MCF5407 ColdFire®
Integrated Microprocessor
User’s Manual

MCF5407UM/D
Rev. 0.1, 11/2001

““DigitalDNA 68KGIUFRE" (M) moToroLa

from Motorola @~ M'cRoFRocEssonms



ColdFire is a registered trademark and DigitalDNA is a trademark of Motorola, Inc.
I2C is a registered trademark of Philips Semiconductors

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty,
representation or guarantee regarding the suitability of its products for any particular purpose, nor does Motorola assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation
consequential or incidental damages. “Typical” parameters which may be provided in Motorola data sheets and/or specifications can
and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must
be validated for each customer application by customer's technical experts. Motorola does not convey any license under its patent
rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in systems
intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in
which the failure of the Motorola product could create a situation where personal injury or death may occur. Should Buyer purchase or
use Motorola products for any such unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers,
employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable
attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or
unauthorized use, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part. Motorola
and are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.

How to reach us:

USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; P.O. Box 5405, Denver, Colorado 80217. 1-303-675-2140
or 1-800-441-2447

JAPAN: Motorola Japan Ltd.; SPS, Technical Information Center, 3-20-1, Minami—Azabu. Minato—ku, Tokyo 106—-8573 Japan.
81-3-3440-3569

ASIA/PACIFIC: Motorola Semiconductors H.K. Ltd.; Silicon Harbour Centre, 2 Dai King Street, Tai Po Industrial Estate, Tai Po, N.T.,
Hong Kong. 852-26668334

Technical Information Center: 1-800-521-6274
HOME PAGE: http://www.motorola.com/semiconductors

Document Comments: FAX (512) 895-2638, Attn: TECD Applications Engineering

© Motorola Inc., 2001. All rights reserved.




Overview

Part I: MCF5407 Processor Core

ColdFire Core

Hardware Multiply/Accumulate (MAC) Unit
Local Memory

Debug Support

Part Il: System Integration Module (SIM)
SIM Overview

Phase-Locked Loop (PLL)

I°C Module

Interrupt Controller

Chip-Select Module
Synchronous/Asynchronous DRAM Controller Module
Part 1ll: Peripheral Module

DMA Controller Module

Timer Module

UART Modules

Parallel Port (General-Purpose 1/0)
Part IV: Hardware Interface
Mechanical Data

Signal Descriptions

Bus Operation

IEEE 1149.1 Test Access Port (JTAG)
Electrical Specifications

Appendix A: Migration

Appendix B: Memory Map

Glossary of Terms and Abbreviations
Index

I

Part |

Part I

o

o

Part 111

w

I

Part IV

N
(@]

@

> T I B e
ofjofNjo

L

O

IND




Part |

Part II

o

Y =

Part Il

N

w

= R B
N

ol

Part IV

[ecl NN Ne}

N
o

@)

o I B

L

@]

IND

Overview

Part I: MCF5407 Processor Core

ColdFire Core

Hardware Multiply/Accumulate (MAC) Unit
Local Memory

Debug Support

Part Il: System Integration Module (SIM)
SIM Overview

Phase-Locked Loop (PLL)

I°C Module
Interrupt Controller
Chip-Select Module

Synchronous/Asynchronous DRAM Controller Module

Part 11l: Peripheral Module

DMA Controller Module

Timer Module

UART Modules

Parallel Port (General-Purpose 1/0)
Part IV: Hardware Interface
Mechanical Data

Signal Descriptions

Bus Operation

IEEE 1149.1 Test Access Port (JTAG)
Electrical Specifications

Appendix A: Migration

Appendix B: Memory Map

Glossary of Terms and Abbreviations
Index



Paragraph
Number

11

1.2
121
1.3
131
1311
1.3.1.2
1.3.1.3
1314
1.3.2
1321
1322
1.3.3
1.3.4
135
1.3.6
1.3.7
1.3.8
1381
1.3.8.2
1.3.8.3
1384
1.3.85
1.3.9
1.3.10
1.4
141
1.4.2

CONTENTS

. Page
Title Number
Chapter 1
Overview

FRALUIES ...t 1-1
MCF5407 FEALUIES. ......ceveiiireiiireeeieee e 1-4

Process
ColdFire Module DeSCIIPLION ......cviiiiiieieisieise s 1-7
(OF0] [0 | =T =3 O] (TP 1-7
Instruction Fetch Pipeling (IFP).......c.cooviiiiiiiciccrcecee e 1-7
Operand Execution Pipeling (OEP) ......c..ccocviviiiiivniiniiniiisiesnsn s 1-8
MAC MOUUIE ..o 1-8
Integer Divide MOUIE.........c.coviiiiiiiic s 1-8
Harvard ArChitECIUNE .......ccooiiiiiiiicee e 1-8
16-Kbyte Instruction Cache/8-Kbyte Data Cache ..........ccccccoviieiniicinne. 1-9
Internal 2-Kbyte SRAMS .......cov i 1-9
DRAM CONIOIIET ... 1-9
(D11 N 0] g1 (0] 1 T PSSR RPRRRN 1-9
UART MOGUIES......coviiieieiiisieise e 1-10
TIMEr MOGUIE ... 1-11
12C MIOTUIE ... 1-11
SYSIEM INTEITACE ..o 1-11
External Bus INTEITACE .........ccoeiieiiiiiiiciee e 1-11
ChIP SEIBCES ...t 1-11
16-Bit Parallel Port INterface ..........ccooeeieiniiiiecesceee e 1-12
INEEITUPE CONEIOTIEN ... 1-12
JTAG . e re s 1-12
System Debug INErface.........ccoviviiiiiiiie s 1-12
PLL MOAUIE ... 1-13
Programming Model, Addressing Modes, and Instruction Set............cc.cco...... 1-13
Programming MOGEL ..........ccocviiiiiiiice e 1-15
USEE REGISTEIS ...ttt sttt 1-15

