5272 ColdFire® Integrated Microprocessor User’s Manual, Rev. 3
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2.6 Instruction Set Summary

The ColdFire instruction set assimplified versiorof the M68000 instruction set. The removed
instructions include BCD, bit fieldipgical rotate, decrement and branand integer multiply with a 64-bit
result. Nine new MAC instietions have been added.

Table 2-6lists notational conventionssed throughout this manual.

Table 2-6. Notational Conventions

Instruction Operand Syntax

Opcode Wildcard

cc Logical condition (example: NE for not equal)

Register Specifications

An Any address register n (example: A3 is address register 3)
Ay,AX Source and destination address registers, respectively
Dn Any data register n (example: D5 is data register 5)
Dy,Dx Source and destination data registers, respectively
Rc Any control register (example VBR is the vector base register)
Rm MAC registers (ACC, MAC, MASK)
Rn Any address or data register
Rw Destination register w (used for MAC instructions only)
Ry,Rx Any source and destination registers, respectively
Xi index register i (can be an address or data register: Ai, Di)

Register Names

ACC MAC accumulator register
CCR Condition code register (lower byte of SR)
MACSR MAC status register
MASK MAC mask register
PC Program counter
SR Status register
Port Names
DDATA Debug data port
PST Processor status port
Miscellaneous Operands
#<data> Immediate data following the 16-bit operation word of the instruction
<ea> Effective address
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Table 2-6. Notational Conventions (continued)

Instruction Operand Syntax

<ea>y,<ea>X Source and destination effective addresses, respectively

<label> Assembly language program label

<list> List of registers for MOVEM instruction (example: D3-D0)

<shift> Shift operation: shift left (<<), shift right (>>)

<size> Operand data size: byte (B), word (W), longword (L)
bc Instruction cache

# <vector> Identifies the 4-bit vector number for trap instructions

<> identifies an indirect data address referencing memory

<XXX> identifies an absolute address referencing memory
dn Signal displacement value, n bits wide (example: d16 is a 16-bit displacement)
SF Scale factor (x1, x2, x4 for indexed addressing mode, <<1n>> for MAC operations)

Operations

+ Arithmetic addition or postincrement indicator

- Arithmetic subtraction or predecrement indicator

X Arithmetic multiplication

/ Arithmetic division

~ Invert; operand is logically complemented

& Logical AND
| Logical OR
n Logical exclusive OR
<< Shift left (example: DO << 3 is shift DO left 3 bits)
>> Shift right (example: DO >> 3 is shift DO right 3 bits)
o] Source operand is moved to destination operand
m o Two operands are exchanged

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

If <condition> Test the condition. If the condition is true, the operations in the then clause are performed. If the condition
then <operations> |is false and the optional else clause is present, the operations in the else clause are performed. If the
else <operations> | condition is false and the else clause is omitted, the instruction performs no operation. Refer to the Bcc
instruction description as an example.
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ColdFire Core

Instruction Operand Syntax
Subfields and Qualifiers
{3 Optional operation
0 Identifies an indirect address
dy Displacement value, n-bits wide (example: dq¢ is a 16-bit displacement)
Address Calculated effective address (pointer)

Bit Bit selection (example: Bit 3 of DO)
Isb Least significant bit (example: Isb of DO)

LSB Least significant byte

LSW Least significant word

msb Most significant bit

MSB Most significant byte

MSW Most significant word

Condition Code Register Bit Names
C Carry
N Negative
\Y Overflow
X Extend
Z Zero
2.6.1 Instruction Set Summary

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

Table 2-7. User-Mode Instruction Set Summary

Instruction Operand Syntax Operand Size Operation
ADD Dy,<ea>x L Source + destination o destination
<ea>y,Dx .L
ADDA <ea>y,Ax L Source + destination o destination
ADDI #<data>,Dx L Immediate data + destination o destination
ADDQ #<data>,<ea>x L Immediate data + destination o destination
ADDX Dy,Dx L Source + destination + X o destination
AND Dy,<ea>x L Source & destination o destination
<ea>y,Dx L
ANDI #t<data>,Dx L Immediate data & destination o destination
ASL Dy,Dx L X/IC m(Dx <<Dy) mO
#<data>,Dx L X/C m(Dx << #<data>) mO
ASR Dy,Dx L MSB o (Dx >>Dy) o X/C
#<data>,Dx L MSB o (Dx >> #<data>) o X/C
Bcc <label> .B,.W If condition true, then PC +2 + d,, o PC
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Table 2-7. User-Mode Instruction Set Summary (continued)

Instruction Operand Syntax Operand Size Operation
BCHG Dy,<ea>x .B,.L ~(<bit number> of destination) o Z,
#<data>,<ea-1>x .B,.L Bit of destination
BCLR Dy,<ea>x .B,.L ~(<bit number> of destination) o Z;
#<data>,<ea-1>x .B,.L 0 o bit of destination
BRA <label> .B,.w PC+2+d, o PC
BSET Dy,<ea>x .B,.L ~(<bit number> of destination) o Z;
#<data>,<ea-1>x .B,.L 0 bit of destination
BSR <label> .B,.W SP —4 o SP; next sequential PCo (SP); PC+2+d, o PC
BTST Dy,<ea>x .B,.L ~(<bit number> of destination) o Z
#<data>,<ea-1>x .B,.L
CLR <ea>y,Dx .B,.\W,.L 0 o destination
CMP <ea>y,Ax L Destination — source
CMPA <ea>y,Dx L Destination — source
CMPI <ea>y,Dx L Destination — immediate data
DIVS <ea-1>y,Dx W Dx /<ea>y o Dx {16-bit remainder; 16-bit quotient}
<ea>y,Dx L Dx /<ea>y o Dx {32-bit quotient}
Signed operation
DIVU <ea-1>y,Dx W Dx /<ea>y o Dx {16-bit remainder; 16-bit quotient}
Dy,<ea>x L Dx /<ea>y o Dx {32-bit quotient}
Unsigned operation
EOR Dy,<ea>x L Source ” destination o destination
EORI #<data>,Dx L Immediate data " destination o destination
EXT #<data>,Dx .B oW Sign-extended destination o destination
W ol
EXTB Dx Bol Sign-extended destination o destination
HALTY None Unsized Enter halted state
JMP <ea-3>y Unsized Address of <ea> o PC
JSR <ea-3>y Unsized SP —4 o SP; next sequential PC o (SP); <ea> o PC
LEA <ea-3>y,Ax L <ea> 0 AXx
LINK AX,#<d16> AV SP -4 o0 SP; Ax o (SP); SP o Ax; SP +d16 o SP
LSL Dy,Dx L X/IC m(Dx<<Dy) mO
#<data>,Dx L X/C m(Dx << #<data>) mO
LSR Dy,Dx L 0 o (Dx>>Dy) o X/C
#<data>,Dx L 0 o (Dx >> #i<data>) o X/C
MAC Ry,RXSF L+(WuWw)o L ACC + (Ry uRx){<<1]|>>1} o ACC
L+(Lul)o.L ACC + (Ry uRx){<<1]|>>1} o ACC; (<ea>y{&MASK}) o
Rw
MACL Ry,RxSF<ea-1>y,Rw |.L+ (W uW) o .L,.L |[ACC+ (Ry uRx){<<1|>>1} o ACC
L+(Lul)o.L .L |ACC+(Ry URx){<<1]|>>1} o ACC; (<ea-1>y{&MASK}) o
Rw
MOVE <ea>y,<ea>x .B,.W,.L <ea>y 0 <ea>X
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Table 2-7. User-Mode Instruction Set Summary (continued)
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Instruction Operand Syntax Operand Size Operation
MOVE from | MASK,Rx L Rm o Rx
MAC ACC,Rx
MACSR,Rx
MACSR,CCR L MACSR o CCR
MOVE to Ry,ACC L Ry o Rm
MAC Ry,MACSR
Ry,MASK
#<data>,ACC L #<data> o Rm
#<data>,MACSR
#<data>,MASK
MOVE from | CCR,Dx A CCR o0 Dx
CCR
MOVE to Dy,CCR .B Dy o CCR
CCR #<data>,CCR #<data> o CCR
MOVEA <ea>y,Ax W,L o.L Source o destination
MOVEM #<list>,<ea-2>x L Listed registers o destination
<ea-2>y,#<list> L Source o listed registers
MOVEQ #<data>,Dx Bo.L Sign-extended immediate data o destination
MSAC Ry,RxSF L-(Wuw)o.L ACC — (Ry uRx){<<1|>>1} o ACC
L-(Lul)o.L
MSACL Ry,RxSF<ea-1>y,Rw |.L-(W uW) o .L,.L |[ACC—(Ry uRx){<x<1|>>1} o ACC;
L-(Lul)o.L .L (<ea-1>y{&MASK}) oRw
MULS <ea>y,Dx WX.Wo .L Source udestination o destination
LX.Lo.L Signed operation
MULU <ea>y,Dx WX.Wo L Source udestination o destination
LX.Lo.L Unsigned operation
NEG Dx L 0 — destination o destination
NEGX Dx L 0 — destination — X o destination
NOP none Unsized Synchronize pipelines; PC+2 o PC
NOT Dx L ~ Destination o destination
OR <ea>y,Dx L Source | destination o destination
Dy,<ea>x
ORI #<data>,Dx L Immediate data | destination o destination
PEA <ea-3>y L SP — 4 o SP; Address of <ea> o (SP)
PULSE none Unsized Set PST= 0x4
REMS <ea-1>,Dx L Dx/<ea>y o Dw {32-bit remainder}
Signed operation
REMU <ea-1>Dx L Dx/<ea>y o Dw {32-bit remainder}
Unsigned operation
RTS none Unsized (SP) o PC;SP +4 o0 SP
Scc Dx .B If condition true, then 1s ¢ destination;
Else Os o destination
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Table 2-7. User-Mode Instruction Set Summary (continued)

Instruction Operand Syntax Operand Size Operation
SUB <ea>y,Dx L Destination — source 0 destination
Dy,<ea>Xx L
SUBA <ea>y,AX L Destination — source o destination
SUBI #<data>,Dx .L Destination — immediate data o destination
SUBQ #<data>,<ea>x L Destination — immediate data o destination
SUBX Dy,Dx L Destination — source — X o destination
SWAP Dx W MSW of Dx m o LSW of Dx
TRAP #<vector> Unsized SP -4 o SP;PC o (SP);
SP -2 o SP;SR o (SP);
SP -2 o SP; format o (SP);
Vector address o PC
TRAPF None Unsized PC+2 o PC
#<data> A PC+4 o PC
L PC+6 o PC
TST <ea>y .B,.\W,.L Set condition codes
UNLK AX Unsized Ax 0SP; (SP) o Ax; SP+4 o SP
WDDATA <ea>y .B,.W,.L <ea>y 0 DDATA port

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

by setting CSR[UHE].

Table 2-8describes supervisor-mode instructions.

Table 2-8. Supervisor-Mode Instruction Set Summary

Instruction Operand Syntax | Operand Size Operation
CPUSHL (bc),(Ax) Unsized Invalidate instruction cache line
HALT? none Unsized Enter halted state
MOVE from SR SR, Dx A SR o0 Dx
MOVE to SR Dy,SR W Source o0 SR
#<data>,SR
MOVEC Ry,Rc L Ry o Rc
Rc Register Definition
0x002 Cache control register (CACR)
0x004  Access control register 0 (ACRO)
0x005 Access control register 1 (ACR1)
0x801 Vector base register (VBR)
0xC00 ROM base address register (ROMBAR)
0xC04 RAM base address register (RAMBAR)
OXCOF Module base address register (MBAR)
RTE None Unsized (SP+2) o0 SR; SP+4 0 SP; (SP) o PC; SP + formatfield « SP
STOP #<data> W Immediate data o SR; enter stopped state
WDEBUG <ea-2>y L <ea-2>y o debug module

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

The timing data presented in this section assumes the following:

The OEP is loaded with the opword and all iezpgiextension words at the beginning of each
instruction execution. This implies that the ®Epends no time waiting for the IFP to supply
opwords and/or extension words.

The OEP experiences no sequence-relatedipgstalls. For the MCF5272,the most common
example of this type of stall involvesmsecutive store operations, excluding the MOVEM
instruction. For all store operations (exce@@VEM), certain hardwareesources vthin the
processor are marked as busy for two clockesyelfter the final DSOC cycle of the store
instruction. If a subsequent store instructioansountered within this two-cycle window, it is
stalled until the resource agdircomes available. Thus, thexmmaum pipeline stall involving
consecutive store operations is two cycles.

The OEP can complete all memory accessdsowttmemory causing any stall conditions. Thus,
timing details in this section assume an infimégo-wait state memory attached to the core.

All operand data accesses asswaned to be aligned on the sadige boundary as the operand size:
— 16-bit operands aligned on 0-modulo-2 addresses

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

Operands that do not meee#ie guidelines are misaligné@ble 2-9shows how the core
decomposes a misaligned operand referémio a series of aligned accesses.

Table 2-9. Misaligned Operand References

A[1:0] Size Bus Operations Additional C(R/W) 1
x1 Word Byte, Byte 2(1/0) if read
1(0/1) if write
x1 Long Byte, Word, Byte 3(2/0) if read
2(0/2) if write
10 Long Word, Word 2(1/0) if read
1(0/1) if write

1 Each timing entry is presented as C(r/w), described as follows:
C is the number of processor clock cycles, including all applicable operand fetches and writes, as
well as all internal core cycles required to complete the instruction execution.
r/w is the number of operand reads (r) and writes (w) required by the instruction. An operation
performing a read-modify write function is denoted as (1/1).
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2.7.1 MOVE Instruction Execution Times

The execution times for the M&.{B,W,L} instructions areshown in the next table$able 2-12shows
the timing for the othegeneric move operations.

NOTE

For all tables in thisextion, the execution time ahy instruction using the
PC-relative effective addressing modegquivalent to the time using
comparable An-relative mode.

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

The nomenclature “(xxx).wl” refers tooth forms of absolute addressing,
(xxx).w and (xxx).l.

Table 2-10lists execution times for MOVE.{B,W} instructions.
Table 2-10. Move Byte and Word Execution Times

Destination
Source
Rx (AX) (Ax)+ —(AX) (d16,Ax) (d8,Ax,Xi*SF) (xxx).wl

Dy 1(0/0) 1(0/1) 1(0/1) 1(0/1) 1(0/1) 2(0/1) 1(0/1)

Ay 1(0/0) 1(0/1) 1(0/1) 1(0/1) 1(0/1) 2(0/1) 1(0/1)

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

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

—(Ay) 3(1/0) 31/1) 3(1/1) 3(1/1) 3(1/1) 4(1/1) 3(1/1)
(d16,Ay) 3(1/0) 3(1/1) 3(1/1) 3(1/1) 3(1/1) — —
(d8, Ay, Xi*SF) 4(1/0) 4(1/1) 4(1/1) 4(1/1) — — —
(xxx).w 3(1/0) 3(1/1) 3(1/1) 3(1/1) — — —
(xxx).1 3(1/0) 3(1/1) 3(1/1) 3(1/1) — — —
(d16,PC) 3(1/0) 3(1/1) 3(1/1) 3(1/1) 3(1/1) — —
(d8,PC,Xi*SF) 4(1/0) 4(1/1) 4(1/1) 4(1/1) — — —
H<XXX> 1(0/0) 3(0/1) 3(0/1) 3(0/1) — — —
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Table 2-11lists timings for MOVE.L.

Table 2-11. Move Long Execution Times

ColdFire Core

Destination
Source
Rx (AX) (Ax)+ —(AX) (d16,Ax) (d8,Ax,Xi*SF) (xxx).wl

Dy 1(0/0) 1(0/1) 1(0/1) 1(0/1) 1(0/1) 2(0/1) 1(0/1)

Ay 1(0/0) 1(0/1) 1(0/1) 1(0/1) 1(0/1) 2(0/1) 1(0/1)

(Ay) 2(1/0) 2(1/1) 2(1/1) 2(1/11) 2(1/1) 3(1/1) 2(1/1)

(Ay)+ 2(1/0) 2(1/1) 2(1/1) 2(1/1) 2(1/1) 3(1/1) 2(1/1)

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

Table 2-12gives execution times for MOVE.L instruati® accessing program-visible registers of the
MAC unit, along with other MOVE.L timings. Exetian times for moving contents of the ACC or

MACSR into a destination location resent the best-case scenario wihenstore instruction is executed

and no load, MAC, or MSAC instructions are ie tIAC execution pipeline. Igeneral, these store
operations require only one cycle ftecution, but if they are precedetmediately by a load, MAC, or
MSAC instruction, the MAC pipeline depthegposed and execution time is three cycles.

Table 2-12. Move Execution Times

Effective Address
Opcode <ea>

Rn (An) (An)+ —(An) | (d16,An) | (d8,An,Xi*SF) | (xxx).wl HIXXX>
move.| <ea>,ACC 1(0/0) — — — — — — 1(0/0)
move.| <ea>,MACSR 2(0/0) — — — — — — 2(0/0)
move.| <ea>,MASK 1(0/0) — — — — — — 1(0/0)
move.| ACC,Rx 1(0/0) — — — — — — —
move.| MACSR,CCR | 1(0/0) — — — — — — —
move.| MACSR,Rx 1(0/0) — — — — — — —
move.| MASK,Rx 1(0/0) — — — — — — —
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2.7.2 Execution Timings—One-Operand Instructions

Table 2-13shows standard timings femgle-operand instructions.

Table 2-13. One-Operand Instruction Execution Times

Effective Address
Opcode <ea>
Rn (An) (An)+ -(An) (d16,An) | (d8,An,Xi*SF) (xxx).wl #XXX
clr.b <ea> 1(0/0) 1(0/1) 1(0/1) 1(0/1) 1(0/1) 2(0/1) 1(0/1) —
clrw <ea> 1(0/0) 1(0/1) 1(0/1) 1(0/1) 1(0/1) 2(0/1) 1(0/1) —
clrl <ea> 1(0/0) 1(0/1) 1(0/1) 1(0/1) 1(0/1) 2(0/1) 1(0/1) —
ext.w Dx 1(0/0) — — — — — — —
ext.| Dx 1(0/0) — — — — — — —
extb.| Dx 1(0/0) — — — — — — —
neg.l Dx 1(0/0) — — — — — — —
negx.| Dx 1(0/0) — — — — — — —
not.| Dx 1(0/0) — — — — — — —
scc Dx 1(0/0) — — — — — — —
swap Dx 1(0/0) — — — — — — —
tst.b <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)
tst.| <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)

2.7.3 Execution Timings—Two-Operand Instructions

Table 2-14shows standard timingsrfowo-operand instructions.

Table 2-14. Two-Operand Instruction Execution Times

Effective Address
Opcode <ea>
Rn (An) (An)+ —(An) | (d16,An) | (d8,An,Xi*SF) | (xxx).wl HIXXX>

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.| Dy,<ea> — 3(1/1) | 3(1/1) | 3(1/1) 3(1/1) 4(1/1) 3(1/1) —
addi.l #imm,Dx 1(0/0) — — — — — — —
addaq.| #imm,<ea> 1(0/0) 3(1/1) | 3(1/1) | 3(1/1) 3(1/1) 4(1/1) 3(1/1) —
addx.| Dy,Dx 1(0/0) — — — — — — —
and.| <ea>,Rx 1(0/0) 3(1/0) | 3(1/0) | 3(1/0) 3(1/0) 4(1/0) 3(1/0) 1(0/0)
and.l Dy,<ea> — 3(1/1) | 3(1/1) | 3(1/1) 3(1/1) 4(1/1) 3(1/1) —
andi.l #imm,Dx 1(0/0) — — — — — — —

asl.| <ea>,Dx 1(0/0) — — — — — — 1(0/0)

asr.| <ea>,Dx 1(0/0) — — — — — — 1(0/0)
bchg Dy,<ea> 2(0/0) | 4(1/1) | 4/1) | 4Nn) 4(1/1) 5(1/1) 4(1/1) —
bchg #imm,<ea> 2(0/0) | 4(1/1) | 4(1) | 4@1n) 4(1/1) — — —
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Table 2-14. Two-Operand Instruction Execution Times (continued)

ColdFire Core

Effective Address
Opcode <ea>
Rn (An) (An)+ | —(An) | (d16,An) | (d8,An,Xi*SF) | (xxx).wl HIXXX>
bclr Dy,<ea> 2(0/0) | 4(1/1) | 4(/1) | 4(1n) 4(1/1) 5(1/1) 4(1/1) —
bclr #imm,<ea> 2(0/0) | 4(1/1) | 4/1) | 4@1n) 4(1/1) — — —
bset Dy,<ea> 2(0/0) | 4(1/1) | 4(/1) | 4@n) 4(1/1) 5(1/1) 4(1/1) —
bset #imm,<ea> 2(0/0) | 4(1/1) | 4(/1) | 4(1n) 4(1/1) — — —
btst Dy,<ea> 1(0/0) 3(1/0) | 3(1/0) | 3(1/0) 3(1/0) 4(1/0) 3(1/0) —
btst #imm,<ea> 1(0/0) 3(1/0) | 3(1/0) | 3(1/0) 3(1/0) — — —
cmp.| <ea>,Rx 1(0/0) 3(1/0) | 3(1/0) | 3(1/0) 3(1/0) 4(1/0) 3(1/0) 1(0/0)
cmpi.l #imm,Dx 1(0/0) — — — — — — —
divs.w <ea>,Dx 20(0/0) | 23(1/0) | 23(1/0) | 23(1/0) | 23(1/0) 24(1/0) 23(1/0) 20(0/0)
divu.w <ea>,Dx 20(0/0) | 23(1/0) | 23(1/0) | 23(1/0) | 23(1/0) 24(1/0) 23(1/0) 20(0/0)
divs.| <ea>,Dx 35(0/0) | 38(1/0) | 38(1/0) | 38(1/0) | 38(1/0) — — —
divu.l <ea>,Dx 35(0/0) | 38(1/0) | 38(1/0) | 38(1/0) | 38(1/0) — — —
eor.| Dy,<ea> 1(0/0) 3(1/1) | 3(1/1) | 3(1/1) 3(1/1) 4(1/1) 3(1/1) —
eori.l #imm,Dx 1(0/0) — — — — — — —
lea <ea>,Ax — 1(0/0) — — 1(0/0) 2(0/0) 1(0/0) —
Isl.I <ea>,Dx 1(0/0) — — — — — — 1(0/0)
Isr.| <ea>,Dx 1(0/0) — — — — — — 1(0/0)
mac.w Ry,Rx 1(0/0) — — — — — — —
mac.| Ry,Rx 3(0/0) — — — — — — —
msac.w Ry,Rx 1(0/0) — — — — — — —
msac.| Ry,Rx 3(0/0) — — — — — — —
mac.w Ry,Rx,ea,Rw — 3(1/0) 3(1/0) 3(1/0) 3(1/0) — — —
mac.| Ry,Rx,ea,Rw — 5(1/0) 5(1/0) 5(1/0) 5(1/0) — — —
moveq #imm,Dx — — — — — — — 1(0/0)
msac.w Ry,Rx,ea,Rw — 3(1/0) 3(1/0) 3(1/0) 3(1/0) — — —
msac.| Ry,Rx,ea,Rw — 5(1/0) 5(1/0) 5(1/0) 5(1/0) — — —
muls.w <ea>,Dx 4(0/0) 6(1/0) | 6(1/0) | 6(1/0) 6(1/0) 7(1/0) 6(1/0) 4(0/0)
mulu.w <ea>,Dx 4(0/0) 6(1/0) | 6(1/0) | 6(1/0) 6(1/0) 8(1/0) 6(1/0) 4(0/0)
muls.| <ea>,Dx 6(0/0) 8(1/0) | 8(1/0) | 8(1/0) 8(1/0) — — —
mulu.l <ea>,Dx 6(0/0) 8(1/0) 8(1/0) 8(1/0) 8(1/0) — — —
or.l <ea>,Rx 1(0/0) 3(1/0) | 3(1/0) | 3(1/0) 3(1/0) 4(1/0) 3(1/0) 1(0/0)
or.l Dy,<ea> — 3(1/1) | 3(1/1) | 3(1/1) 3(1/1) 4(1/1) 3(1/1) —
or.l #imm,Dx 1(0/0) — — — — — — —
rems.| <ea>,Dx 35(0/0) | 38(1/0) | 38(1/0) | 38(1/0) | 38(1/0) — — —
remu.l <ea>,Dx 35(0/0) | 38(1/0) | 38(1/0) | 38(1/0) | 38(1/0) — — —
sub.| <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)
MCF5272 ColdFire® Integrated Microprocessor User’s Manual, Rev. 3
Freescale Semiconductor 2-23



ColdFire Core

Table 2-14. Two-Operand Instruction Execution Times (continued)

Effective Address
Opcode <ea>
Rn (An) (An)+ | —(An) | (d16,An) | (d8,An,Xi*SF) | (xxx).wl HIXXX>
sub.| Dy,<ea> — 3(1/1) | 3(1/1) | 3(1/1) 3(1/1) 4(1/1) 3(1/1) —
subi.l #imm,Dx 1(0/0) — — — — — — —
subq.| #imm,<ea> 1(0/0) 3(1/1) | 3(1/1) | 3(1/1) 3(1/1) 4(1/1) 3(1/1) —
subx.| Dy,Dx 1(0/0) — — — — — — —
2.7.4 Miscellaneous Instruction Execution Times
Table 2-18lists timings for miscellaneous instructions.
Table 2-15. Miscellaneous Instruction Execution Times
Effective Address
Opcode <ea>
Rn (An) (An)+ | —(An) | (d16,An) | (d8,An,Xi*SF) | (xxx).wl | #<xxx>
cpushl (AX) — 11(0/1) — — — — — —
link.w Ay, #imm 2(0/1) — — — — — — —
move.w CCR,Dx 1(0/0) — — — — — — —
move.w <ea>,CCR 1(0/0) — — — — — — 1(0/0)
move.w SR,Dx 1(0/0) — — — — — — —
move.w <ea>,SR 7(0/0) — — — — — — 7(0/0)
movec Ry,Rc 9(0/1) — — — — — — —
movem.I! | <ea> &list — 1+n(n/0) — — 1+n(n/0) — — —
movem.| &list,<ea> — 1+n(0/n) — — 1+n(0/n) — — —
nop 3(0/0) — — — — — — —
pea <ea> — 2(0/1) — — 2(0/1)? 3(0/1)3 2(0/1) —
pulse 1(0/0) — — — — — — —
stop #mm — — — — — — — 3(0/0)*
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(1/0) —
wdebug.| <ea> — 5(2/0) — — 5(2/0) — — —
1 nis the number of registers moved by the MOVEM opcode.
2 PEA execution times are the same for (d16,PC).
3 PEA execution times are the same for (d8,PC,Xi*SF).
4
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2.7.5 Branch Instruction Execution Times

Table 2-16shows general branch instruction timing.

Table 2-16. General Branch Instruction Execution Times

Effective Address
Opcode | <ea>
Rn (An) (An)+ —(An) (d16,An) (d8,An, Xi*SF) (xxx).wl HIXXX>
bra — — — — 2(0/1) — — —
bsr — — — — 3(0/1) — — —
jmp <ea> — 3(0/0) — — 3(0/0) 4(0/0) 3(0/0) —
jsr <ea> — 3(0/1) — — 3(0/1) 4(0/1) 3(0/1) —
rte — — 10(2/0) — — — — —
rts — — 5(1/0) — — — — —

Table 2-17shows timing for Bcc instructions.

Table 2-17. Bcc Instruction Execution Times

Opcode Forward Taken Forward Not Taken Backward Taken Backward Not Taken

bce 3(0/0) 1(0/0) 2(0/0) 3(0/0)

2.8  Exception Processing Overview

Exception processing for ColdFireqmessors is streamlined for perfance. DifferenceBom previous
M68000 family processors include the following:

* A simplified exception vector table

* Reduced relocation capabilitiesngg the vector base register

* A ssingle exception stack frame format

» Use of a single, selfligning system stack pointer

ColdFire processors us@ instruction restart egption model but requiraore software support to
recover from certain access errors. $alele 2-18for detalils.

Exception processing can befined as the time from the detectadrihe fault conditioruntil the fetch of
the first handler instruction hagén initiated. It is comprised tie following four major steps:

1. The processor makes an interw@by of the SR and then entstgervisor mode by setting SR[S]
and disabling trace mode by clearing SR[T]. Theunence of an interrugixception also forces
SR[M] to be cleared and the interrupt priority méske set to the level of the current interrupt
request.

2. The processor determines the exception vextotber. For all faults except interrupts, the
processor performs this calculation based erettception type. For interrupts, the processor
performs an interrupt-acknoedge (IACK) bus cycle to obtain the vector number from a
peripheral device. The IACK cycle is mappedtspecial acknowledgeldress space with the
interrupt level encoded in the address.
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3. The processor saves the curm@ritext by creating an exceptistack frame on the system stack.

ColdFire processors support a seagtack pointer in the A7 addrasgjister; therefore, there is no
notion of separate supervisordamser stack pointers. As a riésthe exception stack frame is
created at a 0-modulo-4 addressthe top of the current systestack. Additionally, the processor
uses a simplified fixed-lengtack frame for all exceptions. The exception type determines
whether the program counter in the exceptiaclsframe defines the address of the faulting
instruction (fault) or of the nexmstruction to be executed (next).

The processor acquires the addrefsthe first instruction of thexception handler. The exception
vector table is aligned on a 1-Mbyte boundaryisThstruction address is obtained by fetching a
value from the table at the addsaedefined in the vector base tgi. The index into the exception
table is calculated as 4 x vector_number. Winenindex value is gersted, the vector table
contents determine the address of the first instmuctf the desired handlekfter the fetch of the
first opcode of the handler is initiated, exeeptprocessing terminatesmd normal instruction
processing contingen the handler.

ColdFire processors suppori@24-byte vector table aligned any 1-Mbyte address boundary; see
Table 2-18 The table contains 256 exceptivectors where the first 64eadiefined by Freescale; the
remaining 192 are user-dieéd interrupt vectors.

Table 2-18. Exception Vector Assignments

Vector Vector Offset Stacked .
Numbers (Hex) Program Counter ! Assignment
0 000 — Initial stack pointer
1 004 — Initial program counter
2 008 Fault Access error
3 oocC Fault Address error
4 010 Fault lllegal instruction
5 014 Fault Divide by zero
6-7 018-01C — Reserved
8 020 Fault Privilege violation
9 024 Next Trace
10 028 Fault Unimplemented line-a opcode
11 02C Fault Unimplemented line-f opcode
12 030 Next Debug interrupt
13 034 — Reserved
14 038 Fault Format error
15 03C Next Uninitialized interrupt
16-23 040-05C — Reserved
24 060 Next Spurious interrupt
25-31 064-07C Next Level 1-7 autovectored interrupts
32-47 080-0BC Next Trap #0—15 instructions
48-60 0C0-0FO0 — Reserved
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Table 2-18. Exception Vector Assignments (continued)

Vector Vector Offset Stacked .
Numbers (Hex) Program Counter 1 Assignment
61 OF4 Fault Unsupported instruction

6263 OF8-0FC — Reserved
64-255 100-3FC Next User-defined interrupts

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

ColdFire processors inhibit samgifior interrupts during the first insiction of all exception handlers.
This allows any handler to effectively disable intis, if necessary, by raising the interrupt mask level
contained in thetatus register.

2.8.1 Exception Stack Frame Definition

The exception stack frame is showrFigure 2-10 The first longword of th exception stack frame
contains the 16-bit format/vector web(F/V) and the 16-bit status retgr. The second longword contains
the 32-bit program counter address.

31 28 27 26 25 18 17 16 15 0
A70 Format ‘ FS[3-2] ‘ Vector[7-0] ‘ FS[l—O]‘ Status Register
+ 0x04 Program Counter [31-0]

Figure 2-10. Exception Stack Frame Form

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

* Format field—This 4-bit field athe top of the system stackabvays written with a value of
{4,5,6,7} by the processor indicatireg2-longword frame format. S@able 2-19 This field
records any longword misalignmesftthe stack pointer that ménave existed when the exception
occurred.

Table 2-19. Format Field Encoding

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

» Fault status field—The 4-bit fid| FS[3-0], at the top of the systatack is defined for access and
address errors along with intepted debug service routines. Sedle 2-20
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Table 2-20. Fault Status Encodings

FS[3-0] Definition

0000-001x Reserved

0100 Error on instruction fetch
0101-011x Reserved

1000 Error on operand write

1001 Attempted write to write-protected space
101x Reserved

1100 Error on operand read

1101-111x | Reserved

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

2.8.2 Processor Exceptions

Table 2-21describes MCF5272 exceptions.
Table 2-21. MCF5272 Exceptions

Exception Description

Access Error | Caused by an error when accessing memory. For an access error on an instruction fetch, the processor
postpones the error reporting until the instruction at the faulted reference is executed. Thus, faults that occur
during instruction prefetches that are followed by a change of instruction flow do not generate an exception.
When the processor attempts to execute an instruction with a faulted opword or extension word, the access
error is signaled, and the instruction is aborted. For this type of exception, the programming model is not
altered by the faulted instruction.

If an access error occurs on an operand read, the processor immediately aborts the current instruction
execution and initiates exception processing. In this case, any address register changes caused by the
auto-addressing modes, (An)+ and -(An), have already occurred. In addition, if an access error occurs during
the execution of a MOVEM instruction loading from memory, registers updated before the fault occurs contain
the memory operand.

Due to the processor pipeline implementation, a write cycle may be decoupled from the execution of the
instruction causing the write. Thus, if an access error occurs on an operand write, the signaling of the error is
imprecise. Accordingly, the PC contained in the exception stack frame represents the location in the program
when the access error is signaled, not necessarily the instruction causing the fault. All programming model
updates associated with the write instruction are complete. The NOP instruction can be used to help identify
write access errors. A NOP is not executed until all previous operations, including any pending writes are
complete. Thus if any previous write terminates with an access error, it is guaranteed to be reported on the
NOP.

Address Error | Caused by an attempted execution transferring control to an odd instruction address (that is, if bit O of the target
address is set), an attempted use of a word-sized index register (Xi.w) or a scale factor of 8 on an indexed
effective addressing mode, or attempted execution of an instruction with a full-format indexed addressing
mode.
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Table 2-21. MCF5272 Exceptions (continued)

Exception Description
lllegal On Version 2 ColdFire implementations, only some illegal opcodes (0x0000 and 0x4AFC) are decoded and
Instruction | generate an illegal instruction exception. Additionally, attempting to execute an illegal line A or line F opcode

generates unique exception types: vectors 10 and 11, respectively. If any other nonsupported opcode is
executed, the resulting operation is undefined.

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

Divide by Zero

Attempted division by zero causes an exception (vector 5, offset = 0x014) except when the PC points to the
faulting instruction (DIVU, DIVS, REMU, REMS).

Privilege
Violation

Caused by attempted execution of a supervisor mode instruction while in user mode. The ColdFire
Programmer’s Reference Manual lists supervisor- and user-mode instructions.

Trace
Exception

ColdFire processors provide instruction-by-instruction tracing. While the processor is in trace mode

(SR[T] = 1), instruction completion signals a trace exception. This allows a debugger to monitor program
execution.

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

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

Debug
Interrupt

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

RTE and
Format Error
Exceptions

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

For a ColdFire processor, any attempted execution of an RTE where the format is not equal to {4,5,6,7}

generates a format error. The exception stack frame for the format error is created without disturbing the

original exception frame and the stacked PC points to RTE.The selection of the format value provides limited

debug support for porting code from M68000 applications. On M68000 Family processors, the SR was at the

top of the stack. Bit 30 of the longword addressed by the system stack pointer is typically zero; so, attempting

an RTE using this old format generates a format error on a ColdFire processor.

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

1 Reloads the SR operand.

2 Fetches the second longword operand.

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

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

TRAP

Executing TRAP always forces an exception and is useful for implementing system calls. The trap instruction
may be used to change from user to supervisor mode.
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Table 2-21. MCF5272 Exceptions (continued)

Exception Description

Interrupt Interrupt exception processing, with interrupt recognition and vector fetching, includes uninitialized and
Exception spurious interrupts as well as those where the requesting device supplies the 8-bit interrupt vector.

Reset Asserting the reset input signal (RSTI) causes a reset exception. Reset has the highest exception priority; it
Exception provides for system initialization and recovery from catastrophic failure. When assertion of RSTI is recognized,
current processing is aborted and cannot be recovered. The reset exception places the processor in supervisor
mode by setting SR[S] and disables tracing by clearing SR[T]. This exception also clears SR[M] and sets the
processor’s interrupt priority mask in the SR to the highest level (level 7). Next, the VBR is initialized to
0x0000_0000. Configuration registers controlling the operation of all processor-local memories (cache and
RAM modules on the MCF5272) are invalidated, disabling the memories.

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

If the processor is not halted and it has ownership of the bus, it initiates the reset exception by performing two

longword read bus cycles. The longword at address 0 is loaded into the stack pointer and the longword at

address 4 is loaded into the PC. After the initial instruction is fetched from memory, program execution begins

at the address in the PC. If an access error or address error occurs before the first instruction executes, the

processor enters the fault-on-fault halted state.

If a ColdFire processor encounters/dype of fault duringhe exception processing of another fault, the
processor immediately halexecution with the catasphic fault-on-fault conditin. A reset is required to
force the processor to exit this halted state.
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Chapter 3
Hardware Multiply/Accumulate (MAC) Unit

This chapter describes the MCF5272 multiply/accuteul®AC) unit, which executes integer multiply,
multiply-accumulate, and miscellamgs register instructions. The MAis integrated into the operand
execution pipeline (OEP).

3.1 Overview

The MAC unit provides hardware support for a limisad of digital signal prmessing (DSP) operations
used in embedded code, while suppaytihe integer multiply instructions the ColdFire microprocessor
family.

The MAC unit provides signal procgrg capabilities for the MCF5272 a variety of applications
including digital audio and seo control. Integrated as an exeoutunit in the processor’s OEP, the MAC
unit implements a three-stage aritttim pipeline optimized for 16 X6 multiplies. Both 16- and 32-bit
input operands are supported by thisige in addition to a full set @xtensions for signed and unsigned
integers plus signed, fixed-paifractional input operands.

The MAC unit provides functiotidy in three related areas:
* Signed and unsigned integer multiplies
* Multiply-accumulate operains supporting signed, unsigneddasigned fractional operands
* Miscellaneous register operations

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

Operand Y Operand X

Shift 0,1,-1

Accumulator

Y
Figure 3-1. ColdFire MAC Multiplication and Accumulation
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The MAC unit is tightly coupled to the OEP and teat a three-stage execution pipeline. To minimize
silicon costs, the ColdFire MAC is optimized o8 x 16 multiply instructions. The OEP can issue a
16 x 16 multiply with a 32-bit accumulation andde a 32-bit operand in the same cycle. A 32 x 32
multiply with a 32-bit accumulation takes three @gcbefore the next insiction can be issueBigure 3-1
shows the basic functionality of tiiéoldFire MAC. A full set of inguctions is provided for signed and
unsigned integers plus signed, fixpoint, fractionhinput operands.

The MAC unit is an extension of the basic mulgpliound on most micropeessors. It can perform
operations native to signal processing algorithms iacaeptable number of cycles, given the application
constraints. For example, small i filters can tolerate some variance in the execution time of the
algorithm; larger, more complicated algorithms saslorthogonal transforms may have more demanding
speed requirements exceeding thegsoof any processordnitecture and requiringfully developed DSP
implementation.

The M68000 architecture was nosdged for high-speed signal pessing, and a large DSP engine
would be excessive in an embedded environnerstriking a middle ground between speed, size, and
functionality, the ColdFire MAC unis optimized for a small set of aions that involve multiplication
and cumulative additions. Specifically, the muleplarray is optimized for single-cycle, 16 x 16
multiplies producing a 32-bit resultjith a possible accumulation cgdollowing. This is common in a
large portion of signal processingmications. In additiorthe ColdFire core architecture has been
modified to allow for an operand fetch in paralieth a multiply, increasig overall performance for
certain DSP operations.

3.1.1 MAC Programming Model

Figure 3-2shows the registers in the MAC tion of the user programming model.

31 0
MACSR MAC status register
ACC MAC accumulator
MASK MAC mask register

Figure 3-2. MAC Programming Model

These registers are described as follows:

* Accumulator (ACC)—This 32-bit, eal/write, general-purpose re@isis used to accumulate the
results of MAC operations.

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

* MAC status register (MACSR)Fhis 8-bit register definesoafiguration of the MAC unit and
contains indicator flags affected by MAC instioas. Unless noted otherwise, the setting of
MACSR indicator flags is Is®d on the final resuthat is, the result dhe final operation involving
the product and accumulator.
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3.1.2 General Operation

The MAC unit supports the ColdFineteger multiply instructionMULS and MULU) and provides
additional functionality for multiplyaccumulate operations. The added ®iéstructions to the ColdFire
ISA provide for the multiplication of two numbers, fmed by the addition or subtraction of this number
to or from the value containedtime accumulator. The produmay be optionally shiéd left or right one
bit before the addition or subtramt takes place. Hardware suppiont saturation arithmetic may be
enabled to minimize software ovedd when dealing with potent@aerflow conditions using signed or
unsigned operands.

These MAC operations treat the operaag®ne of the following formats:
* Signed integers
* Unsigned integers
» Signed, fixed-pointfractional numbers

To maintain compactness, the MAtdule is optimized for 16-bit nitiplications. Two 16-bit operands
produce a 32-bit product. Longword oatons are performed by reusing th6-bit multiplier array at the
expense of a small amount of extrontrol logic. Again, the produof two 32-bit operands is a 32-bit
result. For longword integer operatiosly the least signifieat 32 bits of the mduct are calculated. For
fractional operations, the entire 63-bit product is catedland then either truneator rounded to a 32-bit
result using the round-to-nearest (even) method.

Because the multiplier array is implented in a 3-stage pipeline, MAGsiructions can have an effective
issue rate of one clock for word operations, thioedongword integer operations, and four for 32-bit
fractional operations. Arithntie operations use register-basepunoperands, and summed values are
stored internally in the accumulator. Thus, an add#l MOVE instruction is necsary to store data in a
general-purpose register. MAC instriocis can choose the upper or lowerdvof a register as the input,
which helps filtering operations in wii®ne data register is loaded wirtiput data and another is loaded
with coefficient data. Two 16-bNIAC operations can bgerformed without fetaing additional operands
between instructions by alternatingtivord choice during the calculations.

The need to move large amountslata quickly can limit throughput RSP engines. However, data can
be moved efficiently by using the MOVEM instruati, which automatically generates line-sized burst
references and is ideal for filling registers quickijhwnput data, filter codicients, and output data.
Loading an operand from memory into a regisii@ing a MAC operation nk&s some DSP operations,
especially filtering and govolution, more manageable.

The MACSR has a 4-bit operatiomabde field and three conditiorafis. The operational mode bits
control the overflow/saturation mode, whether opdsaare signed or unsighevhether operands are
treated as integers oafitions, and how rounding is performed. Nega zero, and overfie flags are also
provided.

The three program-visible MAC regjers, a 32-bit accumulator (AC@he MAC mask register (MASK),
and MACSR, are described $ection 3.1.1, “MAC Programming Model
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3.1.3 MAC Instruction Set Summary

The MAC unit supports the integer multiply operatide$ined by the baseline ColdFire architecture end
the new multiply-accumulate instructioi@ble 3-1summarizes the MAC unit instruction set.

Table 3-1. MAC Instruction Summary

Instruction Mnemonic Description
Multiply Signed MULS <ea>y,Dx Multiplies two signed operands yielding a signed result
Multiply Unsigned MULU <ea>y,Dx Multiplies two unsigned operands yielding an unsigned result
Multiply Accumulate MAC Ry,RxSF Multiplies two operands, then adds or subtracts the product to/from

MSAC Ry,RxSF the accumulator

Multiply Accumulate with | MAC Ry,RxSFRw Multiplies two operands, then adds or subtracts the product to/from
Load MSAC Ry,RXSFRw the accumulator while loading a register with the memory operand
Load Accumulator MOV.L {Ry,#imm},ACC Loads the accumulator with a 32-bit operand
Store Accumulator MOV.L ACC,Rx Writes the contents of the accumulator to a register
Load MACSR MOV.L {Ry,#imm},MACSR | Writes a value to the MACSR
Store MACSR MOV.L MACSR,Rx Writes the contents of MACSR to a register
Store MACSR to CCR MOV.L MACSR,CCR Writes the contents of MACSR to the processor’'s CCR register
Load MASK MOV.L {Ry,#imm},MASK Writes a value to MASK
Store MASK MOV.L MASK,Rx Writes the contents of MASK to a register

3.1.4 Data Representation

The MAC unit supports three basic operand types:

* Two’s complement signed integer: In this forpeat N-bit operand represents a number within the
range - < operand <ND - 1. The binary point is to thegtit of the least significant bit.

» Two’s complement unsigned integén this format, an N-bit agrand representsnumber within
the range 0 operand <N - 1. The binary point is to the right of the least significant bit.

» Two’s complement, signed fractional: In an N+umber, the first bit is #hsign bit. The remaining
bits signify the first N-Dbits after the binary poinGiven an N-bit numbeay_;ay_oan.-3..- &8418g,
its value is given by the following formula:

N-2
+ : o 1 FI=N
i=0
This format can represent numbers in the range eflexand <1 — AN-1),
For words and longwords, the greatest negativaber that can be represented is —1, whose
internal representation is 0x8000 and 0x0x8000_0000ec#sply. The most positive word is
OX7FFF or (1 - 29); the most positive longword is 0x7FFF_FFFF or (1342

3.2  MAC Instruction Execution Timings

For information on MAC instru@in execution timings, refer t8ection 2.7, “Instruction Timing
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Chapter 4
Local Memory

This chapter describes the MCF5272 implementaifdhe ColdFire Version 2 core local memory
specification. It consists @he following sections.

* Section 4.3, “"SRAM Overvieyw and Section 4.4, “ROM OvervieW describe the on-chip static
RAM (SRAM) and ROM implementations. €ke chapters covgeneral operations,
configuration, and initializationThey also provide informatioand examples showing how to
minimize power consumption wh using the ROM and SRAM.

» Section 4.5, “Instruiion Cache OvervieW describes the cache implementation, including
organization, configuration, and cohereritglescribes cache operations and how the cache
interfaces with other memory structures.

4.1 Interactions Between Local Memory Modules

Depending on configuration information, instractifetches and data readcesses may be sent
simultaneously to the SRAM, ROM, and cache cdi@rs. This approach is required because the
controllers are memory-mapped deviaed the hit/miss deteiimation is made concrently with the read
data access. Power dissipate@an be minimized byanfiguring the ROM and SRAM base address
registers (ROMBAR and RAMBAR) to maskused address spaces whenever possible.

If the access address is mapped thwregion defined by the SRAM (atids region is not masked), it
provides the data back to the presar and any cache or ROM datdigcarded. If thaccess address does
not hit the SRAM, but is mapped intiwe region defined by the ROM (atids region is not masked), the
ROM provides the data back to thecessor and any cache datdigcarded. Accesses from the SRAM
and ROM modules are never cached. The complete ti@fiiof the processor’s ¢éal bus priority scheme
for read references is as follows:
if (SRAM “hits”)
SRAM supplies data to the processor
if (ROM *“hits”)
ROM supplies data to the processor
else if (cache “hits”)
cache supplies data to the processor

else system memory reference to access
data
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4.2 Local Memory Registers

Table 4-1lists the local memory registers. Note the following:
» Addresses not assigned to the ségi and undefined register béte reserved. Write accesses to
these bits have no effect; read accesses return zeros.

* The reset value column indicates the register Iniihue at reset. Uninitieded fields may contain
random values after reset.

Table 4-1. Memory Map of Instruction Cache Registers

(usiﬁgdl\:leos\?E Q) Name Width Description Reset Value
0x002 CACR 32 | Cache control register 0x0000
0x004 ACRO 32 | Access control register 0 0x0000
0x005 ACR1 32 | Access control register 1 0x0000
0xCO00 ROMBAR 32 | ROM base address register Uninitialized (except V = 0)
0xC04 RAMBAR 32 | SRAM base address register Uninitialized (except V = 0)

4.3 SRAM Overview

The SRAM module has the following features:
* 4-Kbyte SRAM, organizeds 1K x 32 bits
* Single-cycle access
* Physically located on the ColdFire core's high-speed local bus
* Byte, word, longworchddress capabilities
* Programmable memory mapping

4.3.1 SRAM Operation

The SRAM module provides a general-purpose merlagk the ColdFire core can access in a single
cycle. The location of the memory block can betseany 4-Kbyte address boundary within the 4-Gbyte
address space. The memory is ideastoring critical code or data struces or for use abe system stack.
Because the SRAM module is physicalynnected to the processor's hggieed local bus, it can quickly
service core-initiated accesses or menrefgrencing commands from the debug module.

Section 4.1, “Interactions Between Local Memory Mod(ildescribes prioritiesthen an access address
hits multiple local memory resources.

4.3.2 SRAM Programming Model

The MCF5272 implements the SRAM basidress register (RAMBAR), shownfigure 4-1and
described in the following section.

MCF5272 ColdFire® Integrated Microprocessor User’s Manual, Rev. 3

4-2 Freescale Semiconductor



Local Memory

4.3.2.1 SRAM Base Address Register (RAMBAR)

RAMBAR determines the base addresstion of the internal SRAM modeilas well as the definition of
the types of accesses allowed for it.

« RAMBAR is a 32-bit write-only supervisor contmagister. It is accessed in the CPU address space
via the MOVEC instruction witlan Rc encoding of 0xC04. RAMBAR can be read or written in
background debug mode (BDM). At system rese&t Mtbit is cleared and the remaining bits are
uninitialized. To access the SRAModule, RAMBAR must be witién with the appropriate base
address after system reset.

» The SRAM base address regisiBAMBAR) can be accessed ontysupervisor mode using the
MOVEC instruction with an Rc value of 0xC04.

31 12 11 9 8 7 6 5 4 3 2 1 0
Field BA | — ‘WP‘ — ‘C/I‘SC|SD‘UC|UD Vv
Reset — 0
R/W W for CPU; R/W for debug
Address CPU space + 0xC04

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

RAMBAR fields are described ihable 4-2
Table 4-2. RAMBAR Field Description

Bits | Name Description

31-12 BA |Base address. SRAM module base address. The SRAM module occupies a 4-Kbyte space defined
by BA. SRAM can reside on any 4-Kbyte boundary in the 4-Gbyte address space.

11-9 — Reserved, should be cleared.

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

0 Allows read and write accesses to the SRAM module.

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

7-6 — Reserved, should be cleared.

5-1 C/l, | Address space masks (ASn). These fields allow certain types of accesses to be masked, or inhibited
SC, |from accessing the SRAM module. These bits are useful for power management as described in
SD, |Section 4.3.2.3, “Programming RAMBAR for Power Management.” In particular, C/l is typically set.

UC, UD | The address space mask bits are follows:

C/I = CPU space/interrupt acknowledge cycle mask. Note that C/I must be set if BA = 0.

SC = Supervisor code address space mask

SD = Supervisor data address space mask

UC = User code address space mask

UD = User data address space mask

For each ASn bit:

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

1 Disable this address space from the SRAM module. References to this address space cannot

access the SRAM module and are processed like other non-SRAM references.

0 \Y Valid. Enables/disables the SRAM module. V is cleared at reset.
0 RAMBAR contents are not valid.
1 RAMBAR contents are valid.
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The mapping of a given access into the SRAM use®tiosving algorithm to detemine if the access hits
in the memory:
if (RAMBAR[O0] = 1)
if (requested address[31:12] = RAMBAR[31:12])
if (address space mask of the requested type = 0)
Access is mapped to the SRAM module
if (access = read)
Read the SRAM and return the data
if (access = write)
if (RAMBAR([8] = 0)
Write the data into the SRAM
else Signal a write-protect access error

4322 SRAM Initialization

After a hardware reset, the cents of the SRAM module are undefd. The valid bit of RAMBAR is
cleared, disabling the moduléthe SRAM needs to be initializedth instructions or data, the following
steps should be performed:

1. Load RAMBAR, mapping the SRANhodule to the desired location.

2. Read the source data and write it to thé&BRVarious instructionsupport this function,
including memory-to-memory MOVE instruchs and the MOVEM opcode. The MOVEM
instruction is optimized to generate line-sizrdst fetches on 0-modulo-16 addresses, so this
opcode generally provides the best performance.

3. After data is loaded into the SRAM, it maydgpropriate to load avesed value into RAMBAR
with new write-protect and address space nadsloutes. These attributes consist of the
write-protect and address-space mask fields.

The ColdFire processor or an external BDMuéaitor using the debug module can perform this
initialization.

4.3.2.3 Programming RAMBAR for Power Management

Depending on the configuration dedid by RAMBAR, instructin fetch accesses candsnt to the SRAM
module, ROM module, and instruction cache siamgbusly. If the access is mapped to the SRAM
module, it sources the reddta, discarding the instition cache access. If the AR is used only for data
operands, setting RAMBAR[SC,UC] lowers povagssipation by disabling the SRAM during all
instruction fetches. Additionallyf the SRAM holds only instruiins, setting RAMBARSD,UD] reduces
power dissipation.

Consider the examples dable 4-3of typical RAMBAR settings:
Table 4-3. Examples of Typical RAMBAR Settings

Data Contained in SRAM | RAMBAR[7-0]

Instructions only 0x2B
Data only 0x35
Both instructions and data 0x21

MCF5272 ColdFire® Integrated Microprocessor User’s Manual, Rev. 3

4-4 Freescale Semiconductor



Local Memory

ROMBAR can be configuresimilarly, as described i8ection 4.4.2.2, “Programming ROMBAR for
Power Managemerit

4.4 ROM Overview

The ROM modules has the following features:
* 16-Kbyte ROM, organized as 4K x 32 bits
» Contains data tables for séfDLC (high-level data link control)
» The ROM contents are not customizeable
* Single-cycle access
» Physically located on ColdFim®re's high-speed local bus
» Byte, word, longwordddress capabilities
e Programmable memory mapping

4.4.1 ROM Operation

The ROM module contains tabular data that the Eloddcore can access in a single cycle. The ROM can
be located on any 16-Kbyte address baumdn the 4-Gbyte address spaSection 4.1, “Interactions
Between Local Memory Modulgsdescribes priorities when a fetalddress hits multiple local memory
resources.

4.4.2 ROM Programming Model

The MCF5272 implements the ROM baskli@ss register (ROMBAR), shownkigure 4-2and
described in the following section.

4421 ROM Base Address Register (ROMBAR)

ROMBAR determines the base adsgdocation of the internal ROM moeulas well aghe definition of
the allowable access types. ROMBABRN be accessed in supervisawde using the MOVEC instruction
with an Rc value of 0xCOQt can also be read when the pram@ss in background debug mode (BDM).
To access the ROM module, ROMBAR should bealized with the apppriate base address.

31 14 13 8 7 6 5 4 3 2 1 0
Field BA — — C/l|sC|sb|uCc|ub| Vv
Reset — 00 —|—|—|—|—10
R/W W for CPU; R/W for debug

Address CPU space + 0xC00

Figure 4-2. ROM Base Address Register (ROMBAR)

ROMBAR fields are described ifable 4-4
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Table 4-4. ROMBAR Field Description

Bits

Name

Description

31-14

BA

Base address. Defines the ROM module base address. ROM can reside on any 16-Kbyte boundary in the
4-Gbyte address space.

13-6

Reserved, should be cleared.

5-1

Cl/l, SC,
SD, UC,
ub

Address space masks (ASn). Allows specific address spaces to be enabled or disabled, placing internal

modules in a specific address space. If an address space is disabled, an access to the register in that

address space becomes an external bus access, and the module resource is not accessed. These hits are

useful for power management as described in Section 4.4.2.2, “Programming ROMBAR for Power

Management.” In particular, C/l is typically set.

The address space mask bits are follows:

C/I = CPU space/interrupt acknowledge cycle mask. Note that C/I must be set if BA = 0.

SC = Supervisor code address space mask

SD = Supervisor data address space mask

UC = User code address space mask

UD = User data address space mask

For each ASn bit:

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

1 Disable this address space from the ROM module. References to this address space cannot access the
ROM module and are processed like other non-ROM references.

Valid. Indicates whether ROMBAR contents are valid. The BA value is not used and the ROM module is not
accessible until V is set.

0 Contents of ROMBAR are not valid.

1 Contents of ROMBAR are valid.

4.4.2.2

Depending on the ROMBAR configuration, memocgesses can be sent to the ROM module and the
cache simultaneously. If an accéss both, the ROM modalsources read datadithe instruction cache
access is discarded. Because the ROM contaigdantlata, setting ROMBAR[SC,UC] lowers power

Programming ROMBAR for Power Management

dissipation by disabling the ROMuring instruction fetches.
Table 4-5shows typical ROMBAR settings:

Table 4-5. Examples of Typical ROMBAR Settings

Data Contained In ROM ROMBAR[7-0]
Instructions only 0x2B
Data only 0x35
Both instructions and data 0x21

RAMBAR can be configuredimilarly, as described iection 4.3.2.3, “Programming RAMBAR for
Power Managemerit
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4.5 Instruction Cache Overview

The features of the instruction cache are as follows:

» 1-Kbyte direct-mapped cache

» Single-cycle access on cache hits

» Physically located on ColdFim®re's high-speed local bus
* Nonblocking design to maximize performance

e 16-byte line-fill buffer

» Configurable cache miss-fetch algorithm

45.1 Instruction Cache Physical Organization

The instruction caché&igure 4-3 is a direct-mappedrsjle-cycle memory, orgared as 64 lines, each
containing 16 bytes. Memory consisfsa 64-entry tag array (containiagdresses and alwhbit) and a
1-Kbyte instruction data arragrganized as 64 x 128 bits.

The two memory arrays aaecessed in parallel: bits 9—4 of theiinstion fetch addresprovide the index
into the tag array; bits 9-2 address the data affag/tag array outputs the address mapped to the given
cache location along with the valid bit for the lineisTaddress field is compared to bits 31-10 of the
instruction fetch address from thedd bus to determine & cache hit in the memory array has occurred.
If the desired address is mapped into the cache methergutput 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 vaditiper line entry. Accordingly, oplentire 16-byte lines are loaded
into the instruction cache.

The instruction cache also contam46-byte fill buffer that providesrgporary storage for the last line
fetched in response to a cache miss. With each atstrufetch, the contents te line-fill buffer are
examined. Thus, each insttion fetch address examines both tlgerteemory array and the line-fill buffer
to see if the desired address is mapped into didrelware resource. A cache hit in either the memory
array or the line-fill buffers serviced in a single cyelBecause the line-fill buffer maintains valid bits on
a longword basis, hits in the buffesin be serviced immeday without waiting for tle entire line to be
fetched.

If the referenced address is not @néd in the memory array or thadkfill buffer, the instruction cache
initiates the required external fetch operation. Irstsituations, this ia 16-byte line-sized burst
reference.

Hardware is nonblocking, meaning theldfire core's local bus is releakafter the initial access of a
miss. Thus, the cache, SRAM, or R@nodule can service subsequent exa while the rest of the line
is being fetched and loaded into the fill buffer.

Generally, longword references arged for sequential fetches. If the processor branches to an odd word
address, a word-sized fetch isngeated. The memory array of thetimction cache is enabled only if
CACR[CENB] is asserted.
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External Data[31:0]
Local Address Bus | | | |
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Figure 4-3. Instruction Cache Block Diagram

45.2 Instruction Cache Operation

The instruction cache is physicallyrswected to the ColdFire core's#b bus, allowing it to service all
instruction fetches from the ColdFire core andaiarmemory fetches inited by the debug module.
Typically, the debug module's memagferences appear as supervigata accesses but the unit can be
programmed to generate user-madeesses and/or instruction fetsh€he instruction cache processes
any instruction fetch access in the normal manner.

4521 Interaction with Other Modules

Because both the instruction caara high-speed SRAM module are ceated to the ColdFire core's
local data bus, certain user-defirmahfigurations can resuh simultaneous instruction fetch processing.

If the referenced address is mapped into the SRAddule, that module servicdse request in a single
cycle. In this case, data accessed from the ictstrucache is discarded twout generating external
memory references. If the address is not mappgedSRAM space, the instruction cache handles the
request in the normal fashion.

45.2.2 Cache Coherency and Invalidation

The instruction cache does mobnitor ColdFire core data referendesaccesses to cached instructions.
Therefore, software must maintain cache coherégadpvalidating the appropriate cache entries after
modifying code segments.
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Cache invalidation can be penfioed in the two following ways:

» Setting CACR[CINVA] forces the entire instrtion cache to be marked as invalid. The
invalidation operation requires 64atgs because the cache sequetitesigh the entire tag array,
clearing a single locatiagach cycle. Any subsequent instrantfetch accessese postponed until
the invalidation sequence is complete.

» The privileged CPUSHL instruction can invalidatsingle cache line. When this instruction is
executed, the cache entry defined by bits 9-4 ddlnece address registeinvalidated, provided
CACRI[CDPI] is cleared.

These invalidation operationsrche initiated from the ColdFire core or the debug module.

45.2.3 Caching Modes

For every memory reference generated by the processi@bug module, a set effective attributes is
determined based on the address and the ACRSbirigamodes determine how the cache handles an
access. An access can be cacheable oedabibited. For normal accesses, the A{RM] bit
corresponding to the address of the access speciéieathing mode. If an address does not match an
ACR, the default caching mode is defined by CABBM]. The specific ajorithm is as follows:

if (address == ACRO0-address including mask)
effective attributes = ACRO attributes
else if (address == ACR1-address including mask)
effective attributes = ACR1 attributes
else effective attributes = CACR default attributes

Addresses matching an ACR can aisowrite protected using ACR[WP].

Reset disables the cachedaclears all CACR bits. Reset does ndbenatically invalidate cache entries;
they must be invalidated through software.

The ACRs allow CACR defatd to be overridden. In addition, somstructions (for example, CPUSHL)
and processor core operations parfaccesses that have an implicitiag mode associated with them.
The following sections discuss the different aagraccesses and their associated cache modes.

45231 Cacheable Accesses

If ACRN[CM)] or the default field of th€ ACR indicates the access is cacheahlread access is read from
the cache if matching data is fou@therwise, the data is read franemory and the cache is updated.
When a line is being read from memory, the longwortthénline that contains the core-requested data is
loaded first and the requested data is given immaglitd the processor, vinbut waiting for the three
remaining longwords to reach the cache.

45232 Cache-Inhibited Accesses

Memory regions can be designated as cache-inhibiadh is useful for memory containing targets such
as 1/0 devices and shared data structures Itipracessing systems. Dwt cache memory-mapped
registers (for example, regess shown with an MBAR offset). If the corresponding AGEM] or
CACR[DCM] indicates cachaihibited the access is cache-inhidit&he caching operation is identical
for both cache-inhibited modes, which differ onlgaeding recovery from an external bus error.
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In determining whether a memory locatiorcéeheable or cache-ittiied, the CPU checks
memory-control registers umgj the following priority:

1. RAMBAR
ROMBAR
ACRO
ACR1

If an access does not hitRAMBAR, ROMBAR, or the ACRs, the default is provided for all
accesses in CACR.

a bk wn

Cache-inhibited write accesses bypéhe cache and a correspondrternal write is performed.
Cache-inhibited reads bypass the @aahd are performed on the external bus, except when all of the
following conditions are true:

* The cache-inhibited fill-bdér bit, CACR[CEIB], is set.
* The access is an instruction read.
» The access is normal (that is, TT = 0).

In this case, a fetched line is stored in thebiiiffer and remains valid ¢ine; the cache can service
additional read accesses from this butintil another fill occurs or@che-invalidate-all operation occurs.

If ACRN[CM] indicates cache-inhibited, the controll®rpasses the cache and performs an external
transfer. To ensure the consistgio cached data, execute a CPUSH&truction or set CACR[CINVA]
to invalidate the entire caclefore switching cache modes.

CPU space-register accesses, such a¥BAD) are treated as cache-inhibited.

4524 Reset
A hardware reset clears the CA@Rabling the instruction cache.

NOTE

Tag array contents are not affectedréget. Accordingly, system startup
code must explicitly invalidate ¢hcache by setting CACR[CINVA] before
the cache can be enabled.

45.2.5 Cache Miss Fetch Algorithm/Line Fills

As discussed isection 4.5.1, “Instruction CaelPhysical Organizatighthe instruction cache hardware
includes a 16-byte line-fill buffeior providing temporary storagerfthe last fetched instruction.

With the cache enabled as defifey CACR[CENB], a cacheable instriget fetch that misses in both the
tag memory and the line-filuffer generates an external fetch. Thxe sif the external feh is determined
by the value contained in CACBLNF] and the miss addreSsable 4-8shows the relationships between
the CLNF bits, the miss addresagahe size of the external fetch.

Depending on the run-time charadsécs of the application andéhmemory response speed, overall
performance may be increased bggramming CLNF to values {00, 01}.
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For all cases of a line-sized fetdhe critical longword defined by ss address bits 3—2 is accessed first
followed by the remaining three longwords thed accessed by incrementing the longword address in
0-modulo-16 increments, as shown below:
if miss address[3:2] = 00
fetch sequence = {0x0, 0x4, 0x8, OxC}
if miss address[3:2] = 01
fetch sequence = {0x4, 0x8, 0xC, Ox0}
if miss address[3:2] = 10
fetch sequence = {0x8, OxC, 0x0, Ox4}
if miss address[3:2] = 11
fetch sequence = {OxC, 0x0, 0x4, Ox0x8}

When an external fetch is initiated and data aleéal into the line-fill bifer, the instruction cache
maintains a special most-recently-ugadicator that tracks the contsrof the fill buffer versus its
corresponding cache location. the time of the miss, the hardware tator is set, marking the fill buffer

as most recently used. If a su@pgent access occurs to the cache lonalefined by bits 9—4 of the fill
buffer address, the data in the cache memory arraywsmost-recently used, slee hardware indicator

is cleared. In all cases, the indiaadefines whether the contents of the line-fill buffer or the cache memory
data array are most recentlyedsIf the entire line is present at timae of the next cache miss, the line-fill
buffer contents are written into thect@ memory array and the fill buffdata is still most recently used
compared to the cache memory array.

The fill buffer can also be used as temporaryagterfor line-sized bursts abn-cacheable references
under control of CACR[CEIB]. With ik bit set, a noncacheable instrantfetch is processed as defined
by Table 4-6 For this condition, the fill buffer is loadeddsubsequent references can hit in the buffer,
but the data is never loadedo the cache memory array.

Table 4-6shows the relationship between CENB,IBEnd the type aiinstruction fetch.
Table 4-6. Instruction Cache Operation as Defined by CACR[CENB,CEIB]

CACR[CENB,CEIB] | Type of Fetch Description
00 N/A Instruction cache and line-fill buffer are disabled; fetches are word or longword in
size.
01 N/A Instruction cache is disabled but because the line-fill buffer is enabled, CACR[CLNF]

defines fetch size and instructions can be bursted into the line-fill buffer.

1X Cacheable Cache is enabled; CACR[CLNF] defines fetch size and line-fill buffer contents can be
written into the cache memory array.

10 Noncacheable |Cache is enabled but the linefill buffer is disabled; fetches are either word or
longword and are not loaded into the line-fill buffer.

11 Noncacheable | Cache and line buffer are enabled; CACR[CLNF] defines fetch size; fetches are
loaded into the line-fill buffer but never into the cache memory array.
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4.5.3 Instruction Cache Programming Model

Three supervisor registers defithe operation of the instruction cache and local bus controller: the cache
control register (CACR) and two agsecontrol registers (ACRO, ACRTable 4-7shows the memory
map of the CACR and ACRs. These regjisthave the following characteristics:

* The CACR and ACRs can be assed only in supervisor modengthe MOVEC instruction with
an Rc value of 0x002 (CACR)x004 (ACRO0), and 0x005 (ACR1).

» Addresses not assigned to thgiséers and undefined registetsoare reserved for future
expansion. Write accesses to these reserved adjrases and reserved register bits have no
effect; read accesses return zeros.

» The reset value column indicates the initial valuthefregister at resdtininitialized fields may
contain random values after reset.

» The access column indicates whether theespwnding register can be read, written or both.
Attempts to read a write-only resger cause zeros to be returngétlempts to write to a read-only
register are ignored.

Table 4-7. Memory Map of Instruction Cache Registers

Address (using MOVEC) | Name | Width Description Reset Value
0x002 CACR | 32 |Cache control register 0x0000
0x004 ACRO 32 | Access control register 0 0x0000
0x005 ACR1 32 | Access control register 1 0x0000

453.1 Cache Control Register (CACR)

The CACR controls operation of the instruction cachgrdvides a set of defauttemory access attributes
for when a reference address does not map isiwespdefined by the ACRs. The supervisor-level CACR
is accessed in the CPU address space using théB@anstruction with an Rc encoding of 0x002. The
CACR can be read or written when thegessor is in backgund debug mode (BDM).