@ MOTOROLA Contents v



CONTENTS

Paragraph . Page

Number Title Number

1.4.3 SUPEIVISOr REGISEIS ...viuviveiiesieiiesie et e ettt ane s 1-16
1.4.4 INSEIUCTION SEL....viitiiiiici s 1-16

Part |
MCF5407 Processor Core
Chapter 2
ColdFire Core

2.1 Features and ENNGNCEMENTS.........courviviiiiiirieisreeee e 2-1
211 Clock-Multiplied Microprocessor COre.......cccuuviviiieseniesesiesesesesesesnans 2-2
212 ENhanced PIPeliNeS ........cocviiiiiiiiiisisesse s 2-2
2121 Instruction Fetch Pipeling (IFP).......ocoovovroireeeee e 2-4
21211 Branch ACCEIEration ...........cccoeiieiieniinee e 2-4
2122 Operand Execution Pipeling (OEP) .........ccocviiiiiniiniiniinisinsisescscsese s 2-4
21221 Illegal Opcode Handling.........ccovovveiieiceceeee s 2-5
21222 Hardware Multiply/Accumulate (MAC) Unit.........ccoovviviiviinniniiiiininannns 2-5
21223 Hardware Divide UNit.........cccoiiiiiiiiieeecee e 2-6
2123 Harvard Memory ArchiteCtUre ..........ocoovoeieereieneieneeee s 2-6
2.1.3 Debug Module ENhanCemMEeNtS ...........ccciviviiiiiiesese e se s sesnseanen 2-6
2.2 Programming MOGEL .........ooiiiiiiiiiieiisese e 2-7
221 User Programming MOel ...........covroiieiiicieseeseese e 2-8
2211 Data RegiSters (D0—D7) ....c.ccviviiiieiiisisise e e e se e e se e e sse e e snennens 2-8
2212 Address RegiSters (AD—AB) .........couuriiiiiiiiiiisisisisisese s 2-9
22.1.3 StaCK POINLEr (A7, SP) .ot 2-9
2214 Program COUNLEr (PC) ....uviviiiiiriiirse s et sna e e e e 2-9
2215 Condition Code RegiSter (CCR) .....voviiiiiiiinisisesese s 2-9
2.2.1.6 MAC Programming MOdel.........cccoooeiiiiiiireicecensee e 2-10
222 Supervisor Programming Model............ccoovviviiiiiiiiiiiiise s 2-10
2221 Status REGISEN (SR)...viiviiviiiiiiniisisisi sttt 2-11
2222 Vector Base Register (WVBR) ....coovvieiiicerceneese e 2-12
2223 Cache Control Register (CACR) ......ccviviiiiiiiisesese e se e se e e e 2-12
2224 Access Control Registers (ACRO—ACRS3)......cccccuiviiiiiiinininisesesesenes 2-12
2225 RAM Base Address Registers (RAMBARO and RAMBARLI) ................ 2-12
2226 Module Base Address Register (MBAR) ........cccovviviiiiiiivniiiinieseseseeeens 2-12
2.3 INteger Data FOIMALS........c.coviiieiiiiesice e 2-13
2.4 Organization of Data in REGISENS.......c..ccvreiriirerceree e 2-13
24.1 Organization of Integer Data Formats in RegiSters ..........ccocvvvveiviiviiviininannns 2-13
24.2 Organization of Integer Data Formats in Memory .........c.ccocvvviinvninninnnnnns 2-14
2.5 Addressing Mode SUMMATY ..o 2-15
2.6 INSEIUCLION SEt SUMMAIY .....iiiiiiiiiiciecieeie sttt ere s 2-15
26.1 Additions to the Instruction Set ArchiteCture ...........ccocevveriienciniinennn 2-18