31 30 29 28 27 26 25 24 23 16
Field| CENB _ ‘ CDPI ‘CFRZ‘ _ |CINVA| —_
Reset 0000_0000_0000_0000
R/W Write (R/W by debug module)
15 10 9 8 7 6 5 4 2 1 0
Field _ ‘ CEIB ‘ DCM |DBWE| _ | DWP ‘ _ CLNF
Reset 0000_0000_0000_0000
R/W Write (R/W by debug module)
Rc 0x002

Figure 4-4. Cache Control Register (CACR)

MCF5272 ColdFire® Integrated Microprocessor User’s Manual, Rev. 3

4-12 Freescale Semiconductor



Local Memory

Table 4-8describes CACR fields.
Table 4-8. CACR Field Descriptions

Bits Name Description

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

30-29 — Reserved, should be cleared.

28 CDPI Disable CPUSHL invalidation.
0 Cache disabled
1 Cache enabled

27 CFRZ | Cache freeze. 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

26-25 — Reserved, should be cleared.

24 CINVA | Cache invalidate all. Writing a 1 to this bit initiates entire cache invalidation. Note the caches are not

cleared on power-up or normal reset.

0 No invalidation is performed.

1 Initiate invalidation of the entire cache. The cache controller sequentially clears V in all sets.
Subsequent accesses stall until invalidation finishes, at which point, CINVA is automatically cleared.
This operation takes 64 clock cycles.

23-11 — Reserved, should be cleared.

10 CEIB | Default noncacheable fill buffer. Determines if the fill buffer can store noncacheable accesses

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

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

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

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

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

9 DCM Default cache mode. See Section 4.5.2.3, “Caching Modes.”
0 Default cacheable
1 Default noncacheable

8 DBWE | Default buffered write enable. Defines the default value for enabling buffered writes. 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 Termination of an operand write cycle on the processor's local bus is delayed until the external bus cycle
completes.

1 Alocal bus write cycle is terminated immediately and the operation buffered in the bus controller.
Operand write cycles are effectively decoupled between the processor's local bus and the external bus.

7-6 — Reserved, should be cleared.

5 DWP Default write protect.
0 Read and write accesses permitted
1 Write accesses not permitted

4-2 — Reserved, should be cleared.
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Table 4-8. CACR Field Descriptions (continued)

Bits Name Description

1-0 CLNF | Control longword fetch. Controls the size of the memory request the cache issues to the bus controller for
different initial line access offsets.

Longword Address Bits
CLNF
00 01 10 11
00 Line Line Line Longword
01 Line Line Longword | Longword
1x Line Line Line Line

45.3.2 Access Control Registers (ACRO and ACR1)

The ACRs define memory referenattributes for two memory regiorjsne per ACR). These attributes
affect every memory reference using the ACRs erstit of default attributeontained in the CACR.
ACRs are examined for each memory refeesnot mapped to the SRAM or ROM module. The
supervisor-level ACRs are accessed in the CPUeaddspace using the MOVEC instruction with an Rc
encoding of 0x004 and 0x005. ACRs carréad and written in BDM mode.

31 24 23 16 15 14 13 12 7 6 5 4 3 2 10
Field BA BAM ‘ EN ‘ SM | — ‘CM‘BWE| — ‘WP‘ —
Reset 0000_0000_0000_0000
R/W Write (R/W by debug module)
Rc ACRO: 0x004: ACR1: 0x005

Figure 4-5. Access Control Register Format (ACRn)

Table 4-9describes ACRfields.
‘ Table 4-9. ACRn Field Descriptions

Bits | Name Description

31-24 BA |Base address. Compared with A[31:24]. Eligible addresses that match are assigned the access control
attributes of this register.

23-16 | BAM |Base address mask. Setting a BAM bit masks the corresponding BA bit. Setting low-order BAM bits can
define contiguous regions exceeding 16 Mbytes. BAM can define multiple noncontiguous regions.

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

14-13 SM | Supervisor mode. Specifies whether only user or supervisor accesses are allowed in this address range or if
the type of access is a don't care.

00 Match addresses only in user mode

01 Match addresses only in supervisor mode

1x Execute cache matching on all accesses

12-7 — Reserved; should be cleared.
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Table 4-9. ACRn Field Descriptions (continued)

Bits | Name Description

6 CM | Cache mode. Defines whether the memory access is cacheable or noncacheable.
0 Caching enabled
1 Caching disabled

5 BWE | Buffered write enable. Generally, the enabling of buffered writes provides higher system performance but
recovery from access errors may be more difficult. For the ColdFire CPU, reporting access errors on operand
writes is always imprecise; enabling buffered writes further decouples the write instruction from the signaling
of the fault.

0 Termination of an operand write cycle on the processor's local bus is delayed until the external bus cycle
is completed.

1 A 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.

4-3 — Reserved, should be cleared.
2 WP | Write protect. Selects the write privilege of the memory region.

0 Read and write accesses permitted

1 Write accesses not permitted

1-0 — Reserved, should be cleared.
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Chapter 5
Debug Support

This chapter describes the Revision A erdeal hardware debug support in the MCF5272.

5.1

Overview

The debug module is shownHigure 5-1

High-speed

ColdFire CPU Core 4—‘\_’ local bus

'

Debug Module

L]

Control  Tyace Port Communication Port
BKPT DSCLK, DSI, DSO

A

Figure 5-1. Processor/Debug Module Interface

Debug support is divided into three areas:

Real-time trace support—The ability to detne the dynamic execution path through an
application is fundamental falebugging. The ColdFire solution ilements an 8-bit parallel
output bus that reports processor execution statdslata to an externamulator system. See
Section 5.3, “Real-Time Trace Suppbrt

Background debug mode (BDM)—Provides lowdkdebugging in the ColdFire processor
complex. In BDM, the processor complex is haked a variety of commands can be sent to the
processor to access memory and registerseXtegnal emulator uses a three-pin, serial,
full-duplex channel. SeSection 5.5, “Background Debug Mode (BDMand Section 5.4,
“Programming Modef

Real-time debug support—BDM reges the processor to beltea, which many real-time
embedded applications cannot Bebug interrupts let real-time gms execute a unique service
routine that can quickly save the contents of kegysters and variablesé return the system to
normal operation. External development systearsaccess saved data because the hardware
supports concurrent operani of the processor and BDinitiated commands. Segection 5.6,
“Real-Time Debug Suppaoft
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5.2

Signal Description

Table 5-1describes debug module signald. @bldFire debug signals are directional and related to a
rising edge of the processor csrelock signal. The standard P debug connector is shown in
Section 5.8, “Freescale-Bemmended BDM Pinolit

Table 5-1. Debug Module Signals

Signal

Description

Development Serial
Clock (DSCLK)

synchronized rising edge of DSCLK, the data input on DSl is sampled and DSO changes state.

Internally synchronized input. (The logic level on DSCLK is validated if it has the same value on two
consecutive rising CLKIN edges.) Clocks the serial communication port to the debug module during
packet transfers. Maximum frequency is 1/5 the processor status clock (PSTCLK) speed. At the

Development Serial
Input (DSI)

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

Development Serial
Output (DSO)

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

Breakpoint (BKPT)

the value OxF.

Input used to request a manual breakpoint. Assertion of BKPT puts the processor into a halted state
after the current instruction completes. Halt status is reflected on processor status signals (PST[3:0]) as

Processor Status

Delayed version of the processor clock. Its rising edge appears in the center of valid PST and DDATA

Clock (PSTCLK) output. See Figure 5-2. PSTCLK indicates when the development system should sample PST and
DDATA values.

Debug Data These output signals display the register breakpoint status as a default, or optionally, captured address

(DDATA[3:0]) and operand values. The capturing of data values is controlled by the setting of the CSR. Additionally,

execution of the WDDATA instruction by the processor captures operands which are displayed on
DDATA. These signals are updated each processor cycle.

Processor Status
(PST[3:0])

These output signals report the processor status. Table 5-2 shows the encoding of these signals. These
outputs indicate the current status of the processor pipeline and, as a result, are not related to the
current bus transfer. The PST value is updated each processor cycle.

Figure 5-2shows PSTCLK timing with respect to PST and DDATA.

PSTCLK L

PST or DDATA

Figure 5-2. PSTCLK Timing
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5.3 Real-Time Trace Support

Real-time trace, which defines the dynamic executidim, jma fundamental deig function. The ColdFire
solution is to include a parallel fput port providing encoded processor status and data to an external
development system. This port is partitioned into #abit nibbles: one nibblallows the processor to
transmit processor status, (PSdnd the other allows operandalo be disfayed (debug dai®DATA).

The processor status may not be related to the current bus transfer.

External development systems cae BST outputs with an externalage of the program to completely
track the dynamic execution path.igkracking is complicated by any change in flow, especially when
branch target address calculation is based oodhtents of a program-vide register (variant
addressing). DDATA outputs can benfigured to display the targeddress of such instructions in
sequential nibble increments across multppiecessor clock cycles, as describe8ection 5.3.1, “Begin
Execution of Taken Branch (PST = 0xX5)wo 32-bit storage elementsrfo a FIFO buffer connecting the
processor’s high-speed local bus to the extateatlopment system through PST[3:0] and DDATA[3:0].
The buffer captures branch target addresses andncesata values for eventual display on the DDATA
port, one nibble at a tim&arting with the least significant bit (Isb).

Execution speed is affected only wHesth storage elements contain valid datae dumped to the
DDATA port. The core stalls untdne FIFO entry is available.

Table 5-2shows the encoding of these signals.

Table 5-2. Processor Status Encoding

PST[3:0]
Definition

Hex | Binary

0x0 0000 | Continue execution. Many instructions execute in one processor cycle. If an instruction requires more clock
cycles, subsequent clock cycles are indicated by driving PST outputs with this encoding.

0x1 0001 |Begin execution of one instruction. For most instructions, this encoding signals the first clock cycle of an
instruction’s execution. Certain change-of-flow opcodes, plus the PULSE and WDDATA instructions, generate
different encodings.

0x2 0010 |Reserved

0x3 0011 |Entry into user-mode. Signaled after execution of the instruction that caused the ColdFire processor to enter
user mode.

0x4 0100 |Begin execution of PULSE and WDDATA instructions. PULSE defines logic analyzer triggers for debug and/or
performance analysis. WDDATA lets the core write any operand (byte, word, or longword) directly to the
DDATA port, independent of debug module configuration. When WDDATA is executed, a value of 0x4 is
signaled on the PST port, followed by the appropriate marker, and then the data transfer on the DDATA port.
Transfer length depends on the WDDATA operand size.

0x5 0101 |Begin execution of taken branch. For some opcodes, a branch target address may be displayed on DDATA
depending on the CSR settings. CSR also controls the number of address bytes displayed, indicated by the
PST marker value preceding the DDATA nibble that begins the data output. See Section 5.3.1, “Begin
Execution of Taken Branch (PST = 0x5).”

0x6 0110 |Reserved

Ox7 0111 |Begin execution of return from exception (RTE) instruction.
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Table 5-2. Processor Status Encoding (continued)

PST[3:0]

Definition
Hex | Binary

0x8— | 1000- |Indicates the number of bytes to be displayed on the DDATA port on subsequent clock cycles. The value is
0xB 1011 |driven onto the PST port one PSTCLK cycle before the data is displayed on DDATA.

0x8 Begin 1-byte transfer on DDATA.

0x9 Begin 2-byte transfer on DDATA.

OxA Begin 3-byte transfer on DDATA.

0xB Begin 4-byte transfer on DDATA.

0xC 1100 |Exception processing. Exceptions that enter emulation mode (debug interrupt or optionally trace) generate a
different encoding, as described below. Because the 0xC encoding defines a multiple-cycle mode, PST
outputs are driven with 0xC until exception processing completes.

0xD 1101 | Entry into emulator mode. Displayed during emulation mode (debug interrupt or optionally trace). Because this
encoding defines a multiple-cycle mode, PST outputs are driven with OxD until exception processing
completes.

OxE 1110 |Processor is stopped. Appears in multiple-cycle format when the MCF5272 executes a STOP instruction. The
ColdFire processor remains stopped until an interrupt occurs, thus PST outputs display OXE until the stopped
mode is exited.

OxF 1111 |Processor is halted. Because this encoding defines a multiple-cycle mode, the PST outputs display OxF until
the processor is restarted or reset. (see Section 5.5.1, “CPU Halt")

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

PST is 0x5 when a taken branclexecuted. For some opcodes, a braaofpet address may be displayed
on DDATA depending on the CSR settings. CSR atsurols the number of address bytes displayed,
which is indicated by the PST markeue immediately preceding the BIDA nibble that begins the data
output.

Bytes are displayed in least-to-miaggnificant order. The processwaptures only those target addresses
associated with taken branches which use a vaadressing mode, that is, RTE and RTS instructions,

JMP and JSR instructions using address registereittddr indexed addressing modes, and all exception
vectors.

The simplest example of a branchktimiction using a variaaddress is the compiled code for a C language
case statement. Typically, the evdioa of this statement uses the adnle of an expression as an index
into a table of offsets, where each offset padiata unique case within the structure. For such
change-of-flow operations, the MCF5272 uses thmigeins to output the following sequence of
information on successive processor clock cycles:

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

2. Using the PST pins, optially signal the target address tadisplayed sequentially on the DDATA
pins. Encodings 0x9—-0xB identifiie number of bytes displayed

3. The new target address is optionally availainesubsequent cycles using the DDATA port. The
number of bytes of the targeddress displayed on this port is configurable (2, 3, or 4 bytes).
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Another example of a variahranch instruction woulde a JMP (AO) instructiorfrigure 5-3shows when
the PST and DDATA outputs that indicate when &#JM0) executed, assumitite CSR was programmed
to display the lower 2 bytes of an address.

PSTCLK

PST >< 0x5 >< 0x9 >< default >< default >< default >< default ><
DDATA >< 0x0 >< 0x0 >< A[3:0] >< A[7:4] ><A[11:8] ><A[15:12]><

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

PST of 0x5 indicates a taken branch and the maskere 0x9 indicates al2yte address. Thus, the
subsequent 4 nibbles of DDATA display tbgver 2 bytes of adéss register A0 in
least-to-most-significant nibble ond@he PST output after the JMP in&ttion completes depends on the
target instruction. The PST can continue withriegt instruction before the address has completely
displayed on DDATA because of the BIA FIFO. If the FIFO is full andhe next instruction has captured
values to display on DDATA, the pipeline stglBST = 0x0) until space is available in the FIFO.

5.4  Programming Model

In addition to the existing BDM comends that provide access to theqassor’s registers and the memory
subsystem, the debug module contains nine registsrgport the required functionality. These registers
are also accessible from the processor’srsugm programming modddy executing the WDEBUG
instruction (write only). Thus, thereakpoint hardware in the debug madcan be read or written by the
external development systaming the debug serial interfageby the operating system running on the
processor core. Software is respolestbr guaranteeing that accessethése resourceseserialized and
logically consistent. Hardware provides a laackimechanism in the CSR to allow the external
development system to disable attempted writes by the processothe breakpoint registers (setting
CSR[IPW]). BDM commands must not be issuethd MCF5272 is using the WDEBUG instruction to
access debug module registers ermsulting behavior is undefined.

These registers, shownkigure 5-4 are treated as 32tlguantities, regardless of the number of
implemented bits.
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31 15 7 0
| | | | AATR
31 15 0
ABLR
ABHR
31 15 0
| | | CSR
31 15 0
DBR
DBMR
31 15 0
PBR
PBMR
31 15 0
| I | TDR

Note: Each debug register is accessed as a 32-bit register; shaded fields above are not used (don't care).

Address attribute trigger register

Address low breakpoint register
Address high breakpoint register

Configuration/status register

Data breakpoint register
Data breakpoint mask register

PC breakpoint register
PC breakpoint mask register

Trigger definition register

All debug control registers are writable from the external development system or the CPU via the WDEBUG
instruction.
CSR is write-only from the programming model. It can be read or written through the BDM port using the
RDMREG and WDMREG commands.

Figure 5-4. Debug Programming Model

These registers are accessed thrahglBDM port by new BDM command&/DMREG andRDMREG,

described irSection 5.5.3.3, “Command Set Descriptididhese commands contain a 5-bit field, DRc,

that specifies the register, as showfable 5-3
Table 5-3. BDM/Breakpoint Registers

DRc[4-0] Register Name Abbreviation Initial State Page
0x00 Configuration/status register CSR 0x0000_0000 p. 5-10
0x01-0x05 |Reserved — — —
0x06 Address attribute trigger register AATR 0x0000_0005 p. 5-7
0x07 Trigger definition register TDR 0x0000_0000 p. 5-14
0x08 Program counter breakpoint register PBR — p. 5-13
0x09 Program counter breakpoint mask register PBMR — p. 5-13
0x0A-0x0B | Reserved — — —
0x0C Address breakpoint high register ABHR — p. 5-9
0x0D Address breakpoint low register ABLR — p. 5-9
Ox0E Data breakpoint register DBR — p. 5-12
OxOF Data breakpoint mask register DBMR — p. 5-12

Debug control registers can be writtenthe external development system

NOTE

or the CPU through the WDEBUG instruction.

CSR is write-only from the programmimgodel. It can be read or written

through the BDM port using ttROMREG andwDMREG commands.
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54.1 Revision A Shared Debug Resources

In the Revision A implementation of the debug modaégtain hardware structures are shared between
BDM and breakpoint functionality as shownTiable 5-4

Table 5-4. Rev. A Shared BDM/Breakpoint Hardware

Register BDM Function Breakpoint Function

AATR Bus attributes for all memory commands | Attributes for address breakpoint

ABHR Address for all memory commands Address for address breakpoint

DBR Data for all BDM write commands Data for data breakpoint

Thus, loading a register to perfornsecific function that shares hardeaesources is destructive to the
shared function. For example, a BDM commanddoess memory overwrites an address breakpoint in
ABHR. A BDM write command overwtes the data breakpoint in DBR.

5.4.2 Address Attribute Trigger Register (AATR)

The address attributadger register (AATR)Figure 5-5 defines address attrilagt and a mask to be
matched in the trigger. The registelue is compared with addresgiaute signals from the processor’s
local high-speed bus, as defihiey the setting of the triggeéefinition register (TDR).

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

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

DRc[4-0] 0x06

Figure 5-5. Address Attribute Trigger Register (AATR)

Table 5-5describes AATR fields
Table 5-5. AATR Field Descriptions

Bits | Name Description

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

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

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

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

7 R Read/write. R is compared with the R/W signal of the processor’s local bus.
6-5 SZ |Size. Compared to the processor’s local bus size signals.
00 Longword
01 Byte
10 Word

11 Reserved
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Table 5-5. AATR Field Descriptions (continued)

Bits

Name

Description

TT

Transfer type. Compared with the local bus transfer type signals.

00 Normal processor access

01 Reserved

10 Emulator mode access

11 Acknowledge/CPU space access

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

™

Transfer modifier. Compared with the local bus transfer modifier signals, which give supplemental information
for each transfer type.

TT =00 (normal mode):

000 Explicit cache line push

001 User data access

010 User code access

011 Reserved

100 Reserved

101 Supervisor data access

110 Supervisor code access

111 Reserved

TT = 10 (emulator mode):

0xx—100 Reserved

101 Emulator mode data access

110 Emulator mode code access

111 Reserved

TT =11 (acknowledge/CPU space transfers):

000 CPU space access

001-111 Interrupt acknowledge levels 1-7

These bits also define the TM encoding for BDM memory commands (for backward compatibility).
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Address Breakpoint Registers (ABLR, ABHR)

The address breakpoint low anigih registers (ABLR, ABHR)E-igure 5-6 define regions in the
processor’s data address space thateaused as part of the triggéhese register values are compared
with the address for each transter the processor’s high-speed ldoas. The trigger definition register
(TDR) identifies the triggeas one of three cases:

1. identically the value in ABLR
2. inside the range bound by ABLR and ABHR inclusive
3. outside that same range
31 0
Field Address
Reset —
R/W|Write only. ABHR is accessible in supervisor mode as debug control register 0x0OC using the WDEBUG
instruction and via the BDM port using the RDMREG and WDMREG commands.
ABLR is accessible in supervisor mode as debug control register 0xOD using the WDEBUG instruction and
via the BDM port using the WbDMREG command.
DRc[4-0] 0x0D (ABLR); 0x0C (ABHR)

Figure 5-6. Address Breakpoint Registers (ABLR, ABHR)

Table 5-6describes ABLR fields.

Table 5-6. ABLR Field Description

Bits

Name Description

31-0

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

Table 5-7describes ABHR fields

Table 5-7. ABHR Field Description

Bits

Name Description

31-0

Address | High address. Holds the 32-bit address marking the upper bound of the address breakpoint range.
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5.4.4

The configuration/status registg€€SR) defines the debug configuoat for the processor and memory
subsystem and contains statusimation from the breakpoint logi CSR is write-only from the
programming model. It can be read from andtemitto through the BDM port. CSR is accessible in
supervisor mode as debug control register Ox@tgute WDEBUG instruction and through the BDM

Configuration/Status Register (CSR)

port using th(kDMREG andwDMREG commands.

31 28 27 26 25 24 23 20 19 17 16
Field BSTAT FOF | TRG |HALT| BKPT HRL — IPW
Reset 0000 ol ol o] o 0000 0 ‘ 0 ‘ o | o
R/W?! R R R R — RIW

15 14 13 12 11 10 9 8 7 6 5 4 3 0
Field| MAP| TRC [EMU| DDC  |UHE| BTB L [NPL| IPI |SSM —_
Resetf 0 | 0 | 0 00 0 00 ol ol o 0000
RW|RW |[RW|[RW| RwW [rRwW]| RrRw R |RW|RW|RW —_

DRc[4-0] 0x00

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

Figure 5-7. Configuration/Status Register (CSR)

Table 5-8describes CSR fields.

Table 5-8. CSR Field Descriptions

Bit Name Description
31-28 | BSTAT |Breakpoint status. Provides read-only status information concerning hardware breakpoints. BSTAT is
cleared by a TDR write or by a CSR read when either a level-2 breakpoint is triggered or a level-1 breakpoint
is triggered and the level-2 breakpoint is disabled.
0000 No breakpoints enabled
0001 Waiting for level-1 breakpoint
0010 Level-1 breakpoint triggered
0101 Waiting for level-2 breakpoint
0110 Level-2 breakpoint triggered
27 FOF | Fault-on-fault. If FOF is set, a catastrophic halt occurred and forced entry into BDM. FOF is cleared
whenever CSR is read.
26 TRG | Hardware breakpoint trigger. If TRG is set, a hardware breakpoint halted the processor core and forced
entry into BDM. Reset, the debug Go command, or reading CSR clear TRG.
25 HALT |Processor halt. If HALT is set, the processor executed a HALT and forced entry into BDM. Reset, the debug
GO command, or reading CSR clear HALT.
24 BKPT | Breakpoint assert. If BKPT is set, BKPT was asserted, forcing the processor into BDM. Reset, the debug
GO command, or reading CSR clear BKPT.
23-20 HRL | Hardware revision level. Indicates the level of debug module functionality. An emulator could use this
information to identify the level of functionality supported.
0000 Initial debug functionality (Revision A) (this is the only valid value for the MCF5272)
19-17 — Reserved, should be cleared.
16 IPW | Inhibit processor writes. Setting IPW inhibits processor-initiated writes to the debug module’s programming
model registers. IPW can be modified only by commands from the external development system.
MCF5272 ColdFire® Integrated Microprocessor User’s Manual, Rev. 3
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Table 5-8. CSR Field Descriptions (continued)

Bit Name Description
15 MAP | Force processor references in emulator mode.
0 All emulator-mode references are mapped into supervisor code and data spaces.
1 The processor maps all references while in emulator mode to a special address space, TT = 10,
TM =101 or 110.
14 TRC | Force emulation mode on trace exception. If TRC = 1, the processor enters emulator mode when a trace
exception occurs. If TRC=0, the processor enters supervisor mode.
13 EMU | Force emulation mode. If EMU = 1, the processor begins executing in emulator mode. See Section 5.6.1.1,

“Emulator Mode.”

12-11 DDC | Debug data control. Controls operand data capture for DDATA, which displays the number of bytes defined
by the operand reference size before the actual data; byte displays 8 bits, word displays 16 bits, and long

displays 32 bits (one nibble at a time across multiple clock cycles). See Table 5-2.

00 No operand data is displayed.

01 Capture all write data.

10 Capture all read data.

11 Capture all read and write data.

10 UHE |User halt enable. Selects the CPU privilege level required to execute the HALT instruction.

0 HALT is a supervisor-only instruction.

1 HALT is a supervisor/user instruction.

9-8 BTB | Branch target bytes. Defines the number of bytes of branch target address DDATA displays.

00 O bytes

01 Lower 2 bytes of the target address

10 Lower 3 bytes of the target address

11 Entire 4-byte target address

See Section 5.3.1, “Begin Execution of Taken Branch (PST = 0x5).”

7 — Reserved, should be cleared.
6 NPL | Non- mode. Determines whether the core operates in pipelined or mode or not.

0 Pipelined mode

1 Nonpipelined mode. The processor effectively executes one instruction at a time with no overlap. This
adds at least 5 cycles to the execution time of each instruction. Given an average execution latency of
1.6, throughput in non-pipeline mode would be 6.6, approximately 25% or less of pipelined performance.

Regardless of the NPL state, a triggered PC breakpoint is always reported before the triggering instruction

executes. In normal pipeline operation, the occurrence of an address and/or data breakpoint trigger is

imprecise. In non-pipeline mode, triggers are always reported before the next instruction begins execution
and trigger reporting can be considered precise.

An address or data breakpoint should always occur before the next instruction begins execution. Therefore

the occurrence of the address/data breakpoints should be guaranteed.

5 IPI Ignore pending interrupts.
1 Core ignores any pending interrupt requests signalled while in single-instruction-step mode.
0 Core services any pending interrupt requests that were signalled while in single-step mode.
4 SSM | Single-step mode. Setting SSM puts the processor in single-step mode.

0 Normal mode.

1 Single-step mode. The processor halts after execution of each instruction. While halted, any BDM
command can be executed. On receipt of the Go command, the processor executes the next instruction
and halts again. This process continues until SSM is cleared.

3-0 — Reserved, should be cleared.
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5.4.5 Data Breakpoint/Mask Registers (DBR, DBMR)

The data breakpoint register (DBR)gure 5-8 specify data patterns usedoast of the tigger into debug
mode. DBR bits are masked by settingresponding DBMR bits, as defined in TDR.

31 0
Field Data (DBR); Mask (DBMR)

Reset Uninitialized

R/W|DBR is accessible in supervisor mode as debug control register OXOE, using the WDEBUG instruction and
through the BDM port using the RDMREG and WDMREG commands.

DBMR is accessible in supervisor mode as debug control register 0xOF,using the WDEBUG instruction and
via the BDM port using the WDMREG command.

DRc[4-0] O0xOE (DBR), 0xOF (DBMR)

Figure 5-8. Data Breakpoint/Mask Registers (DBR and DBMR)

Table 5-9describes DBR fields.
Table 5-9. DBR Field Descriptions

Bits | Name Description

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

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

Bits Name Description

31-0 | Mask |Data breakpoint mask. The 32-bit mask for the data breakpoint trigger. Clearing a DBR bit allows the

corresponding DBR bit to be compared to the appropriate bit of the processor’s local data bus. Setting a
DBMR bit causes that bit to be ignored.

The DBR supports both alignetid misaligned referencé&ble 5-11shows relationships between
processor address, access size Jaration within the 32-bit data bus.

Table 5-11. Access Size and Operand Data Location

A[1:0] Access Size Operand Location
00 Byte D[31:24]
01 Byte D[23:16]
10 Byte D[15:8]
11 Byte D[7:0]
0x Word D[31:16]
1x Word D[15:0]
XX Longword D[31:0]
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5.4.6 Program Counter Breakpoint/Mask Registers
(PBR, PBMR)

The PC breakpoint register (PBR)ides an instructiondgdress for use as patftthe trigger. This
register’s contents are compared with the procespoogram counter register when TDR is configured
appropriately. PBR bits are masked by settingesponding PBMR bits. Resulise compared with the
processor’s program countegigter, as defined in TDREigure 5-9shows the PC breakpoint register.

31 0

Field Program Counter

Reset —

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

DRc[4-0] 0x08

Figure 5-9. Program Counter Breakpoint Register (PBR)

Table 5-12describes PBR fields.
Table 5-12. PBR Field Descriptions

Bits Name Description

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

Figure 5-9shows PBMR.

31 0

Field Mask

Reset —

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

DRc[4-0] 0x09

Figure 5-10. Program Counter Breakpoint Mask Register (PBMR)
Table 5-13describes PBMR fields.
Table 5-13. PBMR Field Descriptions

Bits | Name Description

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

The TDR, shown iffable 5-1] configures the operation of the haate breakpoint logic that corresponds
with the ABHR/ABLR/AATR, PBRPBMR, and DBR/DBMRregisters within the debug module. The
TDR controls the actionskan under the defimkeconditions. Breakpoint logic méde configured as a one-
or two-level trigger. TDR[31-16]efine the second-leviigger and bits 15-0 fiee the first-level
trigger.

NOTE

The debug module has no hardwareriotks, so to prevent spurious
breakpoint triggers while the breakpoiegisters are being loaded, disable
TDR (by clearing TDR[29,13])¢fore defining triggers.

A write to TDR clears the CSR trigger status bits, CSR[BSTAT].

| Second-Level Trigger

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

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

Reset 0000_0000_0000_0000

| First-Level Trigger |

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Field| — | EBL ‘ EDLW ‘EDWL‘ EDWU ‘EDLL‘ EDLM ‘EDUM‘ EDUU‘ DI ‘ EAI | EAR‘ EAL ‘ EPC‘ PCI
Reset 0000_0000_0000_0000

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

DRc[4-0] 0x07

Figure 5-11. Trigger Definition Register (TDR)

Table 5-14describes TDR fields.
Table 5-14. TDR Field Descriptions

Bits Name Description

31-30 TRC | Trigger response control. Determines how the processor responds to a completed trigger condition. The
trigger response is always displayed on DDATA.

00 Display on DDATA only

01 Processor halt

10 Debug interrupt

11 Reserved

15-14 — Reserved, should be cleared.

29/13 EBL | Enable breakpoint. Global enable for the breakpoint trigger. Setting TDR[EBL] enables a breakpoint trigger.
Clearing it disables all breakpoints at that level.

MCF5272 ColdFire® Integrated Microprocessor User’s Manual, Rev. 3

5-14 Freescale Semiconductor



Debug Support

Table 5-14. TDR Field Descriptions (continued)

Bits Name Description
28-22 EDx | Setting an EDx bit enables the corresponding data breakpoint condition based on the size and placement
12-6 on the processor’s local data bus. Clearing all EDx bits disables data breakpoints.
28/12 EDLW | Data longword. Entire processor’s local data bus.
27111 EDWL | Lower data word.
26/10 EDWU | Upper data word.
25/9 EDLL Lower lower data byte. Low-order byte of the low-order word.
24/8 EDLM |Lower middle data byte. High-order byte of the low-order word.
23/7 EDUM | Upper middle data byte. Low-order byte of the high-order word.
22/6 EDUU | Upper upper data byte. High-order byte of the high-order word.
21/5 DI Data breakpoint invert. Provides a way to invert the logical sense of all the data breakpoint comparators.
This can develop a trigger based on the occurrence of a data value other than the DBR contents.
20-18/4| EAx |Enable address bits. Setting an EA bit enables the corresponding address breakpoint. Clearing all three bits
-2 disables the breakpoint.
20/4 EAI Enable address breakpoint inverted. Breakpoint is based outside the range between ABLR and
ABHR.
19/3 EAR Enable address breakpoint range. The breakpoint is based on the inclusive range defined by
ABLR and ABHR.
18/2 EAL Enable address breakpoint low. The breakpoint is based on the address in the ABLR.
17/1 EPC | Enable PC breakpoint. If set, this bit enables the PC breakpoint.
16/0 PCl | Breakpoint invert. If set, this bit allows execution outside a given region as defined by PBR and PBMR to
enable a trigger. If cleared, the PC breakpoint is defined within the region defined by PBR and PBMR.
5.5  Background Debug Mode (BDM)

The ColdFire Family implementslow-level system debuggertime microprocessor hardware.
Communication with the development system is heshttirough a dedicatedghi-speed serial command
interface. The ColdFire architecture implemenesBDM controller in a dedicated hardware module.
Although some BDM operations, such@BU register accessesguire the CPU tbe halted, other BDM
commands, such as memory @sges, can be executed while the processor is running.
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5.5.1

CPU Halt

Although most BDM operations can occur in paraéh CPU operations, unrestricted BDM operation
requires the CPU to be halted. The sources that eee ¢the CPU to halt are listed below in order of
priority:

1. A catastrophic fault-on-fault conditi@utomatically halts the processor.

2. A hardware breakpoint can be configuredeoerate a pending halt condition similar to the

assertion of BKPTThis type of halt is always firsbade pending in the processor. Next, the
processor samples for pending halt and intercoptitions once per instruction. When a pending
condition is asserted, the processor hatescution at the next sample point. Seetion 5.6.1,
“Theory of Operatiorf

The execution of a HALT instructiommediately suspends execution. Attempting to execute
HALT in user mode while CSR[UHE] = 0 gera¢es a privilege violation exception. If
CSR[UHE] = 1, HALT can be executed in useodae. After HALT executeghe processor can be
restarted by serial shifting@ command into the debug module. Execution continues at the
instruction after HALT.

The assertion of the BKRMput is treated as a pseudo-intgt; that is, the halt condition is
postponed until the processor ceamples for halts/interrupts. The processor samples for these
conditions once during the execution of each inswactf there is a pending halt condition at the
sample time, the processor suspeextscution and enters the halted state.

The assertion of BKP$hould be considered in the following two special cases:

After the system resestgnal is negated, the pessor waits for 16 processor clock cycles before
beginning reset exceptigmocessing. If the BKPihput is asserted withieight cycles after RSTI

is negated, the processor enteestihlt state, signaling halt siat(0xF) on the PST outputs. While
the processor is in this state, all resouszssible through the debugaule can be referenced.
This is the only chance to force the pFssor into emulation mode through CSR[EMU].

After system initialization, & processor’s response to ttecommand depends on the set of
BDM commands performed while itilted for a breakpoint. Spec#ity, if the PC register was
loaded, theso command causes the procedscexit halted state andgscontrol to the instruction
address in the PC, bypassing normal reset exaeptocessing. If the PC was not loaded,cbe
command causes the processor to exit halie and continue reset exception processing.

The ColdFire architecture alé@ndles a special case of BKB&ing asserted while the processor
is stopped by execution of the S instruction. For this casegtprocessor exits the stopped mode
and enters the haltechg®, at which point, aBDM commands may be ercised. When restarted,
the processor continues by executing the nexdesetial instruction, that is, the instruction
following the STOP opcode.

CSR[27-24] indicates the halt soursbpwing the highest priority saxe for multiple halt conditions.

MCF5272 ColdFire® Integrated Microprocessor User’s Manual, Rev. 3

5-16

Freescale Semiconductor



Debug Support

55.2 BDM Serial Interface

When the CPU is halted and PST reflects thedtattis, the development system can send unrestricted
commands to the debug module. Dedug module implements a synmhous protocol usg two inputs
(DSCLK and DSI) and one output (DS®)here DSO is specified as a detalative to the rising edge of
the processor clock. S@able 5-1 The development system serveshesserial communication channel
master and must generate DSCLK.

The serial channel operates atexqfrency from DC to 1/5 of the PSIK frequency. The channel uses
full-duplex mode, where data isrdeand received simultaneously bgth master and slave devices. The
transmission consists &¥-bit packets composed of a status/cdriitoand a 16-bit data word. As shown
in Figure 5-12 all state transitions are enabled on a rigidge of the PSTCLK clock when DSCLK is
high; that is, DSI is sampled and DSO is driven.

PSTCLK 1__! |
DSCLK |

|
-
|
i

C1 Cc2 C3 C4

| |
[ [
| |
| |
Current |
| |
I I
| |
| |
I I

|
[
|
|
|
|
|
qut State
T

| |
[ [
I |
[ |
| Next |
[ |
I I
| |
I |
T I

| [

DSl | |

| [

BDM State f I
Machine | Current IState >< | |
bSO ! Past! | >< Current |

I T |

Figure 5-12. BDM Serial Interface Timing

DSCLK and DSI are synchronized inputs. DSCLK ass pseudo clock enable and is sampled on the
rising edge of the proces¥0LK as well as the DSI. DSO isldged from the DSCLK-enabled CLK rising
edge (registered after a BDM statachine state change). All eveirigshe debug module’s serial state
machine are based on the proces$uek rising edge. DSCLK must also be sampled low (on a positive
edge of CLK) between each bit exartge. The MSB is transferred firBecause DSO changes state based
on an internally-recognized rising edge of DSCLK, DS€4Dnot be used to indicate the start of a serial
transfer. The development system must count cloclesyn a given transfer. C1-C4 are described as
follows:

» Cl1—First synchronization cyelfor DSI (DSCLK is high).
e C2—Second synchronization cgdior DSI (DSCLK is high).

 C3—BDM state machine changsste depending upon DSI and wiegtthe entire input data
transfer has been transmitted.

* C4—DSO changes to next value.

NOTE

A not-ready response can be ignoexdept during a memory-referencing
cycle. Otherwise, the &g module can accept a newiaktransfer after 32
processor clock periods.
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55.2.1 Receive Packet Format
The basic receive packéligure 5-13 consists of 16 data bits and 1 status bit.

16 15
S Data Field [15:0]

Figure 5-13. Receive BDM Packet

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

Bits | Name Description

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

S DataMessage

0 xxxxValid data transfer

0 OxFFFFStatus OK

1 O0xO000Not ready with response; come again

1 0x0001Error—Terminated bus cycle; data invalid

1 OxFFFFlllegal command

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

5522 Transmit Packet Format

The basic transmit packétigure 5-14 consists of 16 data bits and 1 control bit.

16 15
C D[15:0]

Figure 5-14. Transmit BDM Packet

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

Bits | Name Description

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

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

Debug Support

Table 5-17summarizes the BDM command set. Subseqoaratgraphs contain dé&al descriptions of

each command. Issuing a BDM coramna when the processor is accegsiebug module registers using

the WDEBUG instruction causes undefined behavior.

Table 5-17. BDM Command Summary

. - CPU . Command
Command | Mnemonic Description Statel Section (Hex)
Read A/D rareg/ Read the selected address or data register and return Halted 5.5.3.3.1 |0x218 {A/D,
register rdreg the results through the serial interface. Reg[2:0]}
Write A/D wareg/ Write the data operand to the specified address or data | Halted 5.5.3.3.2 | 0x208 {A/D,
register wdreg register. Reg[2:0]}
Readmemory | read Read the data at the memory location specified by the Steal 5.5.3.3.3 | 0x1900—hbyte
location longword address. 0x1940—word
0x1980—Iword
Write memory | write Write the operand data to the memory location Steal 5.5.3.3.4 | 0x1800—byte
location specified by the longword address. 0x1840—word
0x1880—Iword
Dump dump Used with READ to dump large blocks of memory. An Steal 5.5.3.3.5 | 0x1D0O0—hyte
memory block initial READ is executed to set up the starting address of 0x1D40—word
the block and to retrieve the first result. A bump 0x1D80—Iword
command retrieves subsequent operands.
Fill memory | fill Used with WRITE to fill large blocks of memory. An initial Steal 5.5.3.3.6 | 0x1C00—bhyte
block WRITE is executed to set up the starting address of the 0x1C40—word
block and to supply the first operand. A FILL command 0x1C80—Iword
writes subsequent operands.
Resume go The pipeline is flushed and refilled before resuming Halted 5.5.3.3.7 | 0x0CO00
execution instruction execution at the current PC.
No operation |nop Perform no operation; may be used as a nullcommand. | Parallel | 5.5.3.3.8 | 0x0000
Read control |rcreg Read the system control register. Halted 5.5.3.3.9 |0x2980
register
Write control | wcreg Write the operand data to the system control register. Halted | 5.5.3.3.10 | 0x2880
register
Read debug |rdmreg Read the debug module register. Parallel |5.5.3.3.11 |0x2D {0x42
module DRcl[4:0]}
register
Write debug | wdmreg Write the operand data to the debug module register. Parallel | 5.5.3.3.12 |0x2C {Ox42
module DRc[4:0]}
register

1 General command effect and/or requirements on CPU operation:
- Halted. The CPU must be halted to perform this command.
- Steal. Command generates bus cycles that can be interleaved with bus accesses.
- Parallel. Command is executed in parallel with CPU activity.

2 0x4 is a three-bit field.

Unassigned command opcodes are reserved bgdalee All unused command formats within any
revision level perform aiop and return the illegal command response
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5.5.3.1 ColdFire BDM Command Format

All ColdFire Family BDM commandsclude a 16-bit operation wordlfawed by an optional set of one
or more extension words, as showrrigure 5-15

15 10 9 8 7 6 5 4 3 2 0
Operation 0 R/W Op Size 0 0 A/D Register

Extension Word(s)

Figure 5-15. BDM Command Format

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

Bit Name Description

15-10 | Operation | Specifies the command. These values are listed in Table 5-17.
9 0 Reserved

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

7-6 Operand | Operand data size for sized operations. Addresses are expressed as 32-bit absolute values. Note that a
Size command performing a byte-sized memory read leaves the upper 8 bits of the response data undefined.
Referenced data is returned in the lower 8 bits of the response.
Operand SizeBit Values
00 Byte8 bits
01 Word16 bits
10 Longword32 bits
11 Reserved—

5-4 00 Reserved

3 A/D Address/data. Determines whether the register field specifies a data or address register.
0 Indicates a data register.
1 Indicates an address register.

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

55.3.1.1 Extension Words as Required

Some commands require extension words for adeeand/or immediate dafeddresses require two
extension words because only absolute long addrg is permitted. Longwdraccesses are forcibly
longword-aligned and word accesses forcibly word-aligned. Immedetlata can be 1 or 2 words long.
Byte and word data eachgures a single extension word and longivdata requires two extension words.

Operands and addresses are trarsflemost-significant word first. Ithe following descriptions of the
BDM command set, the optional set of extension wasdlefined as addresiata, or operand data.
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5.5.3.2 Command Sequence Diagrams

The command sequence diagrankigure 5-16shows serial bus traffic for commands. Each bubble
represents a 17-bit bus transfer. The top hadfach bubble indicates the d#éte development system
sends to the debug module; thetbwot half indicates the debug module’s response to the previous
development system commands. Command andt tesnisactions overlap to minimize latency.

— COMMANDS TRANSMITTED TO THE DEBUG MODULE

— COMMAND CODE TRANSMITTED DURING THIS CYCLE
— HIGH-ORDER 16 BITS OF MEMORY ADDRESS
— LOW-ORDER 16 BITS OF MEMORY ADDRESS
NONSERIAL-RELATED ACTIVITY
SEQUENCE TAKEN IF
OPERATION HAS NOT
COMPLETED
~ NEXT
COMMAND
READ ( WY, CODE
- - MEMORY >{NOT READV
‘A' : LOCATION \QJOT READ i
\ XXX N \/NEXT cm /XXX N\ NEXT CM
"ILLEGAL "NOT REA MS RESU \LS RESULT
DATA UNUSED FROM
THIS TRANSFER
SEQUENCE TAKEN IF BUS
'— SEQUENCE TAKEN IF ERROR OCCURS ON
ILLEGAL COMMAND MEMORY ACCESS
IS RECEIVED BY DEBUG MODULE
— HIGH- AND LOW-ORDER
— RESULTS FROM PREVIOUS COMMAND 16 BITS OF RESULT

— RESPONSES FROM THE DEBUG MODULE
Figure 5-16. Command Sequence Diagram

The sequence is as follows:

* Incycle 1, the development system command is issed(in this example). The debug module
responds with either the low-omdesults of the pragus command or a conand complete status
of the previous command, i results are required.

* Incycle 2, the development system suppieshigh-order 16 address bits. The debug module
returns a not-ready response unkbssreceived command is a@eled as unimplemented, which is
indicated by the illegal command encodinghif occurs, the development system should
retransmit the command.

NOTE

A not-ready response can be ignoesdept during a memory-referencing
cycle. Otherwise, the eig module can accept a newiaktransfer after 32
processor clock periods.
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* In cycle 3, the development system suppineslow-order 16 address bits. The debug module
always returns a not-ready response.

» At the completion of cycle 3, the debug moduiéiates a memory read operation. Any serial
transfers that begin during a memaigcess return a not-ready response.

* Results are returned in the two serial transjetes after the memory access completes. For any
command performing a byte-sized memory read diperahe upper 8 bits dhe response data are
undefined and the referenced data is returngldenower 8 bits. The mécommand’s opcode is
sent to the debug module during theafitransfer. If a memory or resgér access is terminated with
a bus error, the error status (S = 1, DATAx0001) is returned instead of result data.

5.5.3.3 Command Set Descriptions
The following sections descrilitee commands summarizedTiable 5-17

NOTE

The BDM status bit (S) is 0 for norlly completed commands; S = 1 for
illegal commands, not-ready response® transfers with bus-errors.
Section 5.5.2, “BDM Serial Interfagedescribes the receive packet format.

Freescale reserves unassigned camuropcodes for future expansi©mused command formats in any
revision level perform aiopP and return an illegal command response.
5.5.3.3.1 Read A/D Register (RAREG/RDREG)

Read the selected address or daggster and return the 32-bit resultbus error response is returned if
the CPU core is not halted.

Command/Result Formats:

15 12 11 8 7 4 3 2 0
Command 0x2 ox1 ‘ 0x8 ‘ A/D ‘ Register
Result D[31:16]
D[15:0]

Figure 5-17. RAREG/RDREG Command Format

Command Sequence:

(~ RAREG/RDREDQ, / XXX N\ 4 NEXT CMY
\ 2?2 J/ S RESU LS RESU

XXX
\_BERR_/

Figure 5-18. RAREG/RDREG Command Sequence

Operand Data: None

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

The operand longword data is written to the specifiedessdor data register. A ite alters all 32 register
bits. A bus error response is returned if the CPU core is not halted.

Command Format:

15 12 11 8 7 4 3 2 0
0x2 0x0 ‘ 0x8 ‘ AID ‘ Register
D[31:16]
D[15:0]

Figure 5-19. WAREG/WDREG Command Format

Command Sequence

(~ WDREG/WAREY, _ /~ MSDATA\ _ / LSDATA\ _/ NEXTCMD
AN 22?2 J \ “\UNOT READY" ~ \UNOT READY"~ \_'CMD COMPLEIE"

\‘/ XXX N\ . /NEXT CMD,
“N_BERR_/ ~ \!NOT READ¥"

Figure 5-20. WAREG/WDREG Command Sequence

Operand Data Longword data is ten into the specified addressdata register. The data is
supplied most-significant word first.
Result Data Command complete statusidddated by returning OXFFFF (with S cleared)

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

Read data at the longword adsseAddress space is defined by BAAR[TT,TM]. Hardware forces
low-order address bits to zerms word and longword accessesetwsure that word addresses are
word-aligned and longword adelses are longword-aligned.

Command/Result Formats:

15 2 1 8 7 4 3 0

Byte ox1 ‘ 0x9 ‘ 0x0 0x0
Command A[31:16]
A[15:0]

ResuItX‘X|X‘X x‘x‘x|x D[7:0]

Word | Command 0x1 0x9 0x4 0x0
A[31:16]
A[15:0]
Result D[15:0]

Longword | Command 0x1 0x9 0x8 0x0
A[31:16]
A[15:0]
Result D[31:16]
D[15:0]

Figure 5-21. READ Command/Result Formats

Command Sequence:

READ BW)y _ ~MSADDRY _ /LSADDRY | \&&0 (XN
\NOT READY" ~ \NOT READY" \NOT READV"
LOCATION

( XXX\ o f NEXT CMD\
\_BERR _/ \NOT READX"

I

"o oNy) |, (wsAERy | TSy | e ] § e )

\UNOT READY" ~ \UNOT READ/" N DA™
222 D D LocATION ) NOT REA

( XXX N > NEXT CMD,
\MS RESUWMI LS RESUI;Y

( XXX\ o f NEXT CMD)
\_BERR_/ \UNOT READX"

Figure 5-22. READ Command Sequence

Operand Data The only operand is the loaghaddress of the requested location.

Result Data Word results retut® bits of data,dngword results return 32. Bytes are returned
in the LSB of a word result, the upgsyte is undefined. 0x0001 (S = 1) is returned
if a bus error occurs.
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5.5.3.34 Write Memory Location (WRITE)

Write data to the memory location specified by lbngword address. The address space is defined by
BAAR[TT, TM]. Hardware forces low-order addresits to zeros for wordnd longword accesses to
ensure that word addressee word-aligned and longworddresses are longword-aligned.

Command Formats:

15 12 11 8 7 4 3 1
Byte ox1 | 0x8 | 0x0 | 0x0

A[31:16]
A[15:0]
X | x | x [ x| x| x| x]x D[7:0]
Word ox1 0x8 x4 | 0x0
A[31:16]
A[15:0]
D[15:0]
Longword 0ox1 0x8 | 0x8 0x0
A[31:16]
A[15:0]
D[31:16]
D[15:0]
Figure 5-23. WRITE Command Format
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Command Sequence:

\
E DATA a MVZE'SEY v XX/
NOTREADY" || ocATION \NOT READY

NEXT CMD
\’CMD COMPLE¥="
XXX\

BERR

/_/

(WRITE (LON§) _ / MSADDR\ _ / LSADDR\ _ /~ MSDATA\
2?2/ 7 \UNOTREAD¥" =~ \UNOT READY"~ \UNOT READX"

N
LS DATA WRITE ( XXX N/
ot READH™ | | 'S2ATION \QOT READY
LOCATION

NEXT CMD
\"CMD COMPLE¥="
XXX N

BERR

/_/

(_ NEXT CMDy
\NOT READY"

Figure 5-24. WRITE Command Sequence

Operand Data This two-operand instruction requardongword absoluteddress that specifies
a location to which the data e@nd is to be written. Bytata is sent as a 16-bit
word, justified in the LSB; 16- and 32tlmperands are sent as 16 and 32 bits,
respectively

Result Data Command complete statusidated by returning OXFFFF (with S cleared)
when the register We is complete. A value of Ox00@Wvith S set) igeturned if
a bus error occurs.
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5.5.3.35 Dump Memory Block (bump)

DUMP is used with th&@EAD command to access large blocks of memory. An iregab is executed to
set up the starting address of the block anetiteve the first result. If an initi®EAD is not executed
before the firsbump, an illegal command response is returned.diner command retrieves subsequent
operands. The initial addiess incremented by the operand sike?, or 4) and saved in a temporary
register. SubsequentumMP commands use this address, perftmenmemory read, increment it by the
current operand size, and store the uptlatidress in the temporary register.

NOTE

DUMP does not check for a valid addre$ss a valid command only when
preceded bywor, READ, or anothepump command. Otherwise, an illegal
command response is returnedp can be used for intercommand padding
without corrupting the address pointer.

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

Command/Result Formats:

15 12 11 8 7 4 3 0
Byte Command 0x1 0xD 0x0 ‘ 0x0
Result x‘x|x‘x x‘x‘x‘x D[7:0]
Word Command 0x1 0xD 0x4 ‘ 0x0
Result D[15:0]
Longword | Command 0x1 ‘ 0xD ‘ 0x8 ‘ 0x0
Result D[31:16]
D[15:0]

Figure 5-25. pump Command/Result Formats

Command Sequence:

/ DUNP BN READ ( /_\>
DUMP (B | MEMORY > XXX

22?2 LOCATION \NOT READ¥
RESULT

XXX\ /NEXTCMD \_/~ XXX\ _ / NEXT CMD
T \UMILLEGALY T \UNOT READX" ~ \__BERR _J ~ \UNOT READA"

/DUMP (LONg) _| READ Yf o XXX \v
\_ 22 J >| MEMORY \UNOT READY
LOCATION
NEXT CMD NEXT CM
\_MS RESULS ~ \_LS RESULY

xxx NEXT CM [ XXX\ _ [ NEXT CMD
\_"ILLEGAL"/ "NOT READ¥" ~ \__BERR _J ~ \UNOT READA"

Figure 5-26. bpump Command Sequence
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Operand Data: None

Result Data: Requested data igireed as eithest word or longword. Bytdata is returned in
the least-significant byte of a word resMlord results return 16 bits of significant
data; longword results return 32 bits. A vahf 0x0001 (with S set$ returned if
a bus error occurs.

5.5.3.3.6 Fill Memory Block (FILL)

A FILL command is used with tlverITE command to access large lke@f memory. An initialvRITE is
executed to set up the starting addressebtbck and to supply the first operand. Fhe command
writes subsequent operands. Theahiaddress is incremented by theemd size (1, 2, or 4) and saved
in a temporary register aftdre memory write. SubsequenitL commands use tha&ldress, perform the
write, increment it by the current operand size, stode the updated address in the temporary register.

If an initial WRITE is not executed preceding the firgtL command, the illegal command response is
returned.

NOTE

TheFiLL command does not check for a valid address+is a valid
command only when preceded by anothiar, aNOP, or awRITE command.
Otherwise, an illegal commd response is returned. Ti@P command can
be used for intercommand paddinghaitit corrupting the address pointer.

The size field is examined each timella. command is processed, allowiting operand size to be altered
dynamically.

Command Formats:

15 12 11 8 7 4 3 0
Byte ox1 0xC 0x0 ‘ 0x0
x‘x‘x|x x‘x‘x‘x D[7:0]
Word ox1 oxC Ox4 ‘ 0x0
D[15:0]
Longword Ox1 ‘ 0xC ‘ 0x8 ‘ 0x0
D[31:16]
D[15:0]

Figure 5-27. FiLL Command Format
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Command Sequence:

WRITE
(FILL@ONG) _  (~ MSDATAY 4 (~ LSDATAY _ [ vEvory ( o XXX \>
\__ 2?22 J "\~ \NoTREADY"™ \UNOT READY"” | _ocaTION \UNOT READY"

XXX NEXT CM < [ NEXTCMD
"ILLEGAL", "NOT READX" \.CMD COMPLEAE"
[ XXX\ _ [/ NEXT CMD\
\__BERR J 7 \UNOT READX"

L EWY (—oatA N | nTE ( ([ xxx \>
U ??7? /\’\"NOT READY™ | | ocATION “\UNOT READY"
(" NEXT CMD
oW Y T T

\_"ILLEGALY/” \'NOT READX"

[ XXX\ [/  NEXT CMD,
“\_ BERR J ~ \UNOT READV"

Figure 5-28. FILL Command Sequence

Operand Data: A single operdis data to be writteto the memory location. Byte data is sent as
a 16-bit word, justified in the leastggiificant byte; 16- and 32-bit operands are
sent as 16 and 32 bits, respectively.

Result Data: Command complattus (OXFFFF) is returned when the register write is
complete. A value of 0x0001 (with S set) is returned if a bus error occurs.

5.5.3.3.7 Resume Execution (GO)

The pipeline is flushed refilled before normal ingtction execution resumeBrefetching begins at the
current address in the PC aatdhe current privileglevel. If any register (su@s the PC or SR) is altered
by a BDM command while the process® halted, the pdated value is used when prefetching resumes.
If a co command is issued and the CPU is not halted, the command is ignored.

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

Figure 5-29. co Command Format

Command Sequence:

(GO |\ « ( NEXTCMD \
\_??? J \\CMD COMPLEJE"

Figure 5-30. co Command Sequence

Operand Data: None
Result Data: The command-complete respo@2EKFF) is returned during the next shift
operation.
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5.5.3.3.8 No Operation (NOP)
NOP performs no operation and may bediss a null command where required.
Command Formats:

15 12 11 8 7 4 3 0
\ 0x0 \ 0x0 0x0 \ 0x0

Figure 5-31. Nop Command Format

Command Sequence:

NEXT CMD
\CMD COMPLEZE"

Figure 5-32. Nop Command Sequence

Operand Data: None

Result Data: The command-complete respobdel-FF (with S cleared), is returned during the
next shift operation.

5.5.3.3.9 Read Control Register (RCREG)

Read the selected control registied return the 32-bit result. Accesde the processor/memory control
registers are always 32 bits widegardless of register width. Theeead and third words of the command
form a 32-bit address, which the dglimodule uses to generate a spdmial cycle to access the specified
control register. The 12-bit Rc field is tekame as that used by the MOVEC instruction.

Command/Result Formats:

15 12 11 8 7 4 3 0
Command 0x2 0x9 0x8 0x0
0x0 0x0 0x0 0x0
0x0 Rc
Result D[31:16]
D[15:0]

Figure 5-33. RCREG Command/Result Formats

Rc encoding:
Table 5-19. Control Register Map
Rc Register Definition Rc Register Definition
0x002 | Cache control register (CACR) 0x806 | MAC accumulator (ACC)
0x004 | Access control register 0 (ACRO) Ox80E | Status register (SR)
0x005 | Access control register 1 (ACR1) 0x80F | Program register (PC)
0x801 | Vector base register (VBR) 0xC04 | RAM base address register (RAMBAR)
0x804 | MAC status register (MACSR) OxCOF | Module base address (MBAR)
0x805 | MAC mask register (MASK)
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Command Sequence:

N
READ
MS ADDR! MS ADDR ! (
(~ RCREG \ _/ M™s _ /™S N CONTROL WA Y,

AN 222/ 7 \UNOTREADY" = \UNOT READY" ™ REGISTER “\UNOT READ/"
/XXX N\ o/ NEXT CMD\

MS RESU LS RESU

/ NEXT CMD\
BERR \NOT READA"

Figure 5-34. RCREG Command Sequence

Operand Data: The only operand is the 32Ra control register select field.

Result Data: Control regest contents are returned a®adgword, most-significant word first.
The implemented portion oggisters smaller than 32tbis guaranteed correct;

other bits are undefined.

5.5.3.3.10  Write Control Register (WCREG)
The operand (longword) datavisitten to the specifiedantrol register. The write &rs all 32 register bits.

Command/Result Formats:

15 12 11 8 7 4 3 0
Command 0x2 0x8 0x8 0x0
0x0 0x0 0x0 0x0
0x0 Rc
Result D[31:16]
D[15:0]

Figure 5-35. WCREG Command/Result Formats
Command Sequence:

/~ WCREG \ _/ MSADDRY _ / MSADDRYN _ / MSDATA\
\_?22 /7 \UNOTREADY" =~ \UNOT READN"~ \!NOT READ/N"

LS DATA WRITE ( ( XXX \>
>| CONTROL( - -
\\NOT READY"""| RegisTER NOT REA

NEXT CMD
CMD COMPLEYE"

Figure 5-36. wCcREG Command Sequence
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Operand Data: This instructionquires two longword operands. Tiest selects the register to
which the operand data is to be ttemn; the second contains the data.

Result Data: Successful writperations return OxFFFF. Basrors on the write cycle are
indicated by the setting of bit 16 in te&tus message and by a data pattern of
0x0001.

5.5.3.3.11 Read Debug Module Register (RDMREG)

Read the selected loleg module register and retuthe 32-bit result. The only lid register selection for
theRDMREGcommand is CSR (DRc = 0x00). Note that tieiad of the CSR clears CSR[FOF, TRG, HALT,
BKPT]; as well as the trigger statb#gs (CSR[BSTAT)) if either a leel-2 breakpoint habeen triggered
or a level-1 breakpoint hagén triggered and no levelb?eakpoint has been enabled.

Command/Result Formats:

15 12 11 8 7 5 4 0
Command 0x2 0xD 100 DRc
Result D[31:16]
D[15:0]

Figure 5-37. RDMREG BDM Command/Result Formats

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

DRcl4:0] Debug Register Definition Mnemonic Initial State Page
0x00 Configuration/Status CSR 0x0 p. 5-10
0x01-0x1F Reserved — — —

Command Sequence:

/_RDMREG\ XXX N\ ./ NEXT CMY,
\_ 77?2 J \’\MSRESUJ! “\LS RESULT

\\/ XXX N\ ./ NEXT CMD,
T\UILLEGALY  ~ \UNOT READA"

Figure 5-38. RDMREG Command Sequence

Operand Data: None

Result Data: The contents oktkelected debug register are neéd as a longword value. The
data is returned most-significant word first.
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5.5.3.3.12  Write Debug Module Register (WDMREG)

The operand (longword)ata is written to the sgified debug module register.|A2 bits of the register
are altered by the write. DSCLK must be inactivelevthe debug module register writes from the CPU
accesses are performedngsthe WDEBUG instruction.

Command Format:
Figure 5-39. wbDMREG BDM Command Format

15 12 11 8 7 5 4 0
0x2 0xC 100 DRc

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

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

Command Sequence:

/~ WDMREG \ _ / MSDATA\ _ / LSDATA\ _/ NEXTCMD
AN 272 /\ 7 \UNOT READY" ~ \UNOT READY"~ \_"CMD COMPLEJE"

\\/ XXX N\ /NEXT CMD,
T\UVILLEGALY 7 \UNOT READA™"

Figure 5-40. wbMREG Command Sequence

Operand Data: Longword data is written into sipecified debug register. The data is supplied
most-significant word first.
Result Data: Command completatsis (OXFFFF) is returned when register write is complete.

5.6 Real-Time Debug Support

The ColdFire Family providesupport debugging real-timegplications. For these types of embedded
systems, the processor must cond to operate during debug. The fourataof this area of debug support
is that while the processor cannot be haltedlemwadlebugging, the system can generally tolerate small
intrusions into tk real-time operation.

The debug module provides thrgeés of breakpoints—PC with nia®perand address range, and data
with mask. These breakpoints can be configuredangs or two-level triggeraith the exact trigger
response also programmable. Tedug module programmimgodel can be writtefrom either the
external development system using the debug setaface or from the processor’s supervisor
programming model using the WDB& instruction. Only CSR is readable using the external
development system.
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5.6.1 Theory of Operation

Breakpoint hardware can be configured to respornidggers in several way3he response desired is
programmed into TDR. As shown Trable 5-21 when a breakpoint is triggered, an indication
(CSR[BSTAT]) is provided on the DDATA output port whiers not displaying gatured processor status,
operands, or branch addresses.

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

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

1 Encodings not shown are reserved for future use.

The breakpoint status is also posted in CSR. NateGBR[BSTAT] is cleared by a CSR read when either
alevel-2 breakpoint is triggeredatevel-1 breakpoint isiggered and a level-2 brigaoint is not enabled.
Status is also cleared by writing to TDR.

BDM instructions use the appropriaggyisters to load anzbnfigure breakpoints. Abie system operates,
a breakpoint trigger generatibe response defined in TDR.

PC breakpoints are treatida precise manner—except recognition and processj are initiated before
the excepting instruction is execdt&ll other breakpoint events arecognized on the processor’s local
bus, but are made pending to the pssor and sampled like other intgat conditions. As a result, these
interrupts are imprecise.

In systems that tolerate the processor baalted, a BDM-entry can be used. With TDR[TRO)1, a
breakpoint trigger causes there to halt (PST = OxF).

If the processor core cannot be halted, the deldegupt can be used. With this configuration,
TDR[TRC] = 10, the breakpoint triggeecomes a debug interrupt to thegassor, which is treated higher
than the nonmaskable level-7 interrupt request. Als all interrupts, it is made pending until the
processor reaches a sample point, which occurs ongespriction. Again, the hardware forces the PC
breakpoint to occur before the targeted instructia@atetes. This is possible because the PC breakpoint is
enabled when interrupt sampling occurs. For asfdemd data breakpointeporting is considered
imprecise because several instroof may execute after the triggeriaddress or data is detected.

As soon as the debug interruptégognized, the processor ab@tecution and initiates exception
processing. This event is signaled externally leyaksertion of a unique PST value (PST = 0xD) for
multiple cycles. The core entegmulator mode when exception pessing begins. After the standard
8-byte exception stack is createds ffrocessor fetches a unique gtmmn vector, 12, from the vector
table.
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Execution continues at the instriact address in the vector correspanylio the breakpoint triggered. All
interrupts are ignored while the processor igrrulator mode. The debugenrupt handler can use
supervisor instructions to save the necessary contelxtasithe state of all pragn-visible registers into
a reserved memory area.

When debug interrupt operatis complete, the RTE instruction exesuand the processor exits emulator
mode. After the debug interrupt handler completexetion, the external development system can use
BDM commands to read the reserved memory locations.

If a hardware breakpoint such as a PC triggeffisiemodified by the debug interrupt service routine,
another debug interrupt is gerated after the completion of the RTE instruction.

5.6.1.1 Emulator Mode

Emulator mode is used tacilitate non-intrusive emulat functionality. This modean be entered in three
different ways:

« Setting CSR[EMU] forces the processor ietaulator mode. EMU is examined only if RSF1
negated and the processor begaset exception processing. It can be set while the processor is
halted before reset exception processing beginsS&eten 5.5.1, “CPU Halt

* A debug interrupt always puts the processa@mnmulation mode when debug interrupt exception
processing begins.

» Setting CSR[TRC] forces the processor iatoulation mode when trace exception processing
begins.

While operating in emulatiomode, the processor exhibite following properties:

» Allinterrupts are ignoredncluding level-7 interrupts.

* If CSR[MAP] = 1, all caching of memory aritde SRAM module are slabled. All memory
accesses are forced into a specially mdguelress space signal®dTT = 0x2, TM = 0x5 or 0x6.
This includes stack frame writesdhthe vector fetch for the excegiithat forced entry into this
mode.

The RTE instruction exits emulation mode. The pssor status output pgntovides a unique encoding
for emulator mode entry (OxD) and exit (0x7).

5.6.2 Concurrent BDM and Processor Operation

The debug module supports concurrgmeration of both the processmd most BDM commands. BDM
commands may be executetile the processor isinning, except those followy operations that access
processor/memory registers:

* Read/write address and data registers
» Read/write control registers

For BDM commands that access memory, the debodule requests the processor’s local bus. The
processor responds by stalling the instruction fptpkline and waiting for current bus activity to
complete before freeinttpe local bus for the degunodule to perform its aess. After the debug module
bus cycle, the processor reclaims the bus.
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Breakpoint registers must be carefutbnfigured in a development sgst if the processor is executing.
The debug module contains no hardwaterlocks, so TDR should bes@ibled while breakpoint registers
are loaded, after which TDR can beatten to define the exact triggdrhis prevents spurious breakpoint
triggers.

Because there are no hardware interlocks in theglenit, no BDM operations are allowed while the CPU
is writing the debug’s registe(DSCLK must be inactive).

Note that the debug module requitks use of the internal busperform BDM commads. In Revision
A, if the processor is executing a tight loop tisatontained within a single aligned longword, the
processor may never grant the inteimas to the debug module, for example:

align4
labell: nop

bra.b labell
or

align4

label2: bra.w label2

The processor grants the internal bub@se loops are forced across two longwords.

5.7 Processor Status, DDATA Definition

This section specifies the ColdFpeocessor and debug modisigeneration of the pcessor status (PST)
and debug data (DDATA) output on an instructiosibaln general, the PST/DDATA output for an
instruction is defined as follows:

PST = 0x1, {PST = [0x89B], DDATA= operand}
where the {...} definition is optional operand infioation defined by the setting of the CSR.

The CSR provides capabilities tsdiay operands based on refereypet(read, write, or both). A PST
value {0x8, 0x9, or 0xB} identifies thsize and presence of valid datdollow on the DDATA output {1,
2, or 4 bytes}. Additionally, for certain changeftidw branch instructionsCSR[BTB] provides the
capability to display the target instruction aslel on the DDATA output {2, 3, or 4 bytes} using a PST
value of {0x9, OxA, or OxB}.