vi MCF5407 User’s Manual M) moToroLA



CONTENTS

Paragraph . Page
Num%erp Title Numbger
2.6.2 INStrUCLION SEt SUMMAIY ...vivviviiiiciiciice st 2-19
2.7 EXECULION TIMINGS .o.viitiiiiieiiesie ettt 2-23
271 MOVE Instruction EXecution TiMiNg .......ccccccvveerrrieenieieneieneeseesee e 2-25
2.7.2 Execution Timings—One-Operand INStructions ..........c..coevevvivnvsivsnsnnnnnns 2-26
2.7.3 Execution Timings—Two-Operand INStrUCLIONS..........ccoovvvviinviininninnnninnns 2-27
274 Miscellaneous Instruction EXecution TIMES.......cccccvveiveiviiveesesesesesnannnns 2-29
275 Branch Instruction EXecution TiMeS ..........cccoerieniieniienciese e 2-30
2.8 Exception Processing OVEIVIEW .........cccuiiririnininenesesesiesesesesiesesesessens 2-31
28.1 Exception Stack Frame Definition...........ccocoovvoeiiieneinnirececece e 2-32
2.8.2 Processor EXCEPLIONS ......cviviiiiieie i sie e ste ettt ste e ae st 2-34
29 ColdFire Instruction Set Architecture Enhancements..........c.ccovereeenicnennne. 2-36
Chapter 3
Hardware Multiply/Accumulate (MAC) Unit
3.1 L@ TV 1= RSSO 3-1
3.1.0.1 MAC Programming MOGEL.........ccccviiviiiiiiiiiisiese s 3-2
3.1.0.2 General OPEratioN.........cuiiiiiiiisi e 3-3
3.1.03 MAC INStruction Set SUMMATY .........ceeiriirieiinrceeen e 3-4
3.1.04 Data REPreSENtAtiON.........ccviviiviiieiiee et se e se e se e e e e sneaneas 3-4
3.2 MAC Instruction EXeCUtioN TIMINGS.......ccuvurviininiineneneneneseseseseseseseseenns 3-5
Chapter 4
Local Memory
4.1 Interactions between Local Memory Modules ..o, 4-1
4.2 SRAM OVEIVIBW ...ttt se et et s s annas 4-1
4.3 SRAM OPEIALION ...ttt nne s 4-2
44 SRAM Programming MOGEL..........cccovriiieiercenee e 4-3
4.4.1 SRAM Base Address Registers (RAMBARO/RAMBARL).........ccccevvvvannane. 4-3
45 SRAM INIIANZATION. ... 4-4
45.1 SRAM Initialization COUE .......ccceceveiicecese e 4-5
4.6 POWET MaANAGEMENT .....eeiieiiiiesiee ettt ettt et eneeaneas 4-6
4.7 CACNE OVEIVIBW ......oviiiiiiieeiiste ettt 4-6
4.8 CaChe OrganiZation.............oiueiriieieiecee e 4-8
48.1 Cache Line States: Invalid, Valid-Unmodified, and Valid-Modified............. 4-8
4.8.2 The Cache at StArt-Up......covoviiiiiisis s 4-9
4.9 CAaChE OPEIALION. .....c.iiieieiiiiecieie e 4-11
49.1 LOF: ol o 10 o 1Y, [T [T SRR URRRN 4-13
4911 CAaChEADIE ACCESSES ...ttt 4-14
49.1.2 Write-Through Mode (Data Cache ONlY)........cccceovrvieienniieinieees 4-14
49.1.3 Copyback Mode (Data Cache ONlY)........cccccviiviviiniiiiisnsiesnseseseaeanens 4-14

@ MOTOROLA Contents Vi



CONTENTS

Paragraph . Page
Number Title Number
49.2 Cache-INhibIted ACCESSES ........covriirieiirieieierie et 4-14
493 CACNE PrOtOCOL ..ot 4-15
4931 REAU IMIISS ... 4-16
4,9.3.2 Write Miss (Data Cache Only) ........ccovvvviiiiiiiiiisc e 4-16
4933 REA Hit ... 4-16
4934 Write Hit (Data Cache Only) .........ccccoviiiiiniiciseeecees 4-17
4.9.4 Cache Coherency (Data Cache ONlY) .......cccvvviviiviiiiiiniiese e 4-17
495 Memory Accesses for Cache Maintenance............ccoovvvivniinieniininsiisinsinnnnnns 4-17
4951 (O Tod L= o 1 73T SRS 4-17
4.95.2 CACHE PUSNES ...t 4-18
49521 Push and Store BUFTETS .........ccoiieriiniireieecee e 4-18
49522 Push and Store Buffer Bus Operation.............ccooveeiernieiennsseenenns 4-18
4.9.6 (OF: ol o [ I Tod ] Vo USRS 4-19
4.10 CACNE REGISTEIS. .. vttt 4-21
4.10.1 Cache Control Register (CACR) .......coviriiiiiceesseee s 4-21
4.10.2 Access Control Registers (ACRO—ACRS3) .......cccovvviiiiiiiiiirieseseeeee s 4-23
411 Cache MaNAgEMENT.......cuviiiieieieie et 4-24
4.12 Cache Operation SUMMANY .......cccoiieiriniieein e 4-27
4121 Instruction Cache State TranSitions ...........ccocveiieriieneiisese e 4-27
4122 Data Cache State TranSitioNS..........ccocvvevireiiieneieneenese e 4-28
413 Cache Initialization COUe..........ccviiviiirriee e 4-32
Chapter 5
Debug Support