571 User Instruction Set

Table 5-22shows the PST/DDATA specifiaah for user-mode instructions. Rn represents any {Dn, An}
register. In this definition, the 'y’ suffix genengaltlenotes the source and denotes the destination
operand. For a given instruction, thigtional operand data dssplayed only for thaseffective addresses
referencing memory.The ‘DD’ nomertlure refers to the DDATA outputs.
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Instruction Operand Syntax PST/DDATA
add.| <ea>y,Rx PST = 0x1, {PST = 0xB, DD = source operand}
add.| Dy,<ea>x PST = 0x1, {PST = 0xB, DD = source}, {PST = 0xB, DD = destination}
addi.l #imm,Dx PST = 0x1
addq.| #imm,<ea>x PST = 0x1, {PST = 0xB, DD = source}, {PST = 0xB, DD = destination}
addx.| Dy,Dx PST = 0x1
and.| <ea>y,Dx PST = 0x1, {PST = 0xB, DD = source operand}
and.| Dy,<ea>x PST = 0x1, {PST = 0xB, DD = source}, {PST = 0xB, DD = destination}
andi.l #imm,Dx PST = 0x1
asl.I {Dy,#imm},Dx PST = 0x1
asr.l {Dy,#imm},Dx PST = 0x1
bce.{b,w} if taken, then PST = 0x5, else PST = 0x1
bchg #imm,<ea>x PST = 0x1, {PST = 0x8, DD = source}, {PST = 0x8, DD = destination}
bchg Dy,<ea>x PST = 0x1, {PST = 0x8, DD = source}, {PST = 0x8, DD = destination}
bclr #imm,<ea>x PST = 0x1, {PST = 0x8, DD = source}, {PST = 0x8, DD = destination}
bclr Dy,<ea>x PST = 0x1, {PST = 0x8, DD = source}, {PST = 0x8, DD = destination}
bra.{b,w} PST = 0x5
bset #imm,<ea>Xx PST = 0x1, {PST = 0x8, DD = source}, {PST = 0x8, DD = destination}
bset Dy,<ea>x PST = 0x1, {PST = 0x8, DD = source}, {PST = 0x8, DD = destination}
bsr.{b,w} PST = 0x5, {PST = 0xB, DD = destination operand}
btst #imm,<ea>x PST = 0x1, {PST = 0x8, DD = source operand}
btst Dy,<ea>x PST = 0x1, {PST = 0x8, DD = source operand}
clr.b <ea>X PST = 0x1, {PST = 0x8, DD = destination operand}
clr.l <ea>X PST = 0x1, {PST = 0xB, DD = destination operand}
clr.w <ea>X PST = 0x1, {PST = 0x9, DD = destination operand}
cmp.l <ea>y,Rx PST = 0x1, {PST = 0xB, DD = source operand}
cmpi.l #imm,Dx PST = 0x1
divs.| <ea>y,Dx PST = 0x1, {PST = 0xB, DD = source operand}
divs.w <ea>y,Dx PST = 0x1, {PST = 0x9, DD = source operand}
divu.l <ea>y,Dx PST = 0x1, {PST = 0xB, DD = source operand}
divu.w <ea>y,Dx PST = 0x1, {PST = 0x9, DD = source operand}
eor.| Dy,<ea>x PST = 0x1, {PST = 0xB, DD = source}, {PST = 0xB, DD = destination}
eori.l #imm,Dx PST = 0x1
ext.l Dx PST = 0x1
ext.w Dx PST = 0x1
extb.| Dx PST = 0x1
jmp <ea>X PST = 0x5, {PST = [0x9AB], DD = target address} !
jsr <ea>X PST = 0x5, {PST = [0x9AB], DD = target address},
{PST = 0xB , DD = destination operand}*
lea <ea>y,Ax PST = 0x1
link.w Ay #imm PST = 0x1, {PST = 0xB, DD = destination operand}
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Table 5-22. PST/DDATA Specification for User-Mode Instructions (continued)

Instruction Operand Syntax PST/DDATA
Isl.I {Dy,#imm},Dx PST = 0x1
Isr.| {Dy,#imm},Dx PST = 0x1
mac.| PST = 0x1
mac.| Ry,Rx PST = 0x1
mac.| Ry,Rx,ea,Rw PST = 0x1, {PST = 0xB, DD = source operand}
mac.w PST = 0x1
mac.w Ry,Rx PST = 0x1
mac.w Ry,Rx,ea,Rw PST = 0x1, {PST = 0xB, DD = source operand}
move.b <ea>y,<ea>X PST = 0x1, {PST = 0x8, DD = source}, {PST = 0x8, DD = destination}
move.| <ea>y,<ea>X PST = 0x1, {PST = 0xB, DD = source}, {PST = 0xB, DD = destination}
move.| <ea>y,ACC PST = 0x1
move.| <ea>y,MACSR PST = 0x1
move.l <ea>y,MASK PST =0x1
move.| ACC,Rx PST = 0x1
move.l MACSR,CCR PST = 0x1
move.| MACSR,Rx PST = 0x1
move.l MASK,Rx PST = 0x1
move.w <ea>y,<ea>X PST = 0x1, {PST = 0x9, DD = source}, {PST = 0x9, DD = destination}
move.w CCR,Dx PST = 0x1
move.w {Dy,#imm},CCR |PST =0x1
movem.| #list,<ea>x PST = 0x1, {PST = 0xB, DD = destination},... 2
movem.| <ea>y#list PST = 0x1, {PST = 0xB, DD = source},...
moveq #imm,Dx PST = 0x1
msac.| Ry,Rx PST = 0x1
msac.! Ry,Rx,ea,Rw PST = 0x1, {PST = 0xB, DD = source}, {PST = 0xB, DD = destination}
msac.w Ry,Rx PST = 0x1
msac.w Ry,Rx,ea,Rw PST = 0x1, {PST = 0xB, DD = source}, {PST = 0xB, DD = destination}
muls.| <ea>y,Dx PST = 0x1, {PST = 0xB, DD = source operand}
muls.w <ea>y,Dx PST = 0x1, {PST = 0x9, DD = source operand}
mulu.l <ea>y,Dx PST = 0x1, {PST = 0xB, DD = source operand}
mulu.w <ea>y,Dx PST = 0x1, {PST = 0x9, DD = source operand}
neg.| Dx PST = 0x1
negx.| Dx PST = 0x1
nop PST = 0x1
not.| Dx PST = 0x1
or.l <ea>y,Dx PST = 0x1, {PST = 0xB, DD = source operand}
or.l Dy,<ea>x PST = 0x1, {PST = 0xB, DD = source}, {PST = 0xB, DD = destination}
ori.l #imm,Dx PST = 0x1
pea <ea>y PST = 0x1, {PST = 0xB, DD = destination operand}
pulse PST = 0x4
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Table 5-22. PST/DDATA Specification for User-Mode Instructions (continued)

Instruction Operand Syntax PST/DDATA
rems.| <ea>y,Dx:Dw PST = 0x1, {PST = 0xB, DD = source operand}
remu.l| <ea>y,Dx:Dw PST = 0x1, {PST = 0xB, DD = source operand}

rts PST = 0x1, {PST = 0xB, DD = source operand},
PST = 0x5, {PST = [0x9AB], DD = target address}
scc Dx PST = 0x1
sub.l <ea>y,Rx PST = 0x1, {PST = 0xB, DD = source operand}
sub.l Dy,<ea>x PST = 0x1, {PST = 0xB, DD = source}, {PST = 0xB, DD = destination}
subi.l #imm,Dx PST = 0x1
subq.l #imm,<ea>x PST = 0x1, {PST = 0xB, DD = source}, {PST = 0xB, DD = destination}
subx.l Dy,Dx PST = 0x1
swap Dx PST = 0x1
trap #mm PST = 0x13
trapf PST = 0x1
tst.b <ea>X PST = 0x1, {PST = 0x8, DD = source operand}
tst.l <ea>X PST = 0x1, {PST = 0xB, DD = source operand}
tst.w <ea>X PST = 0x1, {PST = 0x9, DD = source operand}
unlk Ax PST = 0x1, {PST = 0xB, DD = destination operand}
wddata.b <ea>y PST = 0x4, {PST = 0x8, DD = source operand
wddata.l <ea>y PST = 0x4, {PST = 0xB, DD = source operand
wddata.w <ea>y PST = 0x4, {PST = 0x9, DD = source operand

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

For Move Multiple instructions (MOVEM), the processor automatically generates line-sized transfers if the operand address
reaches a 0-modulo-16 boundary and there are four or more registers to be transferred. For these line-sized transfers, the
operand data is never captured nor displayed, regardless of the CSR value.

The automatic line-sized burst transfers are provided to maximize performance during these sequential memory access
operations.

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

Exception ProcessingPST = OxC,{PST = 0xB,DD = destination},//stack frame

{PST = 0xB,DD = destination},// stack frame
{PST = 0xB,DD = source},// vector read
PST = 0x5,{PST = [0x9AB],DD = target}// handler PC

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

Exception ProcessingPST = OxC,
PST = Ox5,{PST = [0x9AB],DD = target} /I handler PC

The initial references at addrésand 4 are never captured nor digpthsince these eesses are treated
as instruction fetches.

For all types of exceptioprocessing, the PST = 0xC value is driell times, unless the PST output is
needed for one of the optional marker valaefor the taken branch indicator (0x5).
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5.7.2

The supervisor instructioset has complete access to the user nmdructions plus the opcodes shown

Supervisor Instruction Set

below. The PST/DDATA specificatn for these opcodes is showrTable 5-23
Table 5-23. PST/DDATA Specification for Supervisor-Mode Instructions

Instruction Operand Syntax PST/DDATA
cpushl PST =0x1
halt PST = 0x1,
PST = OxF
move.w SR,Dx PST = 0x1
move.w {Dy,#imm},SR PST = 0x1, {PST = 0x3}
movec Ry,Rc PST = 0x1
rte PST = 0x7, {PST = 0xB, DD = source operand}, {PST = 3},{ PST =0xB, DD =source
operand},
PST = 0x5, {{[PST = 0x9AB], DD = target address}
stop #imm PST = 0x1,
PST = OxE
wdebug <ea>y PST = 0x1, {PST = 0xB, DD = source, PST = 0xB, DD = source}

The move-to-SR and RTE instructionslude an optional PST = 0x3 valuedicating an entry into user
mode. Additionally, if the execution of a RTE ingttion returns the prossor to emulator mode, a
multiple-cycle status of OxD is signaled.

Similar to the exception processimgpde, the stopped state (PST = 0&R)l the halted state (PST = OxF)

display this status throughouttlentire time the ColdFire processor is in the given mode.
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The ColdFire BDM connectoFigure 5-41is a 26-pin Berg connector arranged 2 x 13.

Developer reserved 1
GND

GND

RESET
Pad-Voltage2

GND

PST2

PSTO

DDATA2

DDATAO

Freescale reserved
GND

Core-Voltage

o DN

10
12
14
16
18
20
22
24
26

1Pins reserved for BDM developer use.

2Supplied by target

BKPT

DSCLK

Developer reserved 1
DSI

DSO

PST3

PST1

DDATA3

DDATA1

GND

Freescale reserved
PSTCLK

TEA

Figure 5-41. Recommended BDM Connector
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Chapter 6
System Integration Module (SIM)

This chapter provides detailed op@ra information regarding the sygsh integration module (SIM). It
describes the SIM programming model, bus aabdn, power management, and system-protection
functions for the MCF5272.

6.1 Features

The SIM, shown irFigure 6-1 provides overall control of the busdaserves as the interface between the
ColdFire core processor complexdathe internal peripheral devices.

V2 COLDFIRE PROCESSOR COMPLEX
| — PLIC
— QSPI
SYSTEM INTEGRATION MODULE (SIM)
— DMA
System Control Base Address Identification Parallel Port
SCR  PMR WRRR WCR MBAR DIR PACNT- PADDR- PADR- — USB
[ 1 [ 1 [ 1 L | [ | ————3
SPR_ ALPR WIRR WER PDCNT  PCDDR  PCDR
! T H T . f . i | — PWM
———1
SDRAM Controller Chip Select Module External Interrupt Controller — Ethernet
Bus Interface
SDRAM Control 4 ICRs ISR ]
SDCR 8 8 —— | |Two UARTSs
— CSORs CSBRs E % |
SDRAM Timer Four
SDTR VR — General-
— — Purpose
Timers
; % - fo
Y 32-Bit Data Bus
DRAM Controller Outputs CSJ[7:0] Y 32-Bit Address Bus INT[6:1]

Control Signals

Figure 6-1. SIM Block Diagram
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The following is a lisof the key SIM features:

* Module base address register (MBAR)
— Base address location of all internal periple@IM resources, and memory-mapped registers
— Address space masking to intakperipherals and SIM resources
* Interrupt controller
— Programmabile interrupt level (1-40y internal peripheral interrupts
— Up to six external interrupt request inputs
— SeeChapter 7, “Interrupt Controllér
* Chip select module
— Eight dedicated progmmable chip selects
— Address masking for memory bloskes from 4 Kbytes to 2 Gbytes
— Programmable wait states and port sizes
— Programmable address setup
— Programmable address hold for read and write
— SDRAM controller interfice supported with C&SDCS
SeeChapter 8, “Chip Select Module
» System protection
— Hardware watchdog timer. S&ection 6.2.3, “System Cougfiration Register (SCR)
— Software watchdog timer. S&ection 6.2.8, “Software Watchdog Timer
* Pin assignment registéPAR) configures the parallel port. Seection 6.2.3, “System
Configuration Register (SCR)
* Power management
— Individual control for each on-chip peripheral
— Choice of low-power modes
SeeSection 6.2.5, “Power Managent Register (PMR)
* Bus arbitration
— Configure arbitration for intmal bus among ColdFire cotethernet controller, and DMA
controller. Seé&ection 6.2.3, “System Coqgfiration Register (SCR)

6.2 Programming Model

The following sections describe theyigters incorporated into the SIM.

6.2.1 SIM Register Memory Map

Table 6-1shows the memory map for the SIM registérhe internal registers in the SIM are
memory-mapped registers offset from the MBA&Iress pointer defiden MBAR[BA]. This
supervisor-level regist is described iBection 6.2.2, “Module Baseddiress Register (MBAR)Because
SIM registers depend on the base address defind@AR[BA], MBAR must be programmed before
SIM registers can be accessed.
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Table 6-1. SIM Registers

ngfgeF: [31:24] [23:16] [15:8] [7:0]
0x000 Module base address register (MBAR), after initialization [p. 6-3]
0x004 System configuration register (SCR) [p. 6-5] ‘ System protection register (SPR) [p. 6-6]
0x008 Power management register (PMR) [p. 6-7]
0x00C Reserved ‘ Active low power register (ALPR) [p. 6-10]
0x010 Device identification register (DIR) [p. 6-11]
0x014— Reserved
0x01C
Interrupt Controller Registers
0x020 Interrupt control register 1 (ICR1) [p. 7-4]
0x024 Interrupt control register 2 (ICR2) [p. 7-5]
0x028 Interrupt control register 3 (ICR3) [p. 7-5]
0x02C Interrupt control register 4 (ICR4) [p. 7-5]
0x030 Interrupt source register (ISR) [p. 7-6]
0x034 Programmabile interrupt transition register (PITR) [p. 7-7]
0x038 Programmable interrupt wakeup register (PIWR) [p. 7-8]
0x03C Reserved Programmable interrupt
vector register (PIVR) [p.
7-9]
Software Watchdog Registers
0x280 Watchdog reset reference register (WRRR) [p. 6-12] Reserved
0x284 Watchdog interrupt reference register (WIRR) [p. 6-12] Reserved
0x288 Watchdog counter register (WCR) [p. 6-13] Reserved
0x28C Watchdog event register (WER) [p. 6-13] Reserved
6.2.2 Module Base Address Register (MBAR)

The supervisor-level MBARFigure 6-2 specifies the base address alowable access types for all
internal peripherals. It is written with a MOVEGstruction using the CPHddress OxCOF. (See the

ColdFire Family Programmer’s Reference ManJ&fIBAR can be read osritten through the debug
module as a read/write register,described in.” Once MBAR has beigitialized, it can be read and
written in supervisor mode at the addrpssgrammed into the baseldress (BA) field.

The valid bit, MBAR[V], is clearedt system reset to prevent incorrect references before MBAR is
written; other MBAR bits are unindlized at reset. To access interpatipherals, write MBAR with the
appropriate base address (BAdasset MBAR[V] after system reset.

All internal peripheral registeroccupy a single relocatable memblyck along 64-Kbyte boundaries. If

MBAR]V] is set, MBAR[BA] is compared to the upp&6 bits of the full 32-bit internal address to
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determine if an internal periptad is being accessed. MBAR maskgdfic address spaces using the
address space fields. Attemptsatitcess a masked address spgrerate an external bus access.

Addresses hitting overlapping memayaces take the following priority:
1. SRAM, ROM, and cache
2. MBAR
3. Chip select

Thus, if an overlapping address hits in the SRAM, ROM;ache, the SIM wilhot generate a bus cycle,
either externally or tan on-chip peripheral.

NOTE
The MBAR region must bmapped to non-cacheable space.

31 16 15 5 4 3 2 1 0
Field BA — SC|SD|UC|uUD |V
Reset Undefined
R/W W initially through MOVEC; R/W after initialization in supervisor mode
Address CPU + 0x0COF initially; MBAR+0x000 after initialization

Figure 6-2. Module Base Address Register (MBAR)

Table 6-2describes MBAR fields.
Table 6-2. MBAR Field Descriptions

Bits Field Description

31-16 BA |Base address. Defines the base address for a 64-Kbyte address range.

15-5 — | Reserved, should be cleared.
4 SC | Setting masks supervisor code space in MBAR address range
3 SD | Setting masks supervisor data space in MBAR address range
2 UC | Setting masks user code space in MBAR address range Attribute Mask Bits
1 UD | Setting masks user data space in MBAR address range
0 V | Valid. Determines whether MBAR settings are valid.

0 MBAR contents are invalid.
1 MBAR contents are valid.

The following example shows how to set MBAR to location 0x1000_0000 using the DO register.
Setting MBAR[V] validates th&/BAR location. This examplessumes all accesses are valid:

move.1 #0x10000001,DO
movec DO,MBAR
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6.2.3 System Configuration Register (SCR)

The system configuration register (SCRigure 6-3 provides information ancontrol for a variety of
system features.

15 14 13 12 11 9 8 7 6 5 4 3 2 0
Field| 1 | 0 RSTSRC — ‘ Priority ‘ AR | SoftRST‘ — ‘ BusLock ‘ HWR
Reset| 1 | 0 seeTable 6-3 0000_1000_0111
R/W R/W; except for RSTSRC[1:0], which are read only

Address MBAR + 0x004

Figure 6-3. System Configuration Register (SCR)

Table 6-3describes SCR fields.
Table 6-3. SCR Field Descriptions

Bits Field Description

15-14 — Reserved. Bit 15 always reads as a 1, bit 14 as a 0. Writing to these bits has no effect.

13-12 | RSTSRC | Reset source. Indicates the source of the last device reset.
00 Reserved

01 RSTI asserted, DRESETEN not asserted

10 Software watchdog

11 RSTI and DRESETEN asserted

11-9 — Reserved, should be cleared.

8 Priority | Selects the bus arbiter priority scheme.

0 Ethernet has highest priority, DMA has next highest priority, CPU has lowest priority.
1 CPU has highest priority, DMA has next highest priority, Ethernet has lowest priority.
This bit should be cleared if the Ethernet module is enabled.

7 AR Assume request. Selects the bus mastership scheme.

0 Current bus master relinquishes the bus after the current bus cycle.

1 Assume current bus master wants the bus for the next bus cycle and include it in the arbitration process.
If AR is set and the current bus master has a higher priority than other requesting masters but is not
requesting the bus for the next cycle, there is a 1 clock dead cycle before the arbiter can reassign the
bus to the next highest priority master.

6 SoftRST | Writing a one to this bit resets the on-chip peripherals, excluding the chip select module, interrupt
controller module, GPIO module, and SDRAM controller, and asserts RSTO. The CPU is not reset. The
reset remains asserted for 128 clock cycles. This bit is automatically cleared on negation of the reset.

5-4 — Reserved, should be cleared.
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Table 6-3. SCR Field Descriptions (continued)

Bits Field Description

3 BusLock |Locks the ownership of the bus.
0 Ownership of the bus is determined by arbitration.
1 Current bus master retains ownership of the bus indefinitely.

2-0 HWR Hardware watchdog reference. Determines how many clocks to wait before timing out a bus cycle when
SPR[HWTEN] is set. The value programmed should be longer than the response time of the slowest
external peripheral in the system.

000 128

001 256

010 512

011 1024

100 2048

101 4096

110 8192

111 16384

6.2.4 System Protection Register (SPR)

The system protection register (SPRyjure 6-4 provides information about bus cycles that have
generated error conditions. These error conditionsopdionally generate an access error exception by
using the enable bits.

15 14 13 12 11 10 9 8
Field| ADC ‘ WPV ‘ SMV ‘ PE ‘ HWT ‘ RPV ‘ EXT | Suv
Reset 0000_0000
RIW RIW

7 6 5 4 3 2 1 0
Field| ADCEN ‘WPVEN ‘ SMVEN ‘ PEEN ‘ HWTEN ‘ RPVEN ‘ EXTEN | SUVEN
Reset 0000_1011
RIW RIW

Address MBAR + 0x006

Figure 6-4. System Protection Register (SPR)

Table 6-4describes SPR fields.
Table 6-4. SPR Field Descriptions

Bits Fields Description

15,7 ADC, Address decode conflict. This bit is set when an address matches against two chip selects. If ADCEN is
ADCEN | also set, the bus cycle is terminated with an access error exception.

14,6 WPV, Write protect violation. This bit is set when a write access is attempted to an area for which the chip select
WPVEN |is set to read only. If WPVEN is also set, the bus cycle is terminated with an access error exception.

13,5 SMV, Stopped module violation. This bit is set when an access is attempted to an on-chip peripheral whose
SMVEN | clock has been stopped. If SMVEN is also set, the bus cycle is terminated with an access error exception.

12,4 | PE, PEEN | Peripheral error. This bitis set when an access to an on-chip peripheral is terminated with a transfer error.
If PEEN is also set, the bus cycle is terminated with an access error exception.
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Table 6-4. SPR Field Descriptions (continued)

Bits Fields Description
11, 3 HWT, Hardware watchdog timeout. This bit is set when the hardware watchdog timer has reached its
HWTEN | programmed timeout value. If HWTEN is also set, the bus cycle is terminated with an access error
exception.
10, 2 RPV, Read protect violation. This bit is set when a read access is attempted to an area for which the chip select
RPVEN |is set to write only. If RPVEN is also set, the bus cycle is terminated with an access error exception.
9,1 EXT, External transfer error. This bit is set when an external transfer error is reported to the SIM on TEA. If
EXTEN | EXTEN is also set, the bus cycle is terminated with an access error exception.
8,0 Suy, Supervisor/user violation. This bit is set when a user mode access is attempted to an area for which the
SUVEN | chip select is set to supervisor only. If SUVEN is also set, the bus cycle is terminated with an access error
exception.

6.2.5 Power Management Register (PMR)

The power management register (PMRyure 6-5 is used to control the various low-power options
including low-power sleep, low-power stop dgmowering down indidual on-chip modules.

31 30 27 26 25 24
Field| BDMPDN — |ENETPDN| PLIPDN | DRAMPDN
Reset 0000_0000
R/W R/W, Supervisor mode only
23 22 21 20 19 18 17 16
Field| DMAPDN ‘ PWMPDN ‘ QSPIPDN ‘TIMERPDN ‘GPIOPDN| USBPDN |UART1PDN UARTOPDN
Reset 0000_0000
R/W R/W, Supervisor mode only
15 11 10 9 8
Field —_ | USBWK | UARTIWK | UARTOWK
Reset 0000_0000
R/W R/W, Supervisor mode only
7 6 5 4 3 0
Field — ‘ MOS ‘ SLPEN —
Reset 0000_0000
R/W R/W, Supervisor mode only
Address MBAR+0x008

Figure 6-5. Power Management Register (PMR)

Table 6-5describes PMR fields.
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Table 6-5. PMR Field Descriptions

Bits

Field

Description

31

BDMPDN

Debug power-down enable. Controls the clocking to the debug module.
0 Clock enabled.
1 Clock disabled.

30-27

Reserved, should be cleared.

26

ENETPDN

Ethernet power-down enable. Controls the clocking to the ethernet module.
0 Clock enabled.
1 Clock disabled.

25

PLIPDN

PLIC power-down enable. Controls the clocking to the PLIC module.
0 Clock enabled.
1 Clock disabled.

24

DRAMPDN

DRAM controller power-down enable. Controls the clocking to the DRAM controller module.
0 Clock enabled.
1 Clock disabled.

23

DMAPDN

DMA controller power-down enable. Controls the clocking to the DMA controller module.
0 Clock enabled.
1 Clock disabled.

22

PWMPDN

PWM power-down enable. Controls the clocking to the PWM module.
0 Clock enabled.
1 Clock disabled.

21

QSPIPDN

QSPI power-down enable. Controls the clocking to the QSPI module.
0 Clock enabled.
1 Clock disabled.

20

TIMERPDN

Timer power-down enable. Controls the clocking to the timer module.
0 Clock enabled.
1 Clock disabled.

19

GPIOPDN

Parallel port power-down enable. Controls the clocking to the parallel port module.
0 Clock enabled.
1 Clock disabled.

18

USBPDN

USB power-down enable. Controls the clocking to the USB module. Clocking to the USB module may
be turned on by USD_D+ or INT1/USB_WOR, at which time this bit is automatically cleared.

0 Clock enabled.

1 Clock disabled.

17

UART1PDN

UARTL1 power-down enable. Controls the clocking to the UART1 module. Clocking to the UART1
module may be restored when a change in signal level is detected on UART1RxD, at which time this
bit is automatically cleared.

0 Clock enabled.

1 Clock disabled.

16

UARTOPDN

UARTO power-down enable. Controls the clocking to the UARTO module. Clocking to the UARTO
module may be restored when a change in signal level is detected on UARTORXD, at which time this
bit is automatically cleared.

0 Clock enabled.

1 Clock disabled.

15-11

Reserved, should be cleared.
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Table 6-5. PMR Field Descriptions (continued)

Bits Field Description

10 USBWK USB wakeup enable. Allows clocking to the USB module to be restored when a change in signal level
is detected on USD_D+ or INT1/USB_WOR. See Table 6-6 for a description of the interaction between
the PDN and WK bits.

0 Wakeup disabled.
1 Wakeup enabled. USBPDN must also be set.

9 UART1IWK | UART1 wakeup enable. Allows clocking to the UART1 module to be restored when a change in signal
level is detected on UART1RXD. See Table 6-6 for a description of the interaction between the PDN and
WK bits.

0 Wakeup disabled.
1 Wakeup enabled. UART1PDN must also be set.

8 UARTOWK | UARTO wakeup enable. Allows clocking to the UARTO module to be restored when a change in signal
level is detected on UARTORXD. See Table 6-6 for a description of the interaction between the PDN and
WK bits.

0 Wakeup disabled.
1 Wakeup enabled. UARTOPDN must also be set.
7-6 — Reserved, should be cleared.

5 MOS Main oscillator stop. Allows the MCF5272 to be put into stop mode, in which internal clocking is stopped
to the entire processor. To enter stop mode, the user must write to the ALPR and then execute a STOP
instruction. See Section 6.2.6, “Activate Low-Power Register (ALPR).” It is not necessary to put any
on-chip modules in power down mode. After setting this bit, a write access must be made to the ALPR
register to actually enter stop mode. D[31:0] are driven low, and other bus signals are negated. Stop
mode is exited when an interrupt is detected on one the external interrupt pins, INT[6:1].

0 Stop mode disabled.
1 Stop mode enabled.

4 SLPEN Sleep enable. Allows the MCF5272 to be put into sleep mode in which internal clocking to the CPU is
disabled.To enter sleep mode, the user must write to the ALPR and then execute a STOP instruction.
See Section 6.2.6, “Activate Low-Power Register (ALPR).” Individual modules may have clocking
disabled through the appropriate PDN bits. After SLPEN is set, a write access must be made to ALPR
to actually enter sleep mode. D[31:0] are driven low, and other bus signals are negated. Sleep mode is
exited when an interrupt is detected from an on-chip peripheral or one of the external interrupt pins,
INTI[6:1].

0 Sleep mode disabled.
1 Sleep mode enabled.
3-0 — Reserved, should be cleared.

Table 6-6details the interaction between the PDid &V/K bits for the USB and USART modules.

Table 6-6. USB and USART Power Down Modes

PDN | WK Description
0 X | Module powered up and operating normally.
1 0 |Module in power down and can only be reactivated by clearing PDN.
1 1 |Module in power down and can be reactivated by clearing PDN or detecting signal on the receive pins.
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6.2.6 Activate Low-Power Register (ALPR)

ALPR, Figure 6-6 is used to put the MCF5272 into a low ownode (sleep oragp). A low-power mode
is activated by a write access with any datALPR followed by a STOP instruction.

15 0
Field ALPHR
Reset 0000_0000_0000_0000
R/W Write only
Address MBAR + 0x00E

Figure 6-6. Activate Low-Power Register (ALPR)

The sequence to enter sleep mode is as follows:
1. Set power down and wakeup enable bitheénPMR as desired; set PMR[SLPEN].

2. Set the CPU interrupt priority level in the stategister (SR). Interrupts below this level do not
reactivate the CPU. Note thatyainterrupt will cause the prossor to exit low-power mode, but
only unmasked interrupts will cauee processor to resume operation.

3. Perform a write access with any data to ALPR.
4. Execute the STOP instruction. This must benind instruction executed after the write to the
ALPR.

Sleep mode is exited by an interrupt request from tygean external device an on-chip peripheral as
detailed inTable 6-7
The sequence to enter stop mode is:

1. Set PMR[MOS]; clear PMR[SLPEN].

2. Set the CPU interrupt priority level in the stategister (SR). Interrupts below this level do not
reactivate the CPU.

3. Perform a write access with any data to ALPR.
4. Execute the STOP instruction. This must benii instruction executed after the write to the
ALPR.
Stop mode is exited by an interrupt requestin an external dece as detailed ifable 6-7
Table 6-7. Exiting Sleep and Stop Modes

Interrupt Source Exit Sleep Exit Stop | USB Wake-on-Ring
Interrupts, INT6—INT2 Yes Yes No
Interrupt, INT1 Yes Yes Yes
USART1, USART2 Yes, interrupt and Rx signal change No No
QSPI Yes No No
USB Yes, interrupt and Rx signal change No No
PLIC Yes, interrupt No No
General purpose I/0 No No No
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Table 6-7. Exiting Sleep and Stop Modes (continued)

Interrupt Source Exit Sleep Exit Stop | USB Wake-on-Ring
General purpose timers Yes, interrupt No No
Ethernet Yes, interrupt No No
DMA controller Yes, interrupt No No
PWM No No No
Hardware watchdog timer | No No No
Software watchdog timer | Yes, interrupt No No

6.2.7 Device ldentification Register (DIR)

The DIR,Figure 6-7 contains a value representing the ideration mark for the\iCF5272 device. This
register contains the same value as the JTAG IDC@Dister. The version numbgeld will change if a
new revision of the MCF5272 is created.

31 28 27 22 21 12 11 1 0
Field| Version Design Center Device Number JEDEC ID —
Number
Value 0010 0100_01 00_0000_0011 0000_0001_110 1
forK75N
R/W Read only
Address MBAR+0x010

Figure 6-7. Device Identification Register (DIR)

Table 6-8describes the DIR fields.
Table 6-8. DIR Field Descriptions

Bits Description

31-28 Version number. Indicates the revision number of the MCF5272.

27-22 | Design center. Indicates the ColdFire design center
21-12 Device number. Indicates an MCF5272

111 Indicates the reduced JEDEC ID for Freescale. Joint Electron Device Engineering Council (JEDEC) Publication
106-A and Chapter 11 of the IEEE Standard 1149.1 give more information on this field.

6.2.8 Software Watchdog Timer

The software watchdog timer prevents system lockapilsl the software become trapped in loops with
no controlled exit. The software watchdog timer barenabled or disabled through WRRR[EN]. If
enabled, the watchdog timer requires the periodicugi@cof a software watchdog servicing sequence.
If this periodic servicing action does not occur, tiheer counts until it reaches the reset timeout value,
resulting in a hardware reset with RSd@€ven low for 16 clocks. SCIRISTSRC] is updated to indicate
that the software watchdog caused the reset.
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If an interrupt timeout Mae is programmed in WIRR, and this valis reached prior to the reset timeout
value, WER[WIE] is set and a masKe interrupt is issued at the level defined by ICR4[SWTOIPL].

The software watchdog consists df%bit counter with a 15it prescaler. It counts up to a maximum of
32768, with a resolution of 32768 cloperiods. Thus, at 66 MHz, the resolution of the watchdog is 0.5
msec, with a maximum timeout period of 32768 * 32768%ckck periods or 16.267 S.

Timeout = (WRRR +1) * 32768 clocks

6.2.8.1 Watchdog Reset Reference Register (WRRR)

The watchdog reset referee register (WRRRJigure 6-8 contains the referenelue for the software
watchdog timeout causing a reset.

15 1 0
Field REF EN
Reset 1111 1111 1111 1110
R/W R/W
Address MBAR + 0x280

Figure 6-8. Watchdog Reset Reference Register (WRRR)

Table 6-9describes WRRR fields.
Table 6-9. WRRR Field Descriptions

Bits | Field Description

15-1 | REF |Reference value. This field determines the reset timeout value.Reset initializes this register to OXFFFE,
disabling the watchdog timer and setting it to the maximum timeout value.

0 EN | Enable watchdog. When enabled, software should periodically write to WCR to avoid reaching the reset
reference value.

0 Watchdog timer disabled.

1 Watchdog timer enabled.

6.2.8.2 Watchdog Interrupt Reference Register (WIRR)

The watchdog interrupt reference register (WIRRgure 6-9 contains the reference value for the
software watchdog timeout causing an interrupt.

15 1 0
Field REF IEN
Reset 1111 1111 1111 1110
R/W RIW
Address MBAR + 0x284

Figure 6-9. Watchdog Interrupt Reference Register (WIRR)

Table 6-10describes WIRR fields.
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Table 6-10. WIRR Field Descriptions

Bits | Field Description

15-1 | REF |Reference value. Contains the reference value for the watchdog timeout causing an interrupt.

0 IEN | Enable interrupt. When enabled, software should periodically write to WCR to avoid reaching the interrupt

reference value.

0 Disable interrupt.

1 Enable interrupt upon reaching interrupt reference value. If IEN is set when WER[WIE] = 1, an immediate
interrupt occurs.

6.2.8.3 Watchdog Counter Register (WCR)

The WCR|Figure 6-10 contains the 16 most significant batsthe software watchdog counter. Writing
any value to WCR resets the counter and presaalt should be executed amegular basis if the
watchdog is enabled.

15 0
Field COUNT
Reset 0000_0000_0000_0000
R/W R/W
Address MBAR + 0x288

Figure 6-10. Watchdog Counter Register (WCR)

6.2.8.4 Watchdog Event Register (WER)
The WER Figure 6-11 reports when the watchdognr reaches the WIRR value.

15 1 0
Field — WIE
Reset 0000_0000_0000_0000
R/IW R/IW
Address MBAR + 0x28C

Figure 6-11. Watchdog Event Register (WER)

Table 6-11describes WER fields.
Table 6-11. WER Field Descriptions

Bits | Field Description

15-1 — | Reserved, should be cleared.

0 WIE |Watchdog interrupt event.

0 WIRR value has not been reached.

1 WIRR value has been reached.

WIE is cleared by writing a 1 to it. The timer does not negate the interrupt request to the interrupt controller until
WIE is cleared. WIE is set regardless of the state of WIRR[IEN]; however, an interrupt is not asserted to the
controller unless WIRR[IEN] = 1.
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Chapter 7
Interrupt Controller
This chapter describes the opewatof the interrupt controller portiasf the system integration module

(SIM). It includes descriptions of the registersgha interrupt controller memory map and the interrupt
priority scheme.

7.1

Overview

The SIM provides a centralized interrupt controftarall MCF5272 interrupsources, which consist of
the following:

External interrupts IN[B:1]
Timer modules

UART modules

PLIC module

USB module

DMA module

Ethernet module

QSPI module

Software watchdog timer (SWT)

Figure 7-1is a block diagram of the interrupt controller.

The SIM provides the followingegisters for managing interrupts:

Four interrupt control registers (ICR1-ICR4), whigre used to assign interrupt levels to the
interrupt sources.

The interrupt source registeBR) allows reading the instantaneeatue of each interrupt source.
The programmable interrupt tratisn register (PITR) specifiethe triggering transition of the
external interrupt inputs.

The programmable interrupt weup register (PIWR) speciBevhich interrupt sources can
reactivate the CPU from low-power sleep or stop mode.

The programmable interrupt vectagister (PIVR) specifies whicvector number is returned in
response to an interrupt acknowledge cycle.
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—{ PLIC
—{ QSPI
SYSTEM INTEGRATION MODULE (SIM)
— DMA
— USB
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Interrupt Controller — Ethernet
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° — —|Two UARTS
= IE |«
PIWR Four
VR || General-
— — Purpose
Timers

4o

INT[1:6]

Figure 7-1. Interrupt Controller Block Diagram

7.2  Interrupt Controller Registers

The interrupt controller register panti of the SIM memory map is shownTable 7-1

Table 7-1. Interrupt Controller Registers

ngfgeFi [31:24] [23:16] [15:8] [7:0]

0x020 Interrupt control register 1 (ICR1) [p. 7-4]

0x024 Interrupt control register 2 (ICR2) [p. 7-5]

0x028 Interrupt control register 3 (ICR3) [p. 7-5]

0x02C Interrupt control register 4 (ICR4) [p. 7-5]

0x030 Interrupt source register (ISR) [p. 7-6]

0x034 Programmable interrupt transition register (PITR) [p. 7-8]

0x038 Programmable interrupt wakeup register (PIWR) [p. 7-9]

0x03C Reserved Programmable interrupt

vector register (PIVR)

[p. 7-9]

All external interrupt inputs are edge sensitivehwie active edge beipgogrammable through PITR.
An interrupt must remain asserted for at leastdttonsecutive rising edgef CPU_ExtCLK to be
considered valid. The priority level of eaclemupt source is progmmed through the ICRs.

The MCF5272 does not supportawectored interrupts. Interrupt sex® routines for all interrupts should
have vectors in the user-definaterrupt region of the vector tab{vectors 64—255). The location of these
vectors is programmable through the PIVR. For nmigi@mation on the servicing of interrupts, see
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Chapter 2, “ColdFire CorePending interrupts froraxternal sources (IN®:1]) can be cleared using the
ICRs.

For an interrupt to be successfutisocessed, stack RAM must be dablie. A programmiale chip select

is often used for the RAM, in which case, theNR/ not immediately available at startup. Thus, no
interrupts are recognized until PIViRinitialized. The RAM chip seleeand system stack should be set up
before this initialization.

If more than one interrupt source has the same intgorigoity level (IPL), the interrupt controller daisy
chains the interrupts with the priority ordeddaving the bit placemerih the PIWR, with INT 1having
the highest priority and SWTO having the lowest priority, as showingure 7-8

7.2.1 Interrupt Controller Registers

This section describes the registers eisded with the interrupt controlléfable 7-2gives the
nomenclature used for the interrgutd power management registers.

Table 7-2. Interrupt and Power Management Register Mnemonics

Mnemonic or Portion Thereof Description
INT1, INT2, INT3, INT4, INT5, INT6 External interrupt signals 1-6.
TMRO, TMR1, TMR2, TMR3 Timers 3-0 from timer module
USBO, USB1, USB2, USB3, USB4, USBS5, USB endpoint 0—7
USB6, USB7
UART1, UART2 UART1, UART2 modules
PLIP PLIC 2-KHz periodic interrupt, 2B+D data
PLIA PLIC asynchronous and maintenance channels interrupt
DMA DMA controller interrupt
ETx Ethernet module transmit data interrupt
ERx Ethernet module receive data interrupt
ENTC Ethernet module non-time-critical interrupt
QSPI Queued serial peripheral interface
IPL2, IPL1, IPLO Interrupt priority level bits 2—0
PI Pending interrupt
PDN Power down enable
WK Wakeup enable
SWTO Software watchdog timer time out
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7.2.2 Interrupt Control Registers (ICR1-ICR4)

ICR1-ICR4 are used to configure interrupts from varimusand off-chip sources. When read, the data is
the last value written to the registeith the exception of the PI bitshich are transitory functions. These
registers can be accessed as 8-,dr632-bit registers. An 8- or 16ihwrite leaves the remaining bits
intact. To avoid altering other IPL fields whessetting interrupts gendea by INT[6:1], read the
required byte, word, or longword from the appropri@ie, AND.B/WI/L its value with a mask whose IPL
bits are all 1 and whose PI bits dréor those sources whose PI bitase reset and 0 for those sources
whose Pl bit is to be left unchanged.

7.2.2.1 Interrupt Control Register 1 (ICR1)

ICR1, Figure 7-2 is used to configure interrupts frorarious on- and off-chip sources.

31 30 28 27 26 24 23 22 20 19 18 16
Field| INT1PI | INTLIPL ‘ INT2PI ‘ INT2IPL ‘ INT3P| | INT3IPL ‘ INT4PI ‘ INT4IPL
Reset 0000_0000_0000_0000

15 14 12 11 10 8 7 6 4 3 2 0
Field TMROPI| TMROIPL ‘TMRlPI‘ TMRLIPL ‘TMRZPI| TMR2IPL ‘TMRBPI‘ TMR3IPL
Reset 0000_0000_0000_0000
RIW RIW
Addr MBAR + 0x020

Figure 7-2. Interrupt Control Register 1 (ICR1)

Table 7-3describes ICR1 fields.
Table 7-3. ICR Field Descriptions

Bits Name Description
31, 27, PI Pending interrupt. Writing a 1 enables the value for the corresponding IPL field to be set. Note: for
23,19, external interrupts only, writing a one to this bit clears the corresponding interrupt latch. The external
15,11, 7, interrupt must be toggled before another interrupt is latched. For all on-chip interrupt sources, this bit
3 is cleared when the interrupt is cleared in the module registers.

0 No interrupt pending
1 Aninterrupt is pending.

30-28, IPL Interrupt priority level. Specifies the IPL for the corresponding interrupt source. This field can be
26-24, changed only when a 1 is simultaneously written to the corresponding Pl bit.
22-20, 000 The corresponding INT source is inhibited and cannot generate interrupts. The state of the signal
18-16, can still be read in the ISR.
14-12, 001-111The corresponding INT source is enabled and generates an interrupt with the indicated priority
10-8, level.

6-4, 2-0
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7.2.2.2 Interrupt Control Register 2 (ICR2)

ICR2,Figure 7-3 is used to configure interrigofrom various on-chip sources.

31 30 28 27 26 24 23 22 20 19 18 16
Field| UART1PI | UARTL1IPL | UART2PI | UART2IPL | PLIPPI | PLIPIPL | PLIAPI [  PLIAIPL
Reset 0000_0000_0000_0000

15 14 12 11 10 8 7 6 4 3 2 0
Field USBOPI| USBOIPL \ USB1PI \ USB1IPL ‘USBZPI| USB2IPL ‘USB3PI‘ USB3IPL
Reset 0000_0000_0000_0000
RIW RIW
Addr MBAR + 0x024

Figure 7-3. Interrupt Control Register 2 (ICR2)
Table 7-3describes ICR2 fields.

7.2.2.3 Interrupt Control Register 3 (ICR3)

ICR3, Figure 7-4 is used to configure interrigofrom various on-chip sources.

31 30 28 27 26 24 23 22 20 19 18 16
Field| USBAPI | USB41IPL | USBSPI | USBSIPL | USB6PI | USB6IPL | USB7PI |  USB7IPL
Reset 0000_0000_0000_0000

15 14 12 11 10 8 7 6 4 3 2 0
Field| DMAPI | DMAIPL \ ERXPI \ ERXIPL \ ETXPI | ETXIPL ‘ENTCPI‘ ENTCIPL
Reset 0000_0000_0000_0000
RIW RIW
Addr MBAR + 0x028

Figure 7-4. Interrupt Control Register 3 (ICR3)
Table 7-3describes ICR3 fields.

7224 Interrupt Control Register 4 (ICR4)

ICR4, Figure 7-5 is used to configure interrigofrom various on-chip sources.

31 30 28 27 26 24 23 22 20 19 18 16
Field| QSPIPI | QSPIIPL \ INTSPI \ INT5IPL \ INT6PI | INT6IPL ‘SWTOPI SWTOIPL
Reset 0000_0000_0000_0000

15 0
Field —
Reset 0000_0000_0000_0000
RIW RIW
Addr MBAR + 0x02C

Figure 7-5. Interrupt Control Register 4(ICR4)
Table 7-3describes ICRA4 fields.
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7.2.3

The interrupt source register (ISRjgure 7-6 is used to read the instantaneous value of all interrupt
sources, both internal and externalt@&that the register bits giveetlvalue of the interrupt source prior

Interrupt Source Register (ISR)

to input synchronization or polarity correction.

31 30 29 28 27 26 25 24
Fied| INTL | INT2 | INT3 | INT4 | TMRO | TMRL | TMR2 TMR3
Reset XXXX_1111
R/W Read only
23 22 21 20 19 18 17 16
Field| UART1 UART2 PLI_P PLI_A USBO USB1 USB2 USB3
Reset 1111 1111
R/W Read only
15 14 13 12 11 10 9 8
Field| USB4 USB5 USB6 USB7 DMA ERXx ETx ENTC
Reset 1111 1111
R/W Read only
7 6 5 4 3 0
Field| QSPI INT5 INT6 SWTO —
Reset 1XX1_0000
R/W Read only
Address MBAR+0x030

Figure 7-6. Interrupt Source Register (ISR)

Table 7-4describes ISR fields.

Table 7-4. ISR Field Descriptions

Bits Field Description
31-4 — 0 Interrupt source is high.
1 Interrupt source is low.
3-0 — Reserved, should be cleared.
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7.2.4 Programmable Interrupt Transition Register (PITR)

The programmable interruptmusition register (PITR};igure 7-7 specifies the triggering (either
high-to-low or low-to-high) on eaabf the external interrupt inputs.

31 30 29 28 27 16
Field INT1‘INT2‘INT3‘INT4‘ —
Reset 0000_0000_0000_0000
15 7 6 5 4 0
Field — INT5 |INT6 —
Reset 0000_0000_0000_0000
RIW RIW
Addr MBAR + 0x034

Figure 7-7. Programmable Interrupt Transition Register (PITR)

Table 7-5describes PITR fields.
Table 7-5. PITR Field Descriptions

Bits Name Description
31-28, — 0 Triggering edge of external interrupt input is high-to-low (negative edge triggered).
6,5 1 Triggering edge of external interrupt input is low -to-high (positive edge triggered).
27-7, — Reserved, should be cleared.
4-0
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7.2.5 Programmable Interrupt Wakeup Register (PIWR)

The programmable interruptakeup register (PIWRJigure 7-8 is used to specify which interrupt
sources are capable of causing@#J to wake up from low-power SLEEP or STOP modes when their
source is active. Aources are disabled on reséote that only the external interrupt pins €] can
wake up the CPU from STOP mode.

If more than one interrupt source has the samerugiepriority level (IPL)programmed in the ICRs, the
interrupt controller daisy chainsefinterrupts with the priority ordéollowing the bit placement in the
PIWR, with INT1having the highest priorignd SWTO having the lowegstiority as shown ifrigure 7-8

31 30 29 28 27 26 25 24
Field| INT1 ‘ INT2 ‘ INT3 ‘ INT4 ‘ TMRO | TMR1 | TMR2 ‘ TMR3
Reset 1111 1111
RIW RIW
23 22 21 20 19 18 17 16
Fieldl| UART1 | UART2 | PLIP PLIA USBO USB1 USB2 USB3
Reset 1111 1111
RIW RIW
15 14 13 12 11 10 9 8
Field| USB4 USB5 USB6 USB7 DMA ERX ETx ENTC
Reset 1111 1111
RIW RIW
7 6 5 4 3 0
Field| QSPI INT5 INT6 SWTO —
Reset 1111_0000
RIW RIW
Address MBAR+0x038

Figure 7-8. Programmable Interrupt Wakeup Register (PIWR)

Table 7-6describes PIWR fields.
Table 7-6. PIWR Field Descriptions

Bits Field Description

31-4 — 0 Interrupt cannot wake up the CPU when interrupt source is active.
1 Interrupt wakes up the CPU from low-power modes.

3-0 — Reserved, should be cleared.
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7.2.6 Programmable Interrupt Vector Register (PIVR)

The programmable interrupéctor register (PIVR)igure 7-9 specifies the vector numbers the interrupt
controller returns in responseitderrupt acknowledge cycles foretvarious peripherals and discrete
interrupt sources.

Pending interrupts are presented togtaessor core in ordef priority from highesto lowest. The core
responds to an interrupt request by initiating arrinfg acknowledge cycle t@ceive a vector number,
which allows the core to locate the interrupt’'s serviegine. The interrupt contr@t is able to identify
the source of the highest priorityterrupt that is beingcknowledged and providedlinterrupt vector to
the core. The three most significant bits of thernjet vector are programmed by the user in the PIVR.
The lower five bits are provided by the interragphtroller, depending on the source, as shown in
Table 7-7

If the core initiates an interrupt acknowledge eygtior to the PIVR being programmed, the interrupt
controller returns the uninitializedterrupt vector (Ox0OF). If the coiritiates an interrupt acknowledge
cycle after the PIVR has been ialized, but there is no interruptiaing, the interrupt controller returns
the user a spurious interrupt vectorX®0 0000). Because the interrupt controller responds to all
interrupt acknowledges, a bus error situatiamnod occur during an interrupt-acknowledge cycle.

7 5 4 0
Field v —
Reset 0000_1111
R/IW R/W
Address MBAR + 0x03F

Figure 7-9. Programmable Interrupt Vector Register (PIVR)

Table 7-7describes PIVR fields.
Table 7-7. PIVR Field Descriptions

Bits | Field Description

7-5 IV | These hits provide the high three bits of the interrupt vector for interrupt acknowledge cycles from all sources.
To conform to the core interrupt vector allocation, these bits should be set equal to or greater than 010. See
Table 2-3.

4-0 — | Reserved, should be cleared.
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Table 7-8lists the values for the five least significartstf the interrupt vector. The vector numbers
shown assume PIV[R/]=0b010. If another value d?IVR[IV] is used, the gctor numbers would change
accordingly.

Table 7-8. MCF5272 Interrupt Vector Table

Vector Number Bits 4-0 Source Function
64 00000 Reserved User Spurious Interrupt
65 00001 INT1 External Interrupt Input 1
66 00010 INT2 External Interrupt Input 2
67 00011 INT3 External Interrupt Input 3
68 00100 INT4 External Interrupt Input 4
69 00101 TMRO Timer 0
70 00110 TMR1 Timer 1
71 00111 TMR2 Timer 2
72 01000 TMR3 Timer 3
73 01001 UART1 UART 1
74 01010 UART2 UART 2
75 01011 PLIP PLIC 2KHz Periodic
76 01100 PLIA PLIC Asynchronous
77 01101 USBO USB Endpoint 0
78 01110 USB1 USB Endpoint 1
79 01111 uUsB2 USB Endpoint 2
80 10000 USB3 USB Endpoint 3
81 10001 USB4 USB Endpoint 4
82 10010 USB5 USB Endpoint 5
83 10011 USB6 USB Endpoint 6
84 10100 USB7 USB Endpoint 7
85 10101 DMA DMA Controller
86 10110 ERx Ethernet Receiver
87 10111 ETx Ethernet Transmitter
88 11000 ENTC Ethernet Module Non-time-critical
89 11001 QSPI Queued Serial Peripheral Interface
90 11010 INT5 External Interrupt Input 5
91 11011 INT6 External Interrupt Input 6
92 11100 SWTO Software Watchdog Timer Timeout
93 11101 Reserved Reserved
94 11110 Reserved Reserved
95 11111 Reserved Reserved
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Chapter 8
Chip Select Module

This chapter describes the chip seimodule, including the chip selaegisters, theonfiguration and
behavior of the chip select signadsid the global chipelect functions.

8.1 Overview

The chip select module provides user-programmableaaftthe eight chip select and four byte strobe
outputs. This subsection describes the operatiopaygtamming model of the chip select registers,
including the chip seledtase and option registers.

8.1.1 Features

The following list summarizethe key chip select features:
» Eight dedicated progmmable chip selects
* Address masking for memory bloskzes from 4 Kbytes to 2 Gbytes
* Programmable wait states and port sizes
* Programmable address setup
* Programmable address ddbr read and write
« SDRAM controller interfice supported with C&SDCS
* Global chip select functionality

8.1.2 Chip Select Usage

Each of the eight chip selects, GES7, is configurable for extern&RAM, ROM, and pepherals. CS0
is used to access external boot ROM and is enaliiedaafeset. The data bwgdth of the external ROM
must be configured at redsy having appropriate pull-downgistors on QSPI_CLK/BUSW1 and
QSPI_CS0/BUSWO. At resetdbe two signals replace thes width field in the chigelect 0 base register
(CSBRO[BW]).

CS7must be used for enabling an external SDRAMyarin this mode, it is referred to as SDCS

NOTE

A detailed description of each bascess type supported by the MCF5272
device is given irChapter 20, “Bus Operatidh
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8.1.3 Boot CSO Operation

CSO0is enabled after reset and is used t@ssb®oot ROM. The memory port width of GS@efined by
the state of QSPI_CLK/BUSW1 ai@SPI_CS0/BUSWO. These two bitsosild be configured to define
the width of the boot ROM connected to C&6 described iBection 19.18, “Operating Mode

Configuration Ping

8.2  Chip Select Registers

Each chip select is controlledttugh two 32-bit registers. The chipeset base registers (CSBR0O-CSBR?7)

are used to enable the chip select and to comfithe base address, podesibus interface type, and

address space. The chip selectaptegisters (CSOR0-C3TJ) are used to comgjure the address mask,

additional setup/hold, extended burst caliigbivait statesand read/write access.
Table 8-1. CSCR and CSOR Values after Reset

Offset | Name Chip Select Register Reset
+ 0x040 | CSBRO | CS base register O 0x0000_0x011
+ 0x044 | CSORO | CS option register O OxFFFF_F078
+ 0x048 | CSBR1 | CS base register 1 0x0000_1300
+ 0x04C | CSORL1 | CS option register 1 OxFFFF_F078
+ 0x050 | CSBR2 | CS base register 2 0x0000_2300
+ 0x054 | CSOR2 | CS option register 2 OxFFFF_F078
+ 0x058 | CSBR3 | CS base register 3 0x0000_3300
+ 0x05C | CSOR3 | CS option register 3 OxFFFF_F078
+ 0x060 | CSBR4 | CS base register 4 0x0000_4300
+ 0x064 | CSOR4 | CS option register 4 OxFFFF_F078
+ 0x068 | CSBR5 | CS base register 5 0x0000_5300
+ 0x06C | CSOR5 | CS option register 5 OxXFFFF_F078
+ 0x070 | CSBR6 | CS base register 6 0x0000_6300
+ 0x074 | CSORG6 | CS option register 6 OxFFFF_F078
+ 0x078 | CSBR7 | CS base register 7 0x0000_7700
+ 0x07C | CSOR7 | CS option register 7 OxFFFF_F078

1 The nibble shown as x resets as 00xx, where the undefined bits represent the
BW field. QSPI_CS0/BUSWO0 and QSPI_CLK/BUSW1 program the bus width
for CSO at reset
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8.2.1 Chip Select Base Registers (CSBR0-CSBR?7)

The CSBRsFigure 8-1 provide a model internal bus cycle agaimkich to match actual bus cycles to
determine whether a specifibip select should asseftbus cycle in a specific ghselect register causes
the assertion of the corresponding external chip select.

31 211 10 9 8 7 6 5 4 2 1 0
Field BA ‘ EBI ‘ BW |SUPER| T | ™ ‘CTM‘ENABLE
Reset CSBRO: 0x0000_0x01%; CSBR1: 0x0000_1300; CSBR2: 0x0000_2300; CSBR3: 0x0000_3300;

CSBR4: 0x0000_4300; CSBR5: 0x0000_5300; CSBR6: 0x0000_6300; CSBR7: 0x0000_7700
RIW RIW
Addr 0x040 (CSBRO); 0x048 (CSBR1); 0x050 (CSBR2); 0x058 (CSBR3);

0x060 (CSBR4); 0x068 (CSBRS5); 0x070 (CSBR6); 0x078 (CSBRY7)
Figure 8-1. Chip Select Base Registers (CSBRn)

Table 8-2describes CSBiRfields.
Table 8-2. CSBRn Field Descriptions

Bits Name Description

31-12 BA Base address. The starting address of the memory space covered by the chip select. BA is compared with
bits 31-12 of the access to determine whether the current bus cycle is intended for this chip select. Any
combination of BA bits can be masked in the associated CSOR.

11-10 EBI External bus interface modes. These modes are used to multiplex outputs and determine timing of the

appropriate bus interface module onto the device pins.

00 16-/32-bit SRAM/ROM. For 16-/32-bit wide memory devices with byte strobe inputs. CSBRO[EBI] = 00
at reset. Affects all chip selects.

01 SDRAM. One physical bank of SDRAM consisting of 16—256 Mbit devices. CSOR7[WS] must be set
to Ox1F. Affects only CS7/SDCS.

10 Reserved

11 Use SRAM/ROM timing for 8-bit devices without byte strobe inputs.

9-8 BW Bus width. Determines data bus size of the memory-mapped resource for all chip selects except CSO. It
is assumed that boot code for the processor is accessed through the global chip select CS0, so the initial
bus width for this chip select must be configured at reset. QSPI_CS0/BUSWO0 and QSPI_CLK/BUSW1 are
used to program the bus width for CSO at reset.

00 Longword (32 bits)

01 Byte (8 bits)

10 Word (16 bits)

11 Cache line (32 bits)

7 SUPER | Supervisor mode.

0 Bus cycle may be in user or supervisor mode (neglecting conditions imposed by setting CTM).

1 The chip select asserts a match only if the transfer modifier indicates a supervisor mode access. A user
access matching BA causes an access error.

SUPER, CTM, TT, and TM are used to restrict bus access. For example, if TT and TM indicate a user data

access and SUPER and CTM are both set, no accesses can occur.

6-5 TT Transfer type. TT and TM may be used to further qualify the address match. If CTM is set, TT and TM must
match the access types for the chip select to assert. See the description of TM.
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Table 8-2. CSBRn Field Descriptions (continued)

Bits Name Description

4-2 ™ Transfer modifier. Operates with TT to determine the access type.
1T ™ Function
0x 000 Reserved
0x 001 User data access
0x 010 User instruction access
0x 011-100 Reserved
0x 101 Supervisor data access
0x 110 Supervisor instruction access
0x 111 Reserved
10 000-100 Reserved
10 101 Emulator mode data access
10 110 Emulator mode instruction access
10 111 Reserved
11 000 CPU space access
11 001 Interrupt acknowledge level 1
11 010 Interrupt acknowledge level 2
11 011 Interrupt acknowledge level 3
11 100 Interrupt acknowledge level 4
11 101 Interrupt acknowledge level 5
11 110 Interrupt acknowledge level 6
11 111 Interrupt acknowledge level 7

1 CT™M Compare TM. Enables comparison between the access type and the TM and TT bits.
0 TT and TM register bits do not affect address match.
1 TT and TM register bits must match the access type for an address match to occur.
0 ENABLE |Enable. Disables/enables the chip select. When disabled, the chip select is never asserted, regardless of

the address on the internal bus. ENABLE is O at reset, except CS0 which is 1.
0 Chip select is disabled, no matches can occur and chip select output cannot assert.
1 Chip select is enabled, bus cycles are compared against register contents.

Table 8-3describes the interaction between C8EBI], OE/RD, R/W and SDWE
Table 8-3. Output Read/Write Strobe Levels versus Chip Select EBI Code

EBI EBI Function Access Type OE/RD R/W SDWE

00 SRAM, ROM Write High Low High
Read Low High High

01 SDRAM Write High High Low
Read High High High

11 SRAM, ROM Write High Low High
Read Low High High

NOTE

The MCF5272 compares the address for the current bus transfer with the
address and mask bits in the CSBahd CSORs looking for a match. The
priority is listed inTable 8-4(from highest priority to lowest priority):
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Table 8-4. Chip Select Memory Address Decoding Priority

Priority Chip Select

Highest Chip select 0

Chip select 1

Chip select 2

Chip select 3

Chip select 4

Chip select 5

Chip select 6

Lowest Chip select 7

8.2.2 Chip Select Option Registers (CSOR0-CSORY7)

CSORO-CSORTigure 8-2 are used to configutbe address mask, additidsatup/hold, extended burst
capability, wait statesand read/write access.

31 12 11 10 9 8 7 6 2 1 0
Field BAM |ASET‘WRAH|RDAH|EXTBURST‘ _ ‘ ws ‘ RW | MRW
Reset OxFFFF_FO078
RIW RIW
Addr 0x044 (CSORO); 0x04C (CSORL); 0x054 (CSOR2); 0x05C (CSOR3);

0x064 (CSOR4); 0x06C (CSORS5); 0x074 (CSORS); 0x07C (CSOR?)

Figure 8-2. Chip Select Option Registers (CSORnN)

Table 8-5describes CSOffields.
Table 8-5. CSORN Field Descriptions

Name Name Description

31-12 BAM Address mask. Masks equivalent CSOR[BA] bits. The BAM setting chooses which BA bits to compare
with the corresponding address bit to determine a match.

0 Mask address bit

1 Compare address bit

11 ASET Address setup enable. Controls assertion of chip select with respect to assertion of a valid address that

hits in the chip select address space.

0 Assert chip select on the rising edge of CLK that address is asserted.

1 Delay assertion of chip select for one CLK cycle after address is asserted. During write transfers,
both chip select and R/W are delayed by 1 clock cycle.

R/W asserts 1 clock cycle after assertion of the chip select.

10 WRAH Controls the address, data, and attribute hold time after the termination, internal or external with TA, of

a write cycle that hits in the chip select address space.

0 Do not hold address, data, and attribute signals an extra cycle after chip select and R/W negate on
writes.

1 Hold address, data, and attribute signals an extra cycle after CSx and R/W negate on writes.
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Table 8-5. CSORnN Field Descriptions (continued)

Name Name Description

9 RDAH Controls the address and attribute hold time after the termination, internal or external with TA, of a read
cycle that hits in the chip select address space.
0 Do not hold address and attribute signals an extra cycle after chip select negates on reads.
1 Hold address and attribute signals an extra cycle after chip select negate on reads.

8 EXTBURST |Enable extended burst. Valid only for CS7. Reserved bit for CS[0:5]. EXTBURST should be 1 when
external SDRAM is configured for a data bus narrower than the width programmed for the MCF5272.
EBI must be set for SDRAM and the BW must be set to the data bus width of the external SDRAM array.
Example: If the MCF5272 external physical data bus width is 32 or 16 bits but the external SDRAM is
16 bits wide, EXTBURST must be set and BW must be 10 (word) for SDCS.
0 Extended bursts are not enabled.
1 Extended bursts are enabled.

7 — Reserved, should be cleared.

6-2 WS Wait state generator. Specifies the number of wait states (in system clocks) needed before the SIM

generates an internal transfer acknowledge signal to terminate the access.
0x00 No wait states
0x01 1 wait state
Ox1E 30 wait states
Ox1F External access
For example, WS = 0x0A introduces a 10-clock wait before the bus cycle terminates; Ox1F indicates a
source external to the chip select module terminates the access.
For SRAM and ROM accesses EBI codes 00 or 11 and WS = 0x1F, TA must be driven from an external
source to terminate the bus cycle, otherwise the on-chip bus timeout monitor issues a bus error
exception.
For SRAM and ROM accesses with EBI = 00 or 11 and WS = 0x00—0x1E, the chip select module
terminates the bus cycle after the programmed number of system clocks.
For SDRAM accesses with SDCS, EBI = 01, and WS = Ox1F, bus cycles are terminated under control
of the SDRAM controller.
The CSORO[WS] reset default is Ox1E. The default for all other CSORs is 0x00.
Caution: Never drive TA as an input to terminate SDRAM peripheral accesses.

1 RW RW and MRW determine whether the selected memory region is read only or write only.
0 Read only
1 Write only

0 MRW MRW must be set for value of RW be taken into consideration.
0 Memory covered by chip select is read/write. The memory covered by the chip select is neither read

nor write protected.
1 RW determines whether memory covered by chip select is read only or write only. A conflict causes
either a read or write protect violation.
MCF5272 ColdFire® Integrated Microprocessor User’s Manual, Rev. 3
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Chapter 9
SDRAM Controller

This chapter describes configucet and operation of the synchronddRAM controller component of
the SIM including a general description of sigriaimlved in SDRAM operationdt provides interface
information for memory configuratns using most common SDRAM degs for both 16- and 32-bit wide
data buses. The chapter concligath signal timing diagrams.

9.1 Overview

The MCF5272 incorporates an SDRAM contegllwhose main feates are as follows:

* Glueless interface to a varieay JEDEC-compliant SDRAM devices.
» MCF5272 data bus width of 16 or Bits to SDRAM memory array
» 16- to 256-Mbit device support

» Dedicated bank address pingtovide pin out compatibility fodifferent SDRAM sizes with a
single printed circuit board layout

» Page size from 256-1024 column address locations

* 6-1-1-1 timing for burst-read; B-1-1 timing for burst-write aceses (assuming a page hit at 66
MHz)

» CAS latencies of 1 and 2

» Up to four concurrently activated banks

 SDRAM power down and self refresh

» Refresh timer prescaler suppasistem clock down to 5 MHz nméiaining a 15.6-uS refresh cycle

* Auto initialization of SDRAM

9.2 SDRAM Controller Signals

The SDRAM controller provides all required sitgéor glueless interfacing to a variety of
JEDEC-compliant SDRAM devices. RAS/CA8diess multiplexingrad the SDRAM pin A10
auto-precharge function software configurable fadifferent page sizes. To nméain refresh capability
without conflicting with concurrent aesses on the address and data buses, RS0 SDWE,
SDBA[0:1], SDCLKE, A10_PRECHG, and the SDRIbank selects are dedicated SDRAM signals.

Figure 9-1shows the SDRAM contrdl signal configuration.
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SDRAM Controller S —
——» SDRAMCS/CS7

—» RASO

—» CASO

—» SDWE
= BS[3:0]
> SDBA[LO]
——» SDCLKE
——» SDCLK
—— A10_PRECHG

P R P NAR PR R

Address Multiplexer

Internal 32-Bit Address Bus ———»~ 8 — A[22:15]

10 —— A[11:2)/SDA[9:0]
2 —— A[14:13/SDA[12:11]

Dynamic Bus Sizer
32 — D[31:0]

Figure 9-1. SDRAM Controller Signals

Table 9-1describes SDRAM controller signals.

Table 9-1. SDRAM Controller Signal Descriptions

Signal Description
A10_PRECHG A10 precharge strobe. A precharge cycle occurs only after a page miss. During precharge, the SDRAM
writes the designated on-chip RAM page buffer back into the SDRAM array. Precharge latency is set
in SDTR[RP]. The reset value is 2 cycles, RP = 01.
BS[3:0] For SDRAM devices, these outputs should be connected to individual DQM signals. During SDRAM
accesses, these signals indicate a byte transfer between SDRAM and the MCF5272 when asserted.
Note that most SDRAMSs associate DQM3 with the MSB, in which case BS3 should be connected to
the SDRAM's DQM3 input, and so forth.
CASO SDRAM column address strobe output
DRESETEN DRESETEN is asserted to indicate that the SDRAM controller is to be reset whenever RSTI asserts. If
DRESETEN is negated, RSTI does not affect the SDRAM controller, which continues to refresh
external memory. This is useful for debug situations where a reset of the device is required without
losing data located in SDRAM. DRESETEN is normally tied high or low depending on system
requirements. It should never be tied to RSTI or RSTO.
RASO SDRAM row address strobe output
SDA[13:0})/ Fourteen address signals are multiplexed to form SDRAM_ADR[13:0], which are used for connecting
A[22:0] to SDRAM devices as large as 256 Mbits. SDRAM can be configured for 16- or 32-bit wide interface to
the MCF5272 data bus. For an SDRAM array with a 32-bit data bus, SDRAM address signals are
multiplexed starting with A2. For a 16-bit data bus, address signals are multiplexed starting with A1.
SDBA[1:0] SDRAM controller bank address select outputs. Assigned to internal high-order address signals by

programming SDCR[BALOC]. This allows using SDRAM devices of different sizes without changing
the board layout. See Table 9-7.
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Table 9-1. SDRAM Controller Signal Descriptions (continued)

Signal Description

SDCLK SDRAM (bus) clock (same frequency as CPU clock). This dedicated output reduces setup and hold
time uncertainty due to process and temperature variations. SDCLK is disabled for SDRAM
power-down mode.

SDCLKE SDRAM clock enable
SDRAMCS/CS7 SDRAM chip select/CS7. The SDRAM is assigned to CS7 (SDRAMCS) of the device chip select
module.
SDWE SDRAM write enable

Figure 9-2is the pinout of a 16-bit SDRW in a 54-pin TSOP (tin, small-outline packge) package. Size
can vary from 16—256 Mbits.

r——— - - - - - - - - - - - — — _ ______________ 1
| 64 Mbit |
r—— - - - - - - - - - - - -"--"-" - - - - — — — T
| | 128 Mbit | |
| | Ir ________ 256 Mbit jl | |

\_/

' vob ! vpbb | VDD — 1 oD GND lonp |
| L 54 || |
DQO |  DQO | DQO — 5 — DQ15 | DQ15 | DQ15
L 53 I
| vobb | vbD | VDD —— GND | GND__ | GND |
| ' | I— 3 52 I ' |
DQ1 | DQL | DQl 4 — DQ14 | DQ14 | DQ14
T L 51 [ | T
| DO2 | DQ2 | DQ2 —] — DQ13 | DQ13 | DQ13 |
| I L | 5 50 || l |
GND | GND | GND — ¢ 49 [}FYDD VDD | VDD
|__DQ3| DQ3 ., DQ3 | 5 —1DQ12 |, DQ12 | DQ12 |

' ' = 48 DO11 | DO11 ' DO11 |
| DQ4 | DQ4 i DQ4 | 8 47 [ Q i |
| VDD | VDD . VDD [ 4 —— GND __, GND | GND |
T f | 46 || f T
| DQ5 , DQ5 DQ5 — 1q — DQ10 . DQ10 , DQ10 |
J | L 45 I | T 1
| DQ6 ., DQ6 DQ6 — 14 — DQ9 DQ9 ., DQ9 |
| | L 44 | | | | !
| GND , GND GND — , 43 [1YDD VDD ., VDD |
I | L - | I 1
DQ7 DQ7 DQ7 — 13 — DQS8 DOS8 DOS8 ,
| | | L | 42 || | | |
VDD VDD VDD — — GND GND GND ,
| I | L | 14 41 || | I |
—DOUL DML DOML | 4 s NG NC__ N
RIW RIW RW — 1 — DOMH ' DOMH ' DOMH
| | L | 39 |7 | |
CAS CAs | tas — — cLKk | cLk CLK
| RAs | RAs | RAs — L 38 cke | cke | cke |
AS AS AS M1 18 37 [
| cs | cs | ©s — A2 lAa12 | a12 |
BAO | BAO | BAO — 20 g5 [JALL | A11 | A11
| |
| BAL | BA1 | BA1 — 2 aq [ A9 | A9 | A9 |
A10 | Al10 | Al0 1 22 33 [ ] A8 | A8 | A8
| A0 | A0 | A0 | o3 3 1A | A7 | A7 |
| Al | Al | AL — o4 31 [ 126 | A6 | A6 |
| A2 | A2 | A2 — 55 30 125 | A5 |_AS |
| A3 | A3 | A3 —— A4 A A4 |
T T | 26 29 I U T 1
| VDD { VDD | VDD — 5 ,g [}GND | GND | GND |
Lo 1 ! N I I

Figure 9-2. 54-Pin TSOP SDRAM Pin Definition
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Table 9-2shows how BE:0] should be connected to DQNbr 16- and 32-bit SRAM configurations.
Table 9-2. Connecting BS[3:0] to DQMx

5272 SDRAM
Data Signals
16 Bit | 32 Bit | 16 Bit | 32 Bit (2 x 16) | 32 Bit (1 x 32)
BS3 BS3 | DQMH DQMH DQM3 D[31:24]
BS2 BS2 | DQML DQML DQM2 D[23:16]
NC BS1 NC DQMH DQM1 D[15:8]
NC BSO NC DQML DQMO D[7:0]

9.3 Interface to SDRAM Devices

The following tables describes @ilsie memory configurations ug most common SDRAM devices for
16- and 32-bit wide data buses.