5.1 OVBIVIBW ...ttt ettt bbb bbbtk e b bt b ettt sbe e 5-1
5.2 SigNAl DESCIIPLIONS ...vviivieiietieiieiieieee e nre s 5-2
521 Processor Status/Debug Data (PSTDDATA[L7:0]) ..cvoovrvrviieiniieinecees 5-3
5.3 Real-Time Trace SUPPOIT.......cceiiiiieie ittt ste e e e ste e re e te et are e anens 5-4
531 Begin Execution of Taken Branch (PST = 0X5) .....cccccoevviiniininniiniininninnininnnns 5-6
532 Processor Stopped or Breakpoint State Change (PST = OXE) .........c.cccoevnne. 5-7
5.3.3 Processor Halted (PST = OXF) ....ccocviviiiiiiiise e 5-7
5.4 Programming MOGEI ..........ooiviiiiiiine i 5-8
541 Address Attribute Trigger Registers (AATR, AATRL)......cccovvvvvirircinnnn, 5-10
5.4.2 Address Breakpoint Registers (ABLR/ABLR1, ABHR/ABHR1)............. 5-12
5.4.3 BDM Address Attribute Register (BAAR).......ccocviviiiiiininiiinisseseseses 5-12
544 Configuration/Status Register (CSR)..........cccvrvrrrieierniieinseee s 5-13
545 Data Breakpoint/Mask Registers (DBR/DBR1, DBMR/DBMR1) ............ 5-15
5.4.6 Program Counter Breakpoint/Mask Registers

(PBR, PBR1, PBR2, PBR3, PBMR) .....ccccvsiiiriireieensense e 5-16
5.4.7 Trigger Definition Register (TDR) .....c.coviviiiiiiiiieisieiesesee e 5-18
5.4.8 Extended Trigger Definition Register (XTDR) .......c.ccocuvvvnivnivnivniininnnnnnienns 5-19

viii MCF5407 User’s Manual M) MoToroLA



CONTENTS

Paragraph . Page
Num%erp Title Numbger
5.4.9 Resulting Set of Possible Trigger Combinations..........cccccoevvvvviviivniniininnnnnn 5-21
55 Background Debug Mode (BDM) ......cccoiiiiiiiiiiiiiinninscsesiesie e 5-22
551 CPU Halt..... e 5-22
55.2 BDM Serial INterface........ccocoiieiierieieisese e 5-24
55.2.1 Receive Packet FOrMAL ...........ccoeiieniiiniiieeeceee e 5-25
5522 Transmit PaCKet FOIMAL............coiiririieeiseesr e 5-26
55.3 BDM COMMANG SEL......ccuiiiieiiiiiiiiieieierieeee e 5-26
55.3.1 ColdFire BDM Command FOrMaL.........cccoerviiniineineseneenee e 5-27
55311 Extension Words as ReqUIred...........cccoviieriniiieiinnicen e 5-28
55.3.2 Command Sequence Diagrams..........cccvivivieiesinsiesesesesiese e sesesennens 5-28
55.3.3 Command Set DESCIIPLIONS ....ccvvvviiiiiiiisisisi st 5-30
55331 Read A/D Register (RAREG/RDREG) ....c.coviveueririrrireriineareieinesneieenennanas 5-30
55.3.3.2 Write A/D Register (WAREG/WDREG).......cccviueiiesesenesesessesesesesenns 5-31
55.3.3.3 Read Memory LoCation (READ).......c.ccuiuiiiiiinininininnsesesesiesiessenns 5-32
55334 Write Memory LOCation (WRITE) ....viveveiriireeinisreieeesrseene e 5-33
5.5.3.3.5 Dump Memory BIOCK (DUMP) ......cccviiiiiiiiiise s 5-35
55.3.3.6 Fill Memory BIOCK (FILL) ..o 5-37
55.3.3.7 ResuMEe EXECULION (GO) ...cvviivreriririiieieini st 5-39
5.5.3.3.8 NO OPEratioN (NOP) ...vvivviiviiiiisiisese e e sie e e et e s e e ssesre e 5-40
55.3.3.9 Synchronize PC to the PSTDDATA Lines (SYNC_PC) ...ccocuvvvrvnnnennne 5-41
5.5.3.3.10 Read Control RegiSter (RCREG) .......cueeiriiveieririnriieieinesieieenesneeseennanas 5-42
55.3.3.11 Write Control RegiSter (WCREG) ....cvcvviveiieriesiesiesiesiesiestesiessesiesiesne e 5-43
55.3.3.12 Read Debug Module Register (RDMREG) .......ccccviiiiiininininnniennnnenns 5-44
55.3.3.13 Write Debug Module Register (WDMREG) .........cccveirriririnnennnnnnns 5-45
5.6 Real-Time Debug SUPPOIt......ccviiiiiiiesese st 5-45
56.1 Theory OF OPEeratioN.........coiviiiiiiiii e 5-46
56.1.1 EMUIGLOr MOE ..o 5-48
5.6.2 Concurrent BDM and Processor OPeration ..........c.ccoceeveveiesnsesnsnsiesnnens 5-48
5.7 Motorola-Recommended BDM PiNOUL............ccooeiiiniiniineisee e 5-49
5.8 Debug C Definition of PSTDDATA OUIPULS........covvviveeiriireeinisreeesreeees 5-49
5.8.1 USET INSEFUCLION SEL ...t 5-50
5.8.2 SUPErVISOr INSIUCTION SeL.....iiiiiiiiiiiisese s 5-53
Part Il
System Integration Module (SIM)
Chapter 6
SIM Overview
6.1 FRATUIES ...ttt 6-1
6.2 Programming MOGEL ..........coeiiiiiiiiie s 6-3
6.2.1 SIM Register MemMOry Map .....ccoiiiiiiieniinisesie s sie st sns 6-3