Table 9-3. Configurations for 16-Bit Data Bus

8-Bit 16-Bit
Parameter
16 Mbits | 64 Mbits 16 Mbits 64 Mbits | 128 Mbits | 256 Mbits
Number of devices 2
Total size 4 Mbytes | 16 Mbytes | 2 Mbytes 8 Mbytes | 16 Mbytes | 32 Mbytes
Total page size 1 Kbyte 1 Kbyte | 512 Kbytes | 512 Kbytes | 1 Kbyte 1 Kbyte
Number of banks 2 4 2 4 4 4
Refresh count in 64 mS 4K 4K 4K 4K 4K 8K
Table 9-4. Configurations for 32-Bit Data Bus
8-Bit 16-Bit 32-Bit
Parameter
16 Mbits | 64Mbits | 16 Mbits | 64 Mbits | 128 Mbits | 256 Mbits | 64 Mbits | 128 Mbits
Number of devices 4 2 1
Total size 8 Mbytes | 32 Mbytes | 4 Mbytes | 16 Mbytes | 32 Mbytes | 64 Mbytes | 8 Mbytes | 16 Mbytes
Total page size 2 Kbytes | 2 Kbytes 1 Kbyte 1 Kbyte 2 Kbytes 2 Kbytes 1 Kbyte 1 Kbyte
Number of banks 2 4 2 4 4 4 4 4
Refresh count in 64 mS 4K 4K 4K 4K 4K 8K 4K 8K

A device’s data bus width affects itonnection to SDRAM address piAsdevice can be configured for
external data bus width of 16 or Bizs by appropriate configuratiai the WSEL signal during reset. See
Section 19.18, “Operating Mle Configuration PinsThe following tables describe address pin
connections and internal address multiplexing.
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Table 9-5. Internal Address Multiplexing (16-Bit Data Bus)

SDRAM Controller

8-Bit 16-Bit
Device Pin SDRAM Pin
16 Mbits 64 Mbits 16 Mbits 64 Mbits 128 Mbits 256 Mbits
Al A0 A1/A10 A1/A10 A1/A9 A1/A9 A1/A10 A1/A10
A2 Al A2/Al11 A2/Al11 A2/A10 A2/A10 A2/Al11 A2/Al11
A3 A2 A3/A12 A3/A12 A3/A1l A3/A11 A3/A12 A3/A12
A4 A3 A4/A13 A4/A13 A4/A12 A4/A12 A4/A13 A4/A13
A5 A4 A5/A14 A5/A14 A5/A13 A5/A13 A5/A14 A5/A14
A6 A5 A6/A15 A6/A15 A6/A14 A6/A14 A6/A15 A6/A15
A7 A6 A7/A16 A7/A16 A7/IA15 A7/A15 A7/A16 A7/A16
A8 A7 A8/AL17 A8/AL17 A8/A16 A8/A16 A8/AL17 A8/AL17
A9 A8 A9/A18 A9/A18 Al7 Al7 A9/A18 A9/A18
Al10 A9 Al9 Al9 Al8 Al8 Al19 Al9
A10_PRECHG A10/AP A20 A20 Al19 A19 A20 A20
Al2 All A21 A20 A21 A21
Al3 Al2 A22
SDBAO BAO A21 A22 A20 A21 A22 A23
SDBA1 BA1l A23 A22 A23 A24
Table 9-6. Internal Address Multiplexing (32-Bit Data Bus)
8-Bit 16-Bit 32-Bit
Device Pin SDRAM Pin
16 Mbits | 64 Mbits | 16 Mbits | 64 Mbits | 128 Mbits | 256 Mbits | 64 Mbits | 128 Mbits
A2 A0 A2/A11 | A2/A11 | A2/A10 | A2/A10 A2/A11 A2/A11 A2/A10 A2/A10
A3 Al A3/A12 | A3/A12 | A3/A11 | A3/All A3/A12 A3/A12 A3/A11 A3/A11
A4 A2 A4/A13 | A4/A13 | A4/A12 | A4/Al12 A4/A13 A4/A13 A4/A12 A4/A12
A5 A3 A5/A14 | A5/A14 | A5/A13 | A5/A13 A5/A14 A5/A14 A5/A13 A5/A13
A6 A4 A6/A15 | A6/A15 | A6/A14 | A6/Al4 A6/A15 A6/A15 A6/A14 A6/A14
A7 A5 A7/A16 | A7/A16 | A7/A15 | A7/Al15 A7/A16 A7/A16 A7/A15 A7/A15
A8 A6 A8/A17 | A8/Al7 | A8/A16 | A8/Al6 A8/A17 A8/AL17 A8/A16 A8/A16
A9 A7 A9/A18 | A9/A18 | A9/AL17 | A9/Al7 A9/A18 A9/A18 A9/AL17 A9/A17
Al10 A8 A10/A19 | A10/A19 Al8 Al8 A10/A19 A10/A19 Al8 Al8
All A9 A20 A20 Al9 Al9 A20 A20 Al9 Al9
Al10_PRECHG A10/AP A21 A21 A20 A20 A21 A21 A20 A20
Al3 All A22 A21 A22 A22 A21
Al4 Al2 A23
SDBAO BAO A22 A23 A21 A22 A23 A24 A21 A22
SDBA1 BAl A24 A23 A24 A25 A22 A23
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9.4 SDRAM Banks, Page Hits, and Page Misses

SDRAMs can have up to four iies addressed by SDBA1 and SDBABe two uppermost address lines
of the memory space are mapped to SDBA1 anBAD Specific address lines mapped depend on the
size of the SDRAM array and are defined in the SDCR.

Each of the four bank addi®registers holds the pagileess (lower bits of roaddress) o&n activated
page. Each bank can have one open page. A devicéwa banks can have two open pages. A device
with four banks can have four open pages.

The lower addresses of the row addrare compared against the pageesidregister coant. If it does
not match, the SDRAM controller precharges thengpege on the accessedkand activates the new
required page. After this, the SDRAM controller executegia® or WRITE command. Concurrently, the
page address register of the banipgated. This is called a page miss.

After a bank is activated, it remains activatexdil the next page access causing a page miss.
A precharge of a deactivated bank iswkd and simply ignored by the SDRAM.

If a memory access is tm open page only tlReAD or wRITE command is issued to the SDRAM. This is
called a page hit.

In two-page SDRAMSs, banks 2 ana@i@ invalid and must nbe addressed. To adaaddress aliasing, the
user should restrict the chip select addrrange to the space available in the SDRAMSs.

9.5 SDRAM Registers

The SDRAM configuration regist¢BDCR) and the SDRAMiing register (SDTR) are described in the
following sections. Note that SDRARrovides a mode registdrat is not part ofhe SDRAM controller
memory model. The SDRAM modegister is automaticallyonfigured duringnitialization.

9.5.1 SDRAM Configuration Register (SDCR)

SDCR is used to configure the SDRAM controllddeess multiplexers for ¢htype of SDRAM devices
used on the system board.

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

Write| — MCAS — BALOC GSL — REG| INV |SLEEP| ACT | INIT

Reset| 0 00 00 001 0 00 0 1 0 0 0
R/W Read/Write Read-only | R/W
Addr MBAR + 0x0182

Figure 9-3. SDRAM Configuration Register (SDCR)
Table 9-7describes SDCR fields.
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Table 9-7. SDCR Field Descriptions

Bits

Name

Description

15

Reserved, should be cleared.

14-13

MCAS

Maximum CAS address. Determines which device address output carries the column address msb. For
example, if the SDRAM device has eight column addresses and the data bus is configured for 32 bits, the
column address appears on A[9:2], so the maximum column address is A9. The Isb of the row address is
therefore taken from internal address signal A10 and is used by the SDRAM controller to control address
multiplexing.

00 A7

01 A8

10 A9

11 A10

12-11

Reserved, should be cleared.

10-8

BALOC

Bank address location. Determines the internal addresses that become SDRAM bank addresses.
SDBA1SDBAO

0OOOReserved

001A21A20

010A22A21

011A23A22

100A24A23

101A25A24

110Reserved

111Reserved

GSL

Go to sleep. Setting GSL powers down the SDRAM and puts it into auto-refresh mode.

Reserved, should be cleared.

REG

Register read data for 66 MHz. Writing a 1 to REG enables pipeline mode for read data access. It forces
the SDRAM controller to register the read data, adding one wait state to single-read accesses and to the
first word read during a burst. REG must be 1 for clock frequencies above 48 MHz to meet input setup timing
for data input (See electrical characteristics timing SD16). The description of INV shows how REG and INV
interact.

INV

Invert clock. Inverts SDRAM clock output for timing refinement.
IfREG=0

0 Do not add wait state for read accesses.

1 Shift SDCLK edge 180°

fREG=1

0 Add wait state for read accesses, all frequencies

1 Invalid, do not use.

SLEEP

SLEEP mode. This read-only status bit goes high when setting SDCR[GSL] has taken effect and the
SDRAM is powered down. SLEEP is cleared when SDRAM is in auto-refresh mode.

ACT

Active. This read-only status bit goes high when the SDRAM controller completes its initialization. ACT is
cleared by writing to SDCR.

INIT

Initialization enable. Setting INIT enables initialization of the SDRAM based on other SDCR bit values.
Initialization starts after the first dummy write access to the SDRAM. CSOR7, CSBR7, and SDTR must be
configured before setting INIT.

CAUTION: CSOR7[WAITST] must equal 0x1F when CS7/SDCS is configured for SDRAM.
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9.5.2 SDRAM Timing Register (SDTR)

The SDTR is used to configure BBM controller refresh counters ftre type of SDRAM devices used
and the number of clocks requirtent each type of SDRAM access.dheset value is 0x2115. For lower
CPU clock frequencies, precharge actlvate times can be reducecktioninate up to 2 clock cycles from
the read and write accesses. Consult the slaeets of the SDRAMSs being considered.

15 10 9 8 7 6 5 4 3 2 1 0
Write RTP RC — RP RCD CLT
Reset 0010_00 01 00 01 01 01
R/IW R/W
Addr MBAR + 0x0186

Figure 9-4. SDRAM Timing Register (SDTR)

Table 9-8describes SDTR fields.
Table 9-8. SDTR Field Descriptions

Bits Name Description

15-10 RTP | Refresh timer prescaler. Determines the number of clock cycles x 16 between refreshes. The following table
describes different recommended prescaler settings for different clock frequencies including a margin of 1.2
F5. Recommended values are as follows:

RTP 15.6 us = 1/f*RTP*16 System Clock
111101 61 66 MHz
101011 43 48 MHz
011101 29 33 MHz
010110 22 25 MHz
000100 4 5 MHz (emulator)
9-8 RC Refresh count. Indicates the number of clock cycles spent in refresh state (RC + 5). Refresh occurs during

the first of these clock cycles; the rest of the time is the delay that must occur before the SDRAM is ready
to do anything else.

00 5 cycles

01 6 cycles (default)

10 7 cycles

11 8 cycles

7-6 — Reserved, should be cleared.

5-4 RP Precharge time. Specifies number of clock cycles taken for a precharge (RP + 1).
00 1 cycle

01 2 cycles (default)

10 3 cycles

11 4 cycles
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Table 9-8. SDTR Field Descriptions (continued)

Bits Name Description

3-2 RCD | RAS-to-CAS delay. The reset value is 1, requiring 2 clock cycles for SDRAM activation.
00 1 cycle

01 2 cycles (default)

10 3 cycles

11 4 cycles

1-0 CLT | CAS latency. Specifies the delay programmed into the SDRAM mode register during initialization, indicating
the time between a READ command being issued to the SDRAM and data appearing on the pins. The
SDRAM controller uses this value to sequence its state machine during read operations. CLT cannot be
changed after the mode register is written.

00 Reserved

01 2-cycle CAS latency (default)

1x Reserved

9.6 Auto Initialization

Each SDRAM requires anitralization sequece before it can be accedséfter power up, the SDRAM
requires a certain time (100 puS) befdarean accept the first commandlbé initializationprocedure. After
this time, oONePRECHARGEALL command and eigiREFRESHcommands are requdeAfter initialization,
anINITIATE LOAD REGISTERSET command is executed, which writh® SDRAM configuration into the
SDRAM device mode register.

SDRAM mode register data is transferred on thdrass signals, so all SDRAdevices are configured
simultaneously.

Initialization is enabled by setting SDCR[INITh@ performing a dummy write to the SDRAM address
space. The SDRAM controller executes the requirECHARGEAaNdREFRESHCOMmMands and
automatically loads the mode registeghich configures the SDRAM as follows:

* SDRAM internal bursis always disabled.

» CAS latency is defined by SDTR[CLT].

SDCR[ACT] is set after initialization.

9.7 Power-Down and Self-Refresh

The SDRAM can be powered downdstting SDCR[GSL]. ThEDRAM controller executes the required
power-down command sequence to ensure seksiefduring power down. The SDRAM controller
completes the current memory access then autontatissiies the followingommands to force the
SDRAM into sleep mode:

precharge all banks
nop
auto refresh command

In self-refresh mode, SDRAM diees can refresh themselvedhvaut an external clock. After
power-down completes, SDCR[SLEEP] is set, the SDRAock output is drivernigh, and SDCLKE is
driven low.
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To wake up the SDRAMs, SDCR[GSL] must bearked. SDCR[SLEEP] remains set while the SDRAM
is exiting sleep mode and is cleakglden the SDRAM completes the careequence to exit sleep mode.

9.8

The maximum performance of the BBM controller is determined e required number of cycles for
page activation and precharge. The read accesffusnced by the CAS latency. All SDRAM accesses

are in page mode. The followingbta shows the number of requirect®s including all dead cycles for
each type of read/write SDRAM access. It assudefault timing configurain using an at least
PC100-compliant SDRAM device at 66 MHPage miss latency includeg ttycles to precharge the last
open page and activate the new pagire the read/write access. There are no precharge cycles when an
address hits an open page.

In Table 9-9 the timing configuration is RTP = 61, RC = negligible, RCD =0 (or 1), RP =1 (or 0), and
CLT = 1.

Table 9-9. SDRAM Controller Performance, 32-Bit Port, (RCD =0, RP=1)or (RCD =1, RP =0)

Performance

Number of System Clock Cycles
SDRAM Access
REG =0,INV=0 REG=1,INV=0

Single-beat read Page miss 8 9

Page hit 5 6
Single-beat write Page miss 6 6

Page hit 3 3
Burst read Page miss 8-1-1-1=11 9-1-1-1=12

Page hit 5-1-1-1=8 6-1-1-1=9
Burst write Page miss 6-1-1-1=9 6-1-1-1=9

Page hit 3-1-1-1=6 3-1-1-1=6

In Table 9-10 the timing configuration is RTP = 61, RGhegligible, RCD =0, RP =0, and CLT = 1.

Table 9-10. SDRAM Controller Performance, 32-Bit Port, (RCD =0, RP =0)

Number of System Clock Cycles
SDRAM Access
REG =0,INV=0 REG=1,INV=0

Single-beat read Page miss 7 8

Page hit 5 6
Single-beat write Page miss 5 5

Page hit 3 3
Burst read Page miss 7-1-1-1=10 8-1-1-1=11

Page hit 5-1-1-1=8 6-1-1-1=9
Burst write Page miss 5-1-1-1=8 5-1-1-1=8

Page hit 3-1-1-1=6 3-1-1-1=6
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In Table 9-11 the timing configuration is RTP = 61, RChegligible, RCD =1, RP =1, and CLT = 1.
Table 9-11. SDRAM Controller Performance (RCD = 1, RP = 1), 16-Bit Port

Number of System Clock Cycles
SDRAM Access
REG=0,INV=0 REG=1,INV=0
Single-beat read | Page miss 9 10
Page hit 5 6
Single-beat Page miss 9-1 10-1
longword read Page hit 5.1 6-1
Single-beat write | Page miss 7 7
Page hit 3 3
Single-beat Page miss 7-1 7-1
longword write Page hit 31 31
Burst read Page miss 9-1-1-1-1-1-1-1=16 |10-1-1-1-1-1-1-1 =17
Page hit 5-1-1-1-1-1-1-1 =12 |6-1-1-1-1-1-1-1 =13
Burst write Page miss 7-1-1-1-1-1-1-1 =14 |7-1-1-1-1-1-1-1 =14
Page hit 3-1-1-1-1-1-12-1=10 |3-1-1-1-1-1-1-1 =10

In Table 9-12 the timing configuration is RTP = 61, RC gtigible, RCD =0 (or 1), RP =1 (or 0), and
CLT =1.

Table 9-12. SDRAM Controller Performance, 16-Bit Port, (RCD=0, RP=1)
or (RCD=1, RP =0)

Number of System Clock Cycles
SDRAM Access
REG=0,INV=0 REG=1,INV=0

Single-beat read Page miss |8 9

Page hit 5 6
Single-beat longword read | Page miss |8-1 9-1

Page hit 5-1 6-1
Single-beat write Page miss |6 6

Page hit 3 3
Single-beat longword write | Page miss | 6-1 6-1

Page hit 3-1 3-1
Burst read Page miss |8-1-1-1-1-1-1-1 =15 |9-1-1-1-1-1-1-1 =16

Page hit 5-1-1-1-1-1-1-1 =12 |6-1-1-1-1-1-1-1 = 13
Burst write Page miss |6-1-1-1-1-1-1-1 =13 |6-1-1-1-1-1-1-1 =13

Page hit 3-1-1-1-1-1-1-1 =10 |3-1-1-1-1-1-1-1 =10
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In Table 9-13 the timing configuration is RTP = 61, Rthegligible, RCD =0, RP =0, and CLT = 1.
Table 9-13. SDRAM Controller Performance, 16-Bit Port, (RCD=0, RP=0)

Number of System Clock Cycles
SDRAM Access
REG=0,INV=0 REG=1,INV=0
Single-beat read | Page miss 7 8
Page hit 5 6
Single-beat Page miss 7-1 8-1
longword read -
Page hit 5-1 6-1
Single-beat write | Page miss 5 5
Page hit 3 3
Single-beat Page miss 5-1 5-1
longword write -
Page hit 3-1 3-1
Burst read Page miss 7-1-1-1-1-1-1-1=14 |8-1-1-1-1-1-1-1 =15
Page hit 5-1-1-1-1-1-1-1=12 |6-1-1-1-1-1-1-1 = 13
Burst write Page miss 5-1-1-1-1-1-1-1=12 |5-1-1-1-1-1-1-1 =12
Page hit 3-1-1-1-1-1-1-1=10 |3-1-1-1-1-1-1-1 =10

9.9  Solving Timing Issues with SDCRJ[INV]

When some SDRAM devices (such as 4 x 8 bit vVBEMRAMS) are used, the SDCLK and other control
signals are more loaded than data signalsormal MCF5272 operation, the iter data and all other
control signals change with the jtose edge of SDCLK. Large capaie# loads on SDCLK can cause long
delays on SDCLK, possibly causing BBM hold-time violations during vites. The clocknay arrive at
the same time as the write data.

The write data setup time to SDKledge may not meet diee requirements atéhlSDRAM. This timing
issue cannot be solved by reducing the SDCLK frequeSDCLK must be delayed further to meet
setup/hold margin on the SDRAMtdanput. Setting INV providea 180° phase shift and moves the
positive clock edge fabeyond the data edge.

Internal CLK  \

Data bus ><
—3»| |— Data setup delay

SDCLK 1

— External delay of SDCLK

Figure 9-5. Example Setup Time Violation on SDRAM Data Input during Write
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As Figure 9-6shows timing relationships tveeen SDCLK and the remaininigta and control signals can

be refined by setting SDGRIV], which inverts theSDRAM clock. SDCR[REG] mst always be cleared
when SDCR[INV] is set.

Internal CLK \ _—\—/—\—/—\—/—

Data bus ><

—» | Data setup delay
SDCLK /

— Shifted delay of SDCLK

Figure 9-6. Timing Refinement with Inverted SDCLK

NOTE

If the delay difference between the tsdtdata signal arilde slowest control
signal exceeds half of the clockaby time, the clock shift can cause
hold-time violations on control signals.

The incoming data setup time should be inspecteidglveads. The active cle@dge event of SDCLK
now precedes the MCF5272 internal eettlock edge event when (RE®@} This behaviois frequency
dependent. The two followg scenarios are possible:

* High-speed timing refinemenmtith true CAS latency. Sdegure 9-7
* Low-speed timing refinement witteduced effective CAS latency.

If the delay between shifted SDClafd following internal system clk@dge is shorter than the read
access time of the SDRAM, data is sampled with the true CAS latency.

CASL =2
Internal CLK —\—
SDCLK \
Data
— SDRAM read access time
—» — Delay SDCLK to CLK
— lg— Shifted delay of SDCLK

TSDCLK_IO_CLK - Tacc < 0 =>true CAS Iatency

Figure 9-7. Timing Refinement with True CAS Latency and Inverted SDCLK
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Selecting a system clock frequency low enoughttit@SDCLK-to-CLK delay is long compared to the
SDRAM read access time redu@dtective CAS latency by 1 cycle.

- CASL=1 >

Internal CLK \

SDCLK \ / \

Data

lg— Delay SDCLK to CLK

+—SDRAM read access time

Yy

l-— Shifted delay of SDCLK

TsDCLK_to_cLk - Tace > 0 => effective CAS latency reduced by 1
Figure 9-8. Timing Refinement with Effective CAS Latency

NOTE

When reduced effective CAS latgnis used, the SDRAM is still
programmed with true CAS latendyhe SDRAM controller state machine
must be reprogrammedrfthe reduced CAS latency. SDRAM initialization
software programs the CAS latencyénd transfers it into the SDRAM
mode register. After SDRAM initiadation is confirmd, initialization
software should change SDTR[CLD CAS latency 1 but should not
reinitialize the SDRAM. The SDRAMantroller state machine now runs
with CAS latency 1 an8DRAMSs run with CAS leency 2, which increases
bandwidth on the SDRAM bank and improves performance.

9.10 SDRAM Interface

Setting CSBR[EBI] to 0b01 enables chip select C®BT use with one physicalank of SDRAM. In this
case, CShecomes SDCShe SDRAM memory array may have a 82 16-bit data bus width; an 8-bit
width is not supported. An array gnaonsist of SDRAM devices witB, 16, or 32 bits data bus width.
Each SDRAM device can have from 16—-256 Mbits.

The interface to the SDRAM devicissglueless. The following contreignals are dedicated to SDRAM:
SDCS SDWE A10_PRECHG, SDCLK, SDCLKE, RASCASQ and SDBA[1:0].

If SDRAM EBI mode is used, CSOR7[WAITST] shdude programmed for Ox1F to ensure that the
internal bus cycle termination signal is sourcenfithe SDRAM controllerrad not the chip select
module.
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NOTE

The SDRAM shares address and daggals with external memory and
peripherals. Due to stringent SDRAtiWhing requirements, it is strongly
recommended to buffer the addresselsttobe, and dabaises between the
MCF5272 and non-SDRAM memory andipderals. Never buffer signals
to the SDRAMS. See Appendix C for details on how to buffer external
memory and peripherals in a system using SDRAM.

The controller allows single-beat readAsraccesses and the following burst accesses:

* 16-byte cache line read bursts fromt32wide SDRAM withaccess times of1-1-1. The value
of n depends on read, write, page miss, page hit;Tée enable extended bursts bit in chip select
option register 7 (CSOR7[EXTBURY) must be cleay CSBR7[EBI] musbe set for SDRAM,
and CSBR7[BW] must be set for a 16-byte cache line width.

* 16-byte cache line read bursts from 16viide SDRAM with access times pf1-1-1-1-1-1-1.
CSOR7[EXTBURST] must be set, CSBR7[EBI] stbe set for SDRAM, and CSBR7[BW] must
be set for 16 bits.

* 16-byte read or write bursts diug Ethernet DMA transfers tafm SDRAM with access times of
n-1-1-1 orn-1-1-1-1-1-1-1 depending on 32 or 16 bit SDRAM port width as described in the
previous two paragraphs.

These SDRAM accesses are showRigure 9-SthroughFigure 9-15 The SDRAM supports a
low-power, self-refreshingleep mode as shownhingure 9-14andFigure 9-151t is also possible to turn
off the SDRAM controller completely using thewer management contregister in the SIM.

Figures show burst read abdrst writes, with a page B8 and a page Hdr each case. A single-cycle read
or write is identical to the firsiccess of a burst. In moal operation the SDRAMaontroller refreshes the
SDRAM.

As these examples show, SDCLKEB@mally high and SDCLK is alwaytive. SDCLKE can be forced
to 0 and SDCLK can be shut off by putting the SDRé&datroller into power dow or self-refresh mode.

9.10.1 SDRAM Read Accesses

The read exampleBjgure 9-9andFigure 9-10 show a CAS latency of 2, SDCR[REG] =0 and
SDCR[INV] = 1.

In T1, the ColdFire core issues thddress. This cycle is internalttee device and alwaysccurs. In T2,
the SDRAM controller determines if there is a pagssnor hit. This cycle is internal to the device and
always occurs.

Becausd-igure 9-9shows a page miss, thReCHARGEcommand (T3) and the following cycle occur.
During precharge the SDRAM writes the designatedhip RAM page buffer back into the SDRAM
array. The number of cycles fopaecharge is set by programming SORR]. The default after reset is
two cycles. The activate new page eyttiat follows (T5) isequired to open a nepage due to the page
miss. Cycle T6 is a waitate for SDRAM activation comand. It is added due ¢iefault value of 0b01 in
SDTR[RCD]. For lower clock speeystems the RCD value could beatten as 00 and this clock cycle
can be removed. Consult the data sheéthe SDRAM devices being used.
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Figure 9-9. SDRAM Burst Read, 32-Bit Port, Page Miss, Access
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Figure 9-10shows a similar burst readathhits the page. As in thage-miss example, the SDRAM
controller takes a clock cycle (T2) to determine whethe access is a hit or a miss. Because it is a hit,
the burst operation follows immediately.

TO T1 T2 T3 T4 T5 T6 T7 T8 T9
SDCLK

CF2 Core Page

Issue . 1 3
Hit or Read Read
Addrless Miss? ‘ 5 ‘ 4
1 | |
SDCLKE
SDADRJ[13:0] Col >< Col >< Col >< Col

A10_PRECHG

SDBA[1:0] Bank

NN Ny X X

:
SN N

D[31:0] < Data >< Data >< Data >< Data >—
| |

Figure 9-10. SDRAM Burst Read, 32-Bit Port, Page Hit, Access = 5-1-1-1

BS[3:0]
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9.10.2 SDRAM Write Accesses

Like the read operations, shownRigure 9-9andFigure 9-10 the write operations require one cycle to

issue the address (T1) and another (T2) to determirether the access is page hit or miss. In the
burst-write, page-miss example, showrrigure 9-11 after the SDRAM determindkat this is a page

miss (T2), the precharge gbége (T3) and activate wepage cycles (T5) are required. Cycle T6 is a wait

state for SDRAM activation command as it ig=igure 9-9

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
SDCLK

CF2 Core Page Precharge

T -
s U XX XX XX
moerecis | N\ | / X row X\ \\ /
SDBA[L:0] XoaoX  KeayX X Banky ><:
s L/ L N\ /
o NIV SON I \
= /1 X007 T N\ /
AL N\ /47T NN /
oo /1Y T N\ /
- } } CYEY €V Cye

Figure 9-11. SDRAM Burst Write, 32-Bit Port, Page Miss, Access = 7-1-1-1
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In the burst-write, page-hit example, showrrigure 9-12 after the SDRAM controller determines that
the access is a page hit in T2 thurst transfer begins in T3.

SDCLK

CF2 Core
Issue

Address ’
| 1 ’ | 1

SDCLKE

SDADRI[13:0]

I
X X e X e X

A10_PRECHG

SDBA[1:0] Bank

BS[3:0]

X
\
X
\
o /
\
\
\

T T

D[31:0] < Data >< Data >< Data >< Data >—
| | | I

Figure 9-12. SDRAM Burst Write, 32-Bit Port, Page Hit, Access = 3-1-1-1
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9.10.3 SDRAM Refresh Timing

Figure 9-13shows refresh-@je timing. As inFigure 9-14 during aPRECHARGEALL command (T1), the
SDRAM writes all of its on-chip RM page buffers into the SDRAM @ay. SDTR[RP] determines the
number of dead cycles after a precharge. Note thiaegesh occurs during T3. In refresh state, SDRAM
cannot accept any other command.

TO T1 T2 T3 T4 T5 T6 T7 T8 ‘ T9
SPeLe /_\_/_\_//_\4/_\_//_\_//_\_/_\_/_\_/_\_/_\_
Precharge Auto Next Command
NOP
All Banks Refresh
- |

tre

SbcLke  (H)

SDADR][13:0]

A10_PRECHG /

SDBA[1:0]

/ 1\

NN

/

Figure 9-13. SDRAM Refresh Cycle
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Figure 9-14shows the timing for entering HAM self-refresh mode. DuringRRECHARGEALL command

(T1), the SDRAM writes all of its on-chip RAM pagaffers back into the SDRAM array. The SDTR[RP]

value determines the number of dead cycles afpeeeharge. Note that auto refresh occurs in T3.
SDTR[RC] determines the numberabdck cycles the SDRAM remainstiefresh state, ding which time

it cannot accept other com

Internal C|OCKM

mands.

AVAVAVAVAVAVAVAVAVAVAY

/\

TO T1 T2 T3 T4 15 T6 T7 T8 T9 T10 T11 T12 Ti3
SVAVAVAVAVAY
Prechar Self
All BanIgSeNOP Ref(reesh
SDCR[SLEEP] /
SDCLKE \
SDADR[13:0] X
A10_PRECHG /
SDBA[1:0] X
SDCS \ /
RASO \ /_ \
CASO / \
SDWE \ /
Figure 9-14. Enter SDRAM Self-Refresh Mode
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Figure 9-15shows the timing for exiting SDRAM self-refile mode. Note that SDCR[GSL] is sampled
on the rising edge of the internabck. If it is 0, as it is here, SDRAcontroller signals become active on
the following negative clock edge.

Internal Clock _/_\ \—/_Eu/_\_j/_\—J/_\—j/_\—j/_'}/_\—//_\_

T0 T2 T3 T4 T5 T7 T8

S ERVAVAVANVAVAVAVA

NOP NOP NOP NOP NOP NOP NOP

SDCR[GSL] \

SDCR[SLEEP] \

SDCLKE /

SDADR[13:0]

A10_PRECHG /

SDBA[1:0]

~.

NS

<

.
\
L

Figure 9-15. Exit SDRAM Self-Refresh Mode
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Chapter 10
DMA Controller

The MCF5272 has a one-channel DM@ntroller that supports memorg-memory DMA transfers that
can be used for block dataoves. This chapter describes itaildts signals, registers, and operating

modes.

10.1 DMA Data Transfer Types

A source and destination address must be speéifieahy dual-address DMAdnsfer. These addresses
can have different data transfgpes, but there is always a reaonfrthe source address followed by a
write to the destination address. On the MCF52@drces and destinations can be SDRAM, external
SRAM, or on-chip peripheral in any combination.

Memory-to-memory DMA transfers run é@mpletion if the assume request
bit in the system configuration regst SCR[AR], is set. This generally
prevents the CPU from recognizindarrupts and blocks bus accesses by
other on-chip bus masters. It is best to enable SCR[AR] when the DMA
controller is in use. When AR = the DMA controller allows the CPU and

NOTE

Ethernet controller to obtain bus access.

Table 10-1. DMA Data Transfer Matrix

Source or Destination Address

Transfer Type
SDRAM | External SRAM | On-Chip Peripheral
Byte (8 bits) Yes Yes Yes
Word (16 bits) Yes Yes Yes
Longword (32 bits) Yes Yes Yes
Burst (4 x longword) Yes No No

Note that transfers to on-chip panerals are limited by thieansfer type supported byspecific peripheral.
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10.2 DMA Address Modes

The DMA address mode determines how the address dutghe channel is updated after a transfer to
be ready for the next transfer.&two following modes are supported:

» Static address mode—The address remains unetafter the transfer completes. This mode
should be used when the souocalestination address is tRéFO data port of an on-chip
peripheral.

* Increment address mode—In incremb address mode, the addressésemented at the end of the
transfer by the number of byteanisferred. This mode should bedsvhen a source or destination
address is in external memory.

10.3 DMA Controller Registers

The MCF5272 DMA controller supports a siedPMA channel which can be used for
memory-to-memory transfers.

10.3.1 DMA Mode Register (DMR)

The DMR controls various operatiorontes, principally the request aaddressing modes. Fields include
the transfer size and modifier, transfirection, channel enable and reset.

31 30 29 20 19 18 17 16
Field RESET‘ EN ‘ — RQM —
Reset 0000_0000_0000_0000
RIW RIW
15 14 13 12 10 8 7 5 2 1 0
Field] — DSTM DSTT DSTS — SRCM SRCT SRCS
Reset| 0 01 1.00 01 0 1 1 01 01
RIW RIW
Addr MBAR + OX00EO

Figure 10-1. DMA Mode Register (DMR)

Table 10-2describes DMR fields.

Table 10-2. DMR Field Descriptions

Bits Name Description

31 RESET | Reset. Writing a 1 to this location causes the DMA controller to reset to a condition where no transfers are
taking place. EN is cleared, preventing new transfers.

30 EN Enable. Controls whether the DMA channel is enabled to perform transfers.

0 DMA transfers are disabled.

1 DMA transfers are enabled. The DMA controller can respond to requests from the peripheral or generates
internal requests in dual address mode, so long as the conditions described under the DMA interrupt
flags (see Section 10.3.2, “DMA Interrupt Register (DIR)”) do not prevent transfers from going ahead.

29-20 — Reserved, should be cleared.
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Table 10-2. DMR Field Descriptions (continued)

Bits Name Description
19-18 RQM | Request mode. Determines the request mode of the channel. This must be 11.
00-10 Reserved, do not use.
11 Dual address request mode. Both the DMA source and DMA destination are memory addresses. The
MCF5272 supports only dual-address request mode.
17-15 — Reserved, should be cleared.
14-13 | DSTM | Destination addressing mode for the channel.
00 Static address mode
01 Increment address mode
1x Reserved, do not use.
12-10 DSTT |Destination addressing type. Used internal to the MCF5272 to qualify the address bits. This value should
be compatible with the CSCRn[TM] value used for external RAM or peripheral device access.
000 Reserved
001 User data access
010 User code access
011-100 Reserved
101 Supervisor data access
110 Supervisor code access
111 Reserved
9-8 DSTS | Destination data transfer type. The DMA controller buffers data from the source address data fetches until
there are enough bytes to perform a destination data write of the size programmed in these bits. Thus it is
possible to configure source accesses to be byte type and destination addresses to be line burst type. In
this case 16 individual byte reads are performed followed by an indivisible burst write of four longwords.
Longword or line bursts are the most efficient data transfers.
DSTS Data Transfer Type Address Incremented by
00 Longword 4
01 Byte 1
10 Word 2
11 16-byte line burst 16. Valid only for SDRAM.
7 — Reserved, should be cleared.
— Reserved, should be cleared.
5 SRCM | Source addressing mode of the channel.
0 Static address mode
1 Increment address mode
4-2 SRCT | Source addressing type. Used internal to the MCF5272 to qualify the address bits. The value should be

compatible with the CSCRn[TM] value used for external RAM or peripheral device access.
000 Reserved

001 User data access

010 User code access

011 Reserved

100 Reserved

101 Supervisor data access

110 Supervisor code access

111 Reserved
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Table 10-2. DMR Field Descriptions (continued)

Bits Name Description

1-0 SRCS | Source data transfer type. Determines the amount of data the DMA controller fetches and buffers data from
the source address. When there are enough bytes to perform a destination data write of the size

programmed in DSTS, the data is written to the destination address. Thus source accesses can be
longword type and destination addresses can be line burst type. In this case, 4 longword reads are

performed followed by an indivisible burst write of 4 longwords.
The most efficient data transfer method is to use longword or line burst transfer types.

SRCS Data Transfer Type Address Incremented by
00 Longword 4
01 Byte 1
10 Word 2
11 16-byte line burst 16. Valid only for SDRAM.

10.3.2 DMA Interrupt Register (DIR)

The DIR,Figure 10-2 contains status bits ancethcorresponding interrupt enables.

15 13 12 11 10 9 8 7 5 4 3 2 1 0
Field —_ |INVEN‘ASCEN‘ _ ‘TEEN‘TCEN‘ — ‘ INV ‘ASC| _ ‘ TE ‘ TC
Reset 0000_0000_0000_0000
RIW RIW
Addr MBAR + OX00E6

Figure 10-2. DMA Interrupt Register (DIR)

Table 10-3describes DIR fields.
Table 10-3. DIR Field Descriptions

Bits Name Description
15-13 — Reserved, should be cleared.
12 INVEN | Invalid combination interrupt enable.

0 INV interrupt is disabled.
1 INV interrupt is enabled.

11 ASCEN | Address sequence complete interrupt enable.
0 ASC interrupt is disabled.
1 ASC interrupt is enabled.

10 — Reserved, should be cleared.

9 TEEN | Transfer error interrupt enable.
0 TE interrupt is disabled.
1 TE interrupt is enabled.

8 TCEN | Transfer complete interrupt enable.
0 TC interrupt is disabled.
1 TC interrupt is enabled.

7-5 — Reserved, should be cleared.
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Table 10-3. DIR Field Descriptions (continued)

Bits Name Description
4 INV Invalid combination.

0 No invalid combination detected.

1 An invalid combination of request and address modes is programmed into the mode register. INV
remains set until it is cleared by writing a 1 to it or by a hardware reset. Writing a 0 has no effect. No
further transfers can take place when this bit is set.

3 ASC | Address sequence complete.

0 Address sequence is not complete.

1 The address sequence is complete. This occurs when the byte counter decrements to 0. Corresponds
to DMA complete. ASC remains set until it is cleared by writing a 1 to its location or by a hardware reset.
Writing a 0 has no effect. No further transfers can take place when ASC is set. It is important to ensure
that the combination of source address, destination address, and transfer sizes ensures that the byte
counter always decrements to 0.

2 — Reserved, should be cleared.
1 TE Transfer error.

0 No transfer error.

1 A DMA data transfer terminated with an error such as an internally generated bus error. This generally
occurs when the address is not decoded successfully by an on-chip peripheral or by a chip select
register. TE remains set until it is cleared by writing a 1 to its location or by a hardware reset. Writing 0
has no effect. No further transfers can take place when TE is set.

0 TC Transfer complete.

1 A data transfer completed successful. The bit is cleared when DMA module is reset. Writing a 0 to this
location has no effect. This bit is available to show that the DMA transfers have started. Otherwise it is
not essential to monitor the status of this bit.

10.3.3 DMA Source Address Register (DSAR)

The DSAR provides a 32-bit address, which the DMAtooller drives onto the internal address bus for

all of the channel’s read accesses. The addressigaitered after each read access according to the
addressing mode.

Field
Reset
R/IW
Addr

31

SRCADR

0000_0000_0000_0000_0000_0000_0000_0000

R/W

MBAR + OxO0EC

Figure 10-3. DMA Source Address Register (DSAR)
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10.3.4 DMA Destination Address Register (DDAR)

The DDAR provides a 32-bit addressitthe DMA controlledrives onto the internal address bus for all
of the channel’s write accesseseTdddress is altered after each evatcess according tioe addressing
mode.

31 0
Field DESTADR
Reset 0000_0000_0000_0000_0000_0000_0000_0000
RIW RIW
Addr MBAR + 0XO0F0

Figure 10-4. DMA Destination Address Register (DDAR)

10.3.5 DMA Byte Count Register (DBCR)

The DBCR is initially loaded witlthe number of bytes to be tsdarred during the DMA. After each
transfer, the DBCR decrements by the number of bsdaasferred. DIR[ASC] iset when the byte counter
reaches zero. The user musseme that the bytes remaniito be transferred andethransfer size are such
that the byte counter decrements to zeravi@ps around without setting the ASC flag.

31 24 23 0
Field — BYTCNT
Reset R/W
RIW 0000_0000_0000_0000_0000_0000_0000_0000
Addr MBAR + 0x00E8

Figure 10-5. DMA Byte Count Register (DBCR)
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Chapter 11
Ethernet Module

This chapter begins with a feature-set overviefunational block diagramand transceiver connection
information for both MIl and seven-wire seriaterfaces. The chapteorcludes with detailed
descriptions of operaticand the programming model.

11.1 Overview

The MCF5272's integrated fast Ethet media access controller (MA@erforms the full set of IEEE
802.3/Ethernet CSMA/CD media accessittol and channel interface furans. It requires an external
interface adaptor and tramseer function to complete the interface to the media.

11.1.1 Features

The fast Ethernet controller (FE@)orporates the following features:

Full compliance with the IEEE 802.3 standard

Support for three different physical interfaces:

— 100 Mbps 802.3 media independent interface (Mll)

— 10 Mbps 802.3 Ml

— 10 Mbps seven-wire interface

Half-duplex 100-Mbps operation system clock frequency S 50 MHz

448 bytes total on-chip transnaibd receive FIFO memory support a range of bus latencies
Note: the total FIFO size is 448 bytes. It is mdénded to hold entire frames but only to
compensate for external busdacy. The FIFO can be paitihed on any 32-bit boundary between
receive and transmit, for examp82 x 56 receive and 32 x 56 transmit.

Retransmission from transmit FIFQlfwing a collision, no processor bus used

Automatic internal flushing of threceive FIFO for runts and dslbns with no processor bus use

11.2 Module Operation

The FEC is implemented using a candiion of hardware and microcodegure 11-1shows a functional
block diagram of this module.
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A
Random No.
/ »  Slot Time
and Defer
Control Counter
Registers
i Clock «— RCLK
Peripheral Bus Y Generator TOLK
A
Y Y Internal Clocks
REJECT ——>»
Rstrt <€«— Receiver Rx Tx Transmitter ——— RTS = TENA
Control Data Data Control _
CD=RENA — > Unit FIFO FIFO Unit €——— CD=RENA
CTS=CLSN — > «——— CTS = CLSN
RXD —— | Shifter Shifter —— > TXD

Figure 11-1. Ethernet Block Diagram

Figure 11-2shows a fast Ethernet module.

Internal Bus Interface

Y

Dedicated DMA/

Bus o ;
Controller > RAM FIFO Descriptor Access
Controller
A
|
RAM I/F
Descriptor
Controller
CSRs Mil Receive Transmit
E_RxCLK E TXCLK
E_RxDV E_TXEN
E_MDC E_RxD[3:0] E_TxD[3:0]
E_MDIO E_RxER E_TXER
E_CRS,E_COL

Figure 11-2. Fast Ethernet Module Block Diagram
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The descriptor controller opensdacloses the buffer descriptors.eTRMA controller manages the data
transfer. As soon as the DMA channel is initializetdegins transferring daté&n on-board RAM acts as
both a transmit and receive FIFO, ansbgbrovides scratch memory for the FEC.

The RAM is the focal point of all daflow in the FEC. The RAM is dided into three sections: transmit
FIFO, receive FIFO, and descriptamtroller memory. User data flows or from the DMA unit from or
to the receive/transmit FIFOs. Transmit data flinem the transmit FIFO intthe transmit block. Receive
data flows from the receive block into the receive FIFO.

The user controls the FEC by writingo control registers located @ach block. The control and status
registers (CSRs) provide global canit(for example, Ethernet resmtd enable) and interrupt handling.
The MII block provides a serial chanrer the FEC and external physidayer device to pass control and
status information.

The descriptor controller managesaitiow in both transmit and receide@ections. It is programmed with
microcode to open and clobaffer descriptors, control the transmodilision recovery prcess, and filter
received frame addresses.

The descriptor controller acces$®gh the transmit and receive deptor rings through the descriptor
access block. The descriptor accbkck acts as a dedicated singfi@annel DMA that either reads a
descriptor in external user mery or writes an updated degator back into user memory.

11.3 Transceiver Connection

The FEC supports both an Mll interéafor 10/100 Mbps Ethernet and ase-wire serial interface for 10
Mbps Ethernet. The interface mode is selebie®CR[MII_MODE]. In MIl mode, the 802.3 standard
defines and the FEC module suppd@ssignals. These are showrilable 11-1

Table 11-1. MIl Mode

Signal Description MCF5272 Pin
Transmit clock E_TxCLK
Transmit enable E_TxEN
Transmit data E_TxD[3:0]
Transmit error E_TXER
Collision E COL
Carrier sense E_CRS
Receive clock E_RxCLK
Receive enable E_RxDV
Receive data E_RxD[3:0]
Receive error E_RxER
Management channel clock E_MDC
Management channel serial data E_MDIO
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The serial mode interface operates in whaeiserally referred to as AMD mode. The MCF5272
configuration for seven-wire satimode connections to the extal transceiver are shownTable 11-2

Table 11-2. Seven-Wire Mode Configuration

Signal Description MCF5272 Pin
Transmit clock E_TxCLK
Transmit enable E_TxEN
Transmit data E_TxD[0]
Collision E COL
Receive clock E_RxCLK
Receive enable E_RxDV
Receive data E_RxD[0]
Unused, configure as PB14 E_RxER
Unused input, tie to ground E_CRS
Unused, configure as PB[13:11] E_RxD[3:1]
Unused output, ignore E_TxER
Unused, configure as PB[10:8] E_TxDI[3:1]
Unused, configure as PB15 E MDC
Input after reset, connect to ground E_MDIO
11.4 FEC Frame Transmission
Figure 11-3shows the Ethernet frame format.
- Stored in Receive Buffef—————————— >~
«——— Stored in Transmit Buffer—»{
preampie| SgriFame Desiaton Sewce | e o | pacy "Lmne e
gth | Sequence
7 Bytes 1 Byte 6 Bytes 6 Bytes 2 Bytes 46-1500 Bytes 4 Bytes

NOTE: Short Tx frames are padded automatically by the MCF5272

Figure 11-3. Ethernet Frame Format

The Ethernet transmitter is desigin® work with almost no host intervention. As soon as the driver
enables the FEC transmitter by setting ECR[ETHER] and TDAR[24], the FEC fetches the first
transmit buffer descriptor (TxBD). If the user l@aBame ready to transmit, DMA of the transmit data
buffer(s) begins immediately. A c@lon window (512 bits) of transmitata is sent as a DMA to the
transmit FIFO before ofthip transmission begins.

When the transmit FIFO contains 512 bits of ddite,FEC asserts E_ TxEM@ starts transmitting the
preamble sequence, the starfraime delimiter, and then the framaalaHowever, if the line is busy, the
controller defers the transmissiorafder sense is active). Beforamsmitting, the controller waits for
carrier sense to become inactive. When carrier senseamgeive, the controller waits to verify that it
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stays inactive for 60 bit times.d4b, the transmission begins after wagjtan additional 36it times (96 bit
times after carrier sense originally went inactive).

If a collision occurs during theansmit frame, the FEC follows tlspecified backoff procedures and
attempts to retransmit the frame iutite retry limit is reached. The [Estores the first 64 bytes of the
transmit frame in internal RAM, gbey need not be retrieved fronmssym memory in case of a collision.
This improves external bus use aaduces latency whenever the ba€kobcess results in an immediate
retransmission.

See Figure 11-28 on page 11-37 for the following dismn. When the end of the last transmit buffer in
the current frame is reached, the 32-bit framecklsum is appended {ikBD[TC] is set) and
transmission is disabled (E_TxE#&Inegated). Following the tramsssion of the check sum, the FEC
writes the frame status bits intaethuffer descriptor andedrs the ready bit. Whehe end of the current
BD is reached but it is mohe last buffer in the frame, then omihe ready bit is cleared. Short frames are
automatically padded by the transmit logic.

If the transmit frame length exceeds the value @iogned in the maximum frame length register, the
BABT interrupt is asserted. However, the entreame is transmittednal is not truncated. See
Section 11.5.14, “Maximum FraerLength Register (MFLR)

Both buffer and frame interruptsay be generated as determibgdhe EIMR register settings.

Setting the graceful transmit stop bit, TCR[GT{&uses transmission. TREC transmitter stops
immediately if no transmission is progress. Otherwise it continugansmission untithe current frame
finishes normally or termates with a collision. When TRJGTS] is cleared, the FEC resumes
transmission with the next frame.

The FEC transmits bytes Isb first.

11.4.1 FEC Frame Reception

The FEC receiver is designed tonkavith almost no intervention froitihe host and can perform address
recognition, CRC, shortdme checking, and maximum frame length checking.

When the FEC receiver is enabled by setting EETR{ER _EN] and RDAR[24it immediately starts
processing receive frameéReceived frame procesgj proceeds as follows:

* When E_RxDV asserts, the receiver first chdoks valid header comprised of a preamble and
start-of-frame delimiter (PA/SDF).

» If the PA/SFD is valid, it is stripped off andetirame processed further by the receiver. If a valid
PA/SFD is not found, the frame is ignored.

* In serial mode, the first 16 bit times of BxDO following assertion of E_RxDV (RENA) are
ignored.

» After the first 16 bit times, the das@quence is checked for alternating 1/0.

» If a 11 or 00 data sequencadestected during bit times 17 24, the remainder of the frame is
ignored.

» After bit time 21, the data sequence is monitdogdh valid start-of-framelelimiter (SFD) of 11.
If a 00 is detected, the framerggected. When a 11 is detectdte PA/SFD sequence is complete.
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* In MIl mode, the receiver checksr at least one byte matching the SFD. Zero or more PA bytes
may occur, but if a 00 bit sequence is detebiefdre the SFD byte, the frame is ignored.

» After the first 8 bytes of thedme have been passedtte receive FIFO, the FEC performs address
recognition on the frame.

As soon as a collision window (512 hitf data is received, and if addis recognition has not rejected the
frame, the FEC starts transferring the incoming &amthe receive buffer descriptor’s (RxBD’s)
associated data buffer. If the framea runt (due to collision) as rejected by address recognition, no
receive buffers are filledhus, no collision frames are presentethuser except late collisions, which
indicate serious LAN problems. When the datddyufias been filled, the FEC clears RxBD[E] and
generates an RXB interrupt (if RB\Es asserted in EIMR registetj.the incoming frame exceeds the
length of the data buffer, the FEC fetches the RxBD in the table and, if it is empty, continues
transferring the rest of the frame to this BD’s associated data buffer.

The RxBD length is determined in the R_BUFF_Sk&tue in the EMRBR register. The user should
program R_BUFF_SIZE to be adst 128 bytes. R_BUFF_SIZE mustduad-word (16-byte) aligned.

During reception, the FEC checks for a frame thaitleetoo short or toaohg. When the frame ends
(carrier sense is negl), the receive CRC field is checked andtem to the data buffer. The data length
written to the last BD in the Ethernet frame is thegté of the entire frame. Frames shorter than 64 bytes
are discarded automaticallyith no system bus impact.

When the receive frame is complete, the FEC seBDRY, writes the other frame status bits into the
RxBD and clears RxBD[E]. The FEC next genesatenaskable interrupt (EIR[RFINT], maskable by
EIMR[RFIEN)]), indicating that a framhas been received and is in memory. The FEC then waits for a new
frame. The FEC receives serial data Isb first.

11.4.2 CAM Interface

In addition to the FEC address ogaition logic, an external CAM maye used for frame reject with no
additional pins other than those in the Ml interfatieis CAM interface is docuemted in an application

note titled “Using Freescdé-ast Static RAM CAMs with the MBEB60T’s Media Independent Interface,”
located at the following URLhttp://www.freescale.com

11.4.3 Ethernet Address Recognition
The FEC filters the received frames based on thedf/gestination mediacaess controller address
(hardware address). There are thdestination address (DA) types:
* Individual (unicast)
* Group (multicast)
» Broadcast (all-ones group address)
The difference between an individual address agibap address is determined by the 1/G bit in the

destination address field. A flowatt for address recognition on regsil frames is illustrated in
Figure 11-4and summarized imable 11-3
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Table 11-3. Ethernet Address Recognition

Ethernet Module

Destination .
Address Type FEC Address Processing
individual The FEC compares the destination address field of the received frame with the 48-bit MAC address
programmed into MALR and MAUR.
group The FEC determines whether or not the group address is a broadcast address. If not broadcast, a hash table
lookup is performed using the 64-entry hash table defined in HTLR and HTUR.
broadcast The frame is accepted unconditionally.

In promiscuous mode (PROM = 1RCR), the FEC received af the incoming frames regardless of their
address. In this mode, the tieation address lookup is still germed and RxBD[MISS] is set

accordingly. If address cegnition did not achieve a match, the feaim received with RxBD[MISS] set.

If address recognition achieves a matchfthme is received withut setting RxBD[MISS].

( Check Address )

I/G Address
?

Broadcast
Address
?

Y

Receive Frame False

Y

False

Receive Frame

Y

Perfect Match
?

Promiscuous True (RCR[PROM] = 1)

Y

Receive Frame

Mode
?

False
(RCR[PROM] = 0)

Receive Frame
Set Miss Bit

Discard Frame

Figure 11-4. Ethernet Address Recognition Flowchart
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11.4.4 Hash Table Algorithm

The hash table process used ia gnoup hash filtering operatesfadows. When a frame with the
destination address I/G bit set is received by th€,Fke 48-bit destinatiomedia access control (MAC)
address is mapped into one of 6Ad)iwhich are represented by 64 bitsred in HTLR and HTUR. This
is performed by passing the 48-BIAC address through the on-chip BR-CRC generator and selecting
6 bits of the CRC-encoded resuligenerate a number beten 0 and 63. Bit 31 of¢hCRC result selects
HTUR (bit 31 = 1) or HTLR (bit 31 = 0). Bits 30-26 thie CRC result select the bit within the selected
register. If the CRC generatselects a bit that is set in the hadfi@athe frame is accepted; otherwise, it
is rejected. The result is that if eight group @&ddes are stored in the hash table and random group
addresses are received, the hable prevents roughly 56/64 (or 87.58bthe group address frames from
reaching memory. Those that do reascemory must be further filterday the processor to determine if
they truly contain one of eheight preferred addresses.

The effectiveness of the hash table desins the number of addresses increases.
The hash table registers must be initialized leyuber. The CRC32 polynomial to use in computing the
hash is as follows:

X324 X264+ X234 X22 + X16 4 X12 £ X 11 4 X10 £ X8 + X7 +X5 +X4 +X2 +X +1

11.45 Interpacket Gap Time

The minimum interpacket gap time for back-to-b&rekismission is 96 bit times. After completing a
transmission or after the backoffyatithm completes, the transmitter waits for carrier sense to negate
before starting its interpacket gap time counteante transmission may begin 96 bit times after carrier
sense is negated if it stays negated for at leastt @dnieis. If carrier sense sexrts during the last 36 bit
times, it is ignored and a collision will occur.

The receiver receives back-to-bdickmes separated by at least 28 bit sniean interpacket gap between
receive frames is less than 28times, the following frame may be discarded by the receiver.

11.4.6 Collision Handling

If a collision occurs during transmission, the FEC rws transmitting for deéast 32 bit times, sending
a JAM pattern of 32 ones. The JAdattern follows the preamble sequeriicthe collison occurs during
preamble.

If a collision occurs within 64 byte times, the ygrocess is initiated. Theansmitter waits a random
number of slot times. A slot time is 512 bit tisndf a collision occurs after 64 byte times, no
retransmission is performed an@ tbnd-of-frame buffer is closed with an LC error indication.

11.4.7 Internal and External Loopback

Both internal and external loopback are supportethey-EC. In loopback mode, both of the FIFOs are
used and the FEC actually operatea full-duplex fashion. Both internal and external loopback are
configured using combinations of RCR[LOOP].

For internal loopback, set LOOP and clear DRTT¥EN and E_TXER cannot assert during internal
loopback.

For external loopback, clear LOOP, set DRT, aodfigure the external transceiver for loopback.
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11.4.8

The FEC reports frame reception and transmissiom eoralitions through the buffer descriptors and the

EIR register.

11.48.1

Ethernet Module

Ethernet Error-Handling Procedure

Transmission Errors

Transmission errors are definedTiable 11-4

Table 11-4. Transmission Errors

Error

Description

Transmitter
Underrun

The FEC sends 32 bits that ensure a CRC error and stops transmitting. All remaining buffers for that frame
are then flushed and closed, with the UN bit set in the last TxBD for that frame. The FEC continues to the
next TxBD and begins transmitting the next frame.

Carrier Sense
Lostduring Frame
Transmission

When this error occurs and no collision is detected in the frame, the FEC sets the CSL bit in the last TxBD
for this frame. The frame is sent normally. No retries are performed as a result of this error. The CSL bit is
not set if TCR[FDEN] = 1, regardless of the state of CRS.

Retransmission
Attempts Limit
Expired

When this error occurs, the FEC terminates transmission. All remaining buffers for that frame are then
flushed and closed, with the RL bit set in the last TxBD for that frame. The FEC then continues to the next
TxBD and begins sending the next frame.

Late Collisiont

The FEC stops sending. All remaining buffers for that frame are then flushed and closed, with the LC bit set

in the last TxBD for that frame. The FEC then continues to the next TxBD and begins sending the next frame.

Heartbeat

Some transceivers have a self-test feature called heartbeat or signal-quality error. To signify a good self-test,
the transceiver indicates a collision within 20 clocks after the FEC sends a frame. This heartbeat condition
does not imply a real collision, but that the transceiver seems to be functioning properly.

If TCR[HBC] is set and the heartbeat condition is not detected by the FEC after a frame transmission, then
a heartbeat error occurs. When this error occurs, the FEC closes the buffer, sets the HB bit in the Tx BD,
and generates the HBERR interrupt if it is enabled.

1 The definition of what constitutes a late collision is hard-wired in the FEC.

11.4.8.2

Reception Errors

Table 11-5describes reception errors.

Table 11-5. Reception Errors

Error

Description

Overrun Error

The FEC maintains an internal FIFO for receiving data. If a receiver FIFO overrun occurs, the FEC closes the
buffer and sets RxBD[OV].

Non-Octet Error
(Dribbling Bits)

The FEC handles up to seven dribbling bits when the receive frame terminates non-octet aligned and it checks
the CRC of the frame on the last octet boundary. If there is a CRC error, the frame non-octet aligned (NO)
error is reported in the RxBD. If there is no CRC error, no error is reported.

CRC Error

When a CRC error occurs with no dribbling bits, the FEC closes the buffer and sets RxBD[CR]. CRC checking
cannot be disabled, but the CRC error can be ignored if checking is not required.

Frame Length
Violation

When the receive frame length exceeds R_HASH[MAX_FRAME_LENGTH], EIR[BABR] is set indicating
babbling receive error, and the LG bit in the end of frame RxBD is set.
Note: Receive frames exceeding 2047 bytes are truncated.
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11.5 Programming Model
This section gives an overview of the regist followed by a desqtion of the buffers.

The FEC is programmed by a combination of contratilst registers (CSRs) and buffer descriptors. The
CSRs are used for modertrol and to extract globatatus information. The daggtors are used to pass
data buffers and related buffer infortioa between the hardware and software.

Table 11-6shows the FEC register memanmap with each register addresame, and a brief description.

Table 11-6. FEC Register Memory Map

Offset Name Width Description

0x840 |ECR 32 | Ethernet control register, [p. 11-11]

0x844 |EIR 32 | Interrupt event register, [p. 11-12]

0x848 |EIMR 32 | Interrupt mask register, [p. 11-13]

0x84C |IVSR 32 | Interrupt vector status register, [p. 11-14]
0x850 |RDAR 32 | Receive descriptor active register, [p. 11-15]
0x854 |TDAR 32 | Transmit descriptor active register, [p. 11-16]
0x880 | MMFR 32 | MIl management frame register, [p. 11-17]
0x884 |MSCR 32 | Ml speed control register, [p. 11-18]

0x8CC |FRBR 32 | FIFO receive bound register, [p. 11-19]
0x8D0 |FRSR 32 | FIFO receive start register, [p. 11-20]
OXx8EC |TFSR 32 | FIFO transmit start register, [p. 11-22]
Ox8E4 |TFWR 32 | Transmit FIFO watermark, [p. 11-21]

0x944 |RCR 32 | Receive control register, [p. 11-23]

0x948 |MFLR 32 | Maximum frame length register, [p. 11-24]
0x984 |TCR 32 | Transmit control register, [p. 11-25]

0xC00 | MALR 32 | Lower 32-bits of MAC address

0xC04 | MAUR 32 | Upper 16-bits of MAC address

0xC08 |HTUR 32 | Upper 32-bits of hash table, [p. 11-28]
0xCOC |HTLR 32 | Lower 32-bits of hash table, [p. 11-29]
0xC10 |ERDSR 32 | Pointer to receive descriptor ring, [p. 11-30]
0xC14 |ETDSR 32 | Pointer to transmit descriptor ring, [p. 11-31]
0xC18 |EMRBR 32 | Maximum receive buffer size, [p. 11-32]
0xC40- | EFIFO 32 |FIFO RAM space

OxDFF

The following sections desbe each register in detail.
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11.5.1 Ethernet Control Register (ECR)

The ECR registeFigure 11-5is used to enable/disable the FEGs Mvritten by the user and cleared at
system reset.

31 26 25 24 16
Field — | TXRT | —
Reset 0000_0000_0000_0000
R/W Read/write
15 2 1 0
Field — ETHER_EN | RESET
Reset 0000_0000_0000_0000
R/W Read/write
Addr MBAR + 0x840

Figure 11-5. Ethernet Control Register (ECR)

Table 11-7. ECR Field Descriptions

Bits Name Description
31-26 — Reserved, should be cleared.
25 TX_RT Transmit retime.

0 Normal operation, seven-wire serial mode.

1 The transmit output signals (E_TxDI[3:0], E_TxEN, and E_TxER) are delayed by one-half of a
E_TxCLK period. This bit should be set to provide compatibility with transceivers that have hold
time requirements that exceed the MII specification.

24-2 — Reserved, should be cleared.

1 ETHER_EN | Ethernet enable. When this bitis set, the FEC is enabled, and reception and transmission is possible.
When this bit is cleared, reception is immediately stopped and transmission is stopped after a bad
CRC is appended to any frame currently being transmitted. The buffer descriptor(s) for an aborted
transmit frame are not updated following deassertion of ETHER_EN. When ETHER_EN is
deasserted, the DMA, buffer descriptor, and FIFO control logic are reset, including FIFO pointers.

0 RESET Ethernet controller reset. When this bit is set, the equivalent of a hardware reset is performed but it
is local to the FEC. ETHER_EN is cleared and all other FEC registers take their reset values. Also,
any transmission/reception currently in progress is abruptly aborted. This bit is automatically cleared
by hardware once the reset sequence is complete (approximately 16 clock cycles after being set).
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11.5.2 Interrupt Event Register (EIR)

An event that sets a bit in EIR generates an inteiftipé corresponding bit in éhinterrupt mask register
(EIMR) is set. Bits in the interrugvent register are clearathen a one is writteto them. Writing a zero
has no effect.

31 30 29 28 27 26 25 24 23 22 21 20 16
Field HBERR‘BABR‘BABT‘GRA‘ TXF ‘ TXB ‘ RXF | RXB ‘ Ml |EBERR| UMINT| —_
Reset 0000_0000_0000_0000
R/W Read/write
15 0
Field —
Reset 0000_0000_0000_0000
R/W Read/write
Addr MBAR + 0x844

Figure 11-6. Interrupt Event Register (EIR)

Table 11-8. EIR Field Descriptions

Bits Name Description

31 HBERR |Heartbeat error. A heartbeat was not detected within the heartbeat window following a transmission.

30 BABR | Babbling receive error. A frame was received with length in excess of MAX_FL bytes.

29 BABT |Babbling transmit error. The transmitted frame length has exceeded MAX_FL bytes. This condition is
usually caused by a frame that is too long being placed into the transmit data buffer(s). Truncation does
not occur.

28 GRA Graceful stop complete. A graceful stop, which was initiated by setting X_CTRL[GTS], is now complete.
This bit is set as soon as the transmitter has finished transmitting any frame that was in progress when
GTS was set.

27 TXF Transmit frame interrupt. A frame has been transmitted and that the last corresponding buffer descriptor
has been updated.

26 TXB Transmit buffer interrupt. A transmit buffer descriptor has been updated.

25 RXF Receive frame interrupt. A frame has been received and the last corresponding buffer descriptor has
been updated.

24 RXB Receive buffer interrupt. A receive buffer descriptor has been updated.

23 Mil MIl interrupt. The MIl has completed the data transfer requested.

22 EBERR | FEC bus error. A bus error occurred when the FEC was accessing an internal bus.

21 UMINT | Unmasked interrupt status. An interrupt is currently being asserted to the interrupt controller. This bit is

not maskable.

20-0 — Reserved, should be cleared.
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11.5.3 Interrupt Mask Register (EIMR)

The EIMR register provides contraver which possible interrupt eveiie allowed to actually cause an
interrupt.This register is cleared upon a hardware reset.

31 30 29 28 27 26 25 24 23 22 21 16
Field | HBERR | BABR ‘ BABT | GRA ‘ TXF ‘ TXB ‘ RXF ‘ RXB ‘ Ml ‘ EBERR ‘ —
Reset 0000_0000_0000_0000
R/W Read/write
15 0
Field —
Reset 0000_0000_0000_0000
R/W Read/write
Addr MBAR + 0x848
Figure 11-7. Interrupt Mask Register (EIMR)
Table 11-9. EIMR Register Field Descriptions
Bits Name Description
31-22 See Interrupt mask. Each bit corresponds to an interrupt source defined by the EIR register. The
Figure 11-7 | corresponding EIMR bit determines whether an interrupt condition can generate an interrupt. At
every clock, the EIR samples the signal generated by the interrupting source. The corresponding
EIR bit reflects the state of the interrupt signal even if the corresponding EIMR bit is set.
0 The corresponding interrupt source is masked .
1 The corresponding interrupt source is not masked.
21-0 — Reserved, should be cleared.
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11.5.4 Interrupt Vector Status Register (IVSR)

The IVSR register gives status indting the class of interrupt beinggeated by the FEC. Interrupt level
control is provided in the interrupbntrol registers of the SIMBC.

31 16
Field —
Reset 0000_0000_0000_0000
R/W Read Only
15 4 3 2 1 0
Field — IVEC —
Reset 0000_0000_0000_0000
R/W Read Only
Addr MBAR + 0x84C
Figure 11-8. Interrupt Vector Status Register (IVSR)
Table 11-10. IVSR Field Descriptions
Bit Name Description
314 — Reserved, should be cleared.
3-2 IVEC Interrupt vector. IVEC gives the highest outstanding priority FEC interrupt. The bit field meanings (from
low priority to high priority) are as follows:
00 No pending FEC interrupt
01 Non-time critical interrupt (All interrupts except TXB, TXF, RXB, and RXF.)
10 Transmit interrupt
11 Receive interrupt
1-0 — Reserved, should be cleared.
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Buffering and Impedance Matching

OE

CSO0
CSs1
CS2
CS3

D31:D0

Signals

M CF5272

Cs7

74LVC245
R4 DIR
R1
R1
RA3 H EN
R1
R1
B[7:0]
RA3 [— A[7:0]
32 l
RAL
n
RA2
RA4 [—
SDRAM
R2

Signal = BS[3:0]
= Ax:A2 (32 hit bus)
= Ax:Al (16 bit bus)

RA1, RA2, RA3, ... = Resistor Arrays 10-75 ohms

R1, R2, ... = resistor 10-75 ohms
32
RA5 * * —~<
T T Py )52
> > > Pl
~ (o] [{e} o

— 11111

0d:1ed
0d:1ed
od:1ed
0a:ted

Flash Device || Device || Device

CSO CS1 CS2 CS3

Figure B-1. Buffering and Termination
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