@ MOTOROLA Contents ix



CONTENTS

Paragraph . Page
Number Title Number
6.2.2 Module Base Address Register (MBAR) ........cccovviviiiiiniiniiininiinsesess e 6-4
6.2.3 Reset Status RegiSter (RSR) .....uiviiiiiiiiiinisisesesese s 6-5
6.2.4 Software Watchdog TImer.........cceoviiiiiiiciceeee s 6-6
6.2.5 System Protection Control Register (SYPCR) .....c.cccoovvevviviiviivnivsinsececesnnn 6-8
6.2.6 Software Watchdog Interrupt Vector Register (SWIVR).......cccccoevvivvivnnnnnn. 6-9
6.2.7 Software Watchdog Service Register (SWSR)........cccovvvieiinniiicnnicee, 6-9
6.2.8 PLL Clock Control for CPU STOP INStruction ...........ccovervreneenneninenenn. 6-10
6.2.9 Pin Assignment Register (PAR) ..o 6-10
6.2.10 Bus Arbitration Control ............cccviiiiiiiiie e 6-11
6.2.10.1 Default Bus Master Park Register (MPARK) .......cccccooviiviiviiviienininenenn, 6-11
6.2.10.1.1 Avrbitration for Internally Generated Transfers (MPARK[PARK])...... 6-12
6.2.10.1.2 Avrbitration between Internal and External Masters
for Accessing Internal RESOUICES ........ccvvvivieiiiinisicesesn e 6-14
Chapter 7
Phase-Locked Loop (PLL)

7.1 OVBIVIBW ...ttt bbbt b ettt bt nn et r et 7-1
7.1.1 PLL:PCLK RAIOS.....cuiiiiiiiiiiiiiticie et steste et te e te e ve e te e sne e ane e 7-2
7.2 PLL OPEIAtION ...veviiiiecie ettt sttt sttt ate e stesteaneaneaneane s 7-2
721 RESE/INITIAHZATION ... 7-2
7.2.2 N[ T LY oo LSRR RPRRN 7-2
7.2.3 Reduced-POWET MOUE..........ooiiiiiiccre e 7-3
724 PLL Control Register (PLLCR)......cccuiiiiiiiiisinisisesesiesie s sesennens 7-3
7.3 oI o o T USRS 7-4
7.4 Timing RelationShipS ........ccviiiiiiiiicc s 7-4
7.4.1 PCLK, PSTCLK, and BCLKO .......ccccoriiiiiriiieiniieseesesie e 7-4
7.4.2 RSTT THMING .ottt enes 7-5
7.5 PLL Power Supply Filter CirCUIt........cccoviiviiiiiiisisese e 7-6

Chapter 8

I°C Module
8.1 OVBIVIBW ...ttt bbbt b ettt bt nn et r et 8-1
8.2 INTEITACE FEATUIES.......cviviiieciiicce e 8-1
8.3 12C SyStemM CONFIGUIALION. ............oveeeveeeeeeeeeeseeeseeeseeeeeeeeseesse e ees e eese e 8-3
8.4 12C POOCON ....ovvoervvvvcoossaasesssscsssss s 8-3
8.4.1 AFDItration PrOCEAUNE .........oviveiiiiiieieiee e 8-4
8.4.2 CloCk SYNCHArONIZAtION.......cceiiiicise e 8-5
8.4.3 HaNASNAKING ..o 8-5
8.4.4 ClOCK STIEtCRING ...vvvc s 8-5
8.5 Programming MOGEL ..........coeiiiiiiiiie e 8-6

X MCF5407 User’s Manual M) moToroLA



CONTENTS

Paragraph

Number Title

8.5.1 12C Address Register (IADR) ...........cvmveeeeeeeeeeereseeeeseesseessesseeenees
8.5.2 1°c Frequency Divider Register (IFDR).........cccccovvvivriiniiniiniininninnnns
8.5.3 12C Control Register (I2CR) ...........oovvveereveeeeereeseeeeesneseesseseeesesees
8.5.4 12C Status REGISLEr (I2SR) ........cveeeeeereeeeeeeeeeeseeesseesseeeseessesssesseenees
8.5.5 12C Data I/0 RegiSter (I2DR) .....coviiiiiiiiiisisesesese s
8.6 12C Programming EXAMPIES ..............ovveomveeoreeeeoeeeeeeeeeeeeeeeseee oo
8.6.1 Initialization SEQUENCE.........cvciviiiiiece s
8.6.2 Generation OF START ...cviiiiiiee e
8.6.3 Post-Transfer SOftware RESPONSE ..........ceervrvireeiiniirieiereee e
8.6.4 Generation OF STOP ..ot
8.6.5 Generation of Repeated START ..o
8.6.6 SIAVE IMOE ...
8.6.7 ATDITFAtioN LOSt.....c..oviiiiieieeise e

Chapter 9
Interrupt Controller
9.1 OVEIVIBW ...ttt
9.2 Interrupt Controller REQISENS ......c.oovivvveiriirieieeeee e
921 Interrupt Control Registers (ICRO-ICR9) .........cccovvvveiveviiveivsieieinne
9.2.2 Autovector Register (AVR) ..o
9.2.3 Interrupt Pending and Mask Registers (IPR and IMR)...........ccc.ovue.
9.24 Interrupt Port Assignment Register (IRQPAR) .......c.ccccovevviiviivenannane.
Chapter 10
Chip-Select Module

10.1 OVEIVIBW ...ttt
10.2 Chip-Select Module Signals ...
10.3 Chip-Select OPEration..........ccccuuiviiiieiiieieise s
10.3.1 General Chip-Select Operation.........c.ccocvviviiinieniniinisisseseseseens
10.3.1.1 8-, 16-, and 32-Bit POrt SiZiNg.........covvevreieerieereee e
10.3.1.2 Global Chip-Select Operation............ccoovevvivieiniinsinseensese e
10.4 Chip-Select REGISIEIS....c.viviiiiiiiiiieiiieie et
1041 Chip-Select Module REGIStErS ........cooviveeiriiriieisrceeseee e
104.1.1 Chip-Select Address Registers (CSARO-CSART) .......ccccveevevennann.
10.4.1.2 Chip-Select Mask Registers (CSMRO-CSMRY7).......cc.ccoevvvvnivnennn.
10.4.1.3 Chip-Select Control Registers (CSCRO-CSCRY) ........cccovvvvrennn.
104.14 Code EXAMPIE....cciiiiicici et

Chapter 11
Synchronous/Asynchronous DRAM Controller Module

@ MOTOROLA Contents

Xi



Paragraph
Number

111
11.11
11.1.2
11.2
11.2.1
11.3
11.31
11.3.2
11321
11.3.2.2
11.3.2.3
11.3.3
11331
11.33.2
11.3.3.3
11.3.3.4
11.3.35
11.4
1141
11.4.2
11.4.3
11431
11.4.3.2

11.4.3.3
11.4.4
11441
11.4.4.2
11443
11.4.4.4
11445
11.4.4.6
11.45
11451
11.5
1151
1152
11.5.3
1154
1155
11.5.6

Xii

CONTENTS

. Page
Title Number
OVEIVIBW ...ttt bbbtttk b et bbbt et n et en e 11-1
DEFINITIONS ... 11-2
Block Diagram and Major COMPONENLS ...........ccvirinriieeninrireeinsreeeesnenes 11-2
DRAM Controller OPeration ..........cccucviviviiesiesiesesesesesesesesesesesssessesns 11-3
DRAM Controller REGISIEIS ......uiviiiiriiiiniisisisisesie s 11-3
ASYNCArONOUS OPEIALION .....c.c.viviviiiiiiieieie e 11-4
DRAM Controller Signals in Asynchronous Mode............ccccoevevviivininnnnnn 11-4
ASYNChroN0US REQISLEr SEL.......cviiiiiiiiiiiisis e 11-4
DRAM Control Register (DCR) in Asynchronous Mode .............cc......... 11-4
DRAM Address and Control Registers (DACRO/DACRL) .......cccvcvveee. 11-5
DRAM Controller Mask Registers (DMRO/DMRL) .........ccocvvvnivniinnnnnnn. 11-7
General Asynchronous Operation GUIdEliNeS ...........ccovevernieienniceine, 11-8
Non-Page-Mode OPEration.........c..ccccviviiiiiiesiesisese s sesese e seseseans 11-11
Burst Page-Mode OPeration ..........ccocuuviiiininininisisesesesesesesesenes 11-12
ContinUOUS Page MO ..........cueiiiieieiieees e 11-13
Extended Data Out (EDO) Operation...........ccccuevveiveiesivsnsinsinsnsnsesnnns 11-15
Refresh OPeration ..o s 11-16
SYNCAIONOUS OPEIALION........viveieiiiieeieirieee e 11-16
DRAM Controller Signals in Synchronous Mode...........cccccoevivviivivinannann. 11-17
Using Edge Select (EDGESEL) ........ccccuviiviiiiiniiiiiiniiscsescsesesese e 11-18
SyNChronouS REGISIEr SEL.........ceiririiieiirisieei s 11-19
DRAM Control Register (DCR) in Synchronous Mode..........c..c..cov..... 11-19
DRAM Address and Control Registers (DACR0/DACR1)
iN SYNChronOUS MOTE ........cocviviiiiieiicee e 11-20
DRAM Controller Mask Registers (DMRO/DMR1) ......c..ccccvevvevenannnne. 11-22
General Synchronous Operation Guidelings.........cc.ccocvviiiiiinininininnnnnn, 11-23
Address MUIIPIEXING ..o 11-23
Interfacing EXAmMPIE.........coviviiiiiicccccece e 11-27
BUISE Page MOUE.......ciiiiiiiiiiiiiise e 11-27
ContinUOUS Page MO ..........cueviiriiieieiieeess e 11-29
AULO-Refresh OPEration..........c.ovveviiiiiiiicisesese s 11-31
Self-Refresh Operation ... 11-32
INItIaliZation SEOUENCE......ccviireeiieeei et 11-32
Mode RegiSter SEtINGS......vciviiviiiiciei i 11-33
SDRAM EXAMPIE .. 11-34
SDRAM Interface Configuration.............cooveeereieneinneieneniceneene e 11-34
DCR INItIAIZALION .......ceiiicie s 11-35
DACR INIAIZATION ..ot 11-35
DMR INItIaliZation .......covoiieiieicececes s 11-37
Mode Register INitialization .............cccoveiviiiiiiiiiiiiiscs e 11-38
INILIAlIZAtION COOR..... ..o 11-39
MCF5407 User’s Manual @ MOTOROLA



CONTENTS

Paragraph . Page
Num%erp Title Numbger
Part 111
Peripheral Module
Chapter 12
DMA Controller Module
12.1 OVEIVIBW ...ttt ettt bbbt bbbt n et n et nnes 12-1
12.11 DMA MOAUIE FEATUIES ......cveiiieeiicieiciesieise et 12-2
12.2 DMA Signal DeSCHIPLION ...c..cvvieeiiieeieieieieeeeeseeeee e 12-2
12.3 DMA Transfer OVEIVIEW ........cceiiueirieieienieeseeesie et 12-4
124 DMA Controller Module Programming Model............ccocvvvniiniiniinininiinninnnnn 12-5
1241 Source Address Registers (SARO—SAR3) .......ccccoveiirniiierinieeinseees 12-7
12.4.2 Destination Address Registers (DARO-DARS3) .......cccoovvviiviiviivnnsinnnsnnennns 12-7
12.4.3 Byte Count Registers (BCRO-BCR3).........ccocviiiiiniiniininininesesese e 12-7
12.4.4 DMA Control Registers (DCRO-DCR3) ......c.ccorveerrereireeneneeeneeeseeeneens 12-8
12.45 DMA Status Registers (DSRO-DSR3) ......cccovvererirrreninseeieeiseeeneeeens 12-10
12.4.6 DMA Interrupt Vector Registers (DIVRO-DIVR3) ........cccccovvvviiviivnnnnnn, 12-11
12.5 DMA Controller Module Functional Description.............cccoceovvvrieereieriennns 12-11
1251 Transfer Requests (Cycle-Steal and Continuous Modes) ..........cccccevevenene. 12-12
12.5.2 Data Transfer MOGES .........ccoeiiiiieiieceeee s 12-12
125.2.1 Dual-Address Transfers .........ccovevrerirersieneiene e 12-12
12522 Single-Address TranSTers.......ccciviiviiiiriecese e 12-13
125.3 Channel Initialization and STartup .........ccocevverininininns s 12-13
125.3.1 Channel Prioritization ..........cco.ooevieneieneisesese e 12-13
12532 Programming the DMA Controller Module ..........cccccoovviviiviiviinininene, 12-13
1254 Data TrANSTEE ..o s 12-14
12541 External Request and Acknowledge Operation ............cccovveerinnneeenen. 12-14
12542 AULO-ALGNMENT ...t 12-17
12.5.4.3 Bandwidth CONLrOL..........ccoiiiiniieee e 12-18
1255 QLI 0T o] o PSPPSR 12-18
Chapter 13
Timer Module
13.1 OVEIVIBW ...ttt bbbtttk b et bbbt et n et en e 13-1
13.1.1 KBY FRALUIES ...ttt ettt 13-2
13.2 General-Purpose TImMer UNILS ........cc.ooeiiireireiseeereesee e 13-2
13.3 General-Purpose Timer Programming Model .........c.ccccovvvviiiiiiiiiicirccn, 13-2
13.3.1 Timer Mode Registers (TMRO/TMRL) ...cooovviiiiiiiiinissssesesese e 13-3
13.3.2 Timer Reference Registers (TRRO/TRRL) ....coovoovvviviiieeieenceeee e 13-4
13.3.3 Timer Capture Registers (TCRO/TCRL)......ccoviviiiiiieiieieveeevenaeseenanens 13-4
13.34 Timer Counters (TCNO/TCNL) ..oviiiiiiiiiiiie s 13-5

@ MOTOROLA Contents Xiii



Paragraph
Number

13.35
13.4
13.5

14.1
14.2
14.3
1431
14.3.2
14.3.3
14.3.4
14.3.5
14.3.6
14.3.7
14.3.8
14.3.9
14.3.10
14.3.11
14.3.12
14.3.13
14.3.14
14.3.15
14.3.16
14.3.17
14.3.18
14.3.19
14.4
14.5
1451
145.1.1
145.1.2
145121
145.1.2.2
145.2
14521
14.5.2.2
145221
14.5.2.3
14.5.2.4

Xiv

CONTENTS

Title

Timer Event Registers (TERO/TERL).......cccccoovvvvviviiviiinnnnnnn,
Code EXaMPIE ..o
Calculating Time-Out ValUes .........cccovvverniiiicei,

Chapter 14
UART Modules

OVEIVIBW ...ttt
Serial Module OVEIVIEBW .........cccovieiieneinieiie s
Register DeSCrIPLIONS .........cccovriveeeirriceen s
UART Mode Registers 1 (UMRIN)......cccccooviiviiviiniininininninns
UART Mode Register 2 (UMR2N) .......cccccovvvivniininiinninininninns
Rx FIFO Threshold Register (RXLVL)......cccccovveivrvivnrennne.
Modem Control Register (MODCTL) ....c.coovvvvivinereneieneenns
Tx FIFO Threshold Register (TXLVL) ....cccocovvviviiniiniiininnn,
UART Status Registers (USRN) .......ccoovivniieiniicis
UART Clock-Select Registers (UCSRN) .......ccoveviviviviinannas
Receive Samples Available Register (RSMP)........cc.ccccvvvnine
Transmit Space Available Register (TSPC) .......ccccovvvvvrennn.
UART Command Registers (UCRN) .......ccccoevviveiviininiinannnnns
UART Receiver Buffers (URBN) .......ccccoovviniiniiniininniinnnninns
UART Transmitter Buffers (UTBN) ......cccccovvevvreivnninneenene
UART Input Port Change Registers (UIPCRN).........c..cccovnene
UART Auxiliary Control Register (UACRN).........ccccvvivinnnns

UART Interrupt Status/Mask Registers (UISRn/UIMRn)

UART Divider Upper/Lower Registers (UDUn/UDLN) ........
UART Interrupt Vector Register (UIVRN) ......ccoovvvviiiniiinninns
UART Input Port Register (UIPN) ......cccccovvevrieivnnieneieseeneene
UART Output Port Data Registers (UOP1n/UOPON).............
UART Module Signal Definitions.........cc.ccoevvvvniiniiniiniiniininninnnns
OPEIALION. ....cevii i
Transmitter/Receiver CIock SOUrCe........ccoceiieiiiiiiiiiee,
Programmable DIVIder..........ccocuviiiiniiiiiiissesnnie
Calculating Baud Rates...........cccovieenniiciniccien
CLKIN Baud RAteS........cccceiieiiiieiriecseeseesesee s
EXternal ClOCK ..o
Transmitter and Receiver Operating Modes...........ccccceevenne.
Transmitting in UART MOUE .......cccovvviviviiinircececnia
Transmitter in Modem Mode (UARTL) ...ccccovvvviinnninnnnnn

AC ‘97 LOW-POWEr MOCE ......ccvvivvciriieciesie e e
RECEIVET ...t
UARTL in UART MO .....coeiiiiiiiiniieeieeesees

MCF5407 User’s Manual

Page
Number



CONTENTS

Paragraph

Number Title
14524.1 Receiver in Modem Mode (UARTL).....ccccovvvviivinnnninnn
145.2.5 FIFO Stack in UARTO ...
145.2.6 FIFOS iN UARTL ..ottt
145.3 LOOPING MOUES ......oviuviiriiicirireise e e e
14531 Automatic ECho MOE..........coeiiiiiiiireeeeee
145.3.2 Local Loop-Back Mode...........ccoeiiniieiiniiiciccin,
145.3.3 Remote Loop-Back Mode...........ccccovviviviiviniiininiccnaenn
1454 MUItIAIOP MOE.......ociiiiiiiiic
1455 BUS OPEIALION ...t
1455.1 Read CYCIES ...vviiiiciicrce s
1455.2 WIILE CYCIBS v
14553 Interrupt Acknowledge Cycles ..o,
1456 Programming .......c.cceceieienenesese e se e
1456.1 UART Module Initialization Sequence ...........cc.ccoevvvvrvninnn.

Chapter 15

Parallel Port (General-Purpose 1/0O)
15.1 Parallel POrt Operation..........c.ccoccoveeioieneieneie e
15.1.1 Pin Assignment Register (PAR) .......cccooeriiniiineiieceneeee
15.1.2 Port A Data Direction Register (PADDR).......cc.cooevvrviiniiinnnen.
15.1.3 Port A Data Register (PADAT) ....covveieeeeeeeeeeee e
15.14 Code EXAMPIE.....ciiiiicecece e
Part IV
Hardware Interface
Chapter 16
Mechanical Data

16.1 PACKAGE ...t
16.2 PINOUL...c.viieec ettt
16.3 Mechanical Diagram........c.ccoevivieiiriinsinsesese e
16.4 CaSE DIaWING....ovveiiiiiiiieiiiisise st

Chapter 17

Signal Descriptions

17.1 OVEIVIBW ...ttt te e re e tearesneans
17.2 MCF5407 BUS SIgNalS ......cccviiviiiiiiiisisisi e se e
17.2.1 AAAIESS BUS ...t

@ MOTOROLA Contents

XV



Paragraph
Number

17.2.11
17.2.1.2
17.2.2
17.2.3
17.2.4
17.25
17.2.6
17.2.7
17.2.8
17.2.9
17.2.10
17.3
1731
17.4
1741
17.4.2
17.4.3
17.5
1751
17.5.2
17.5.3
1754
17.5.5
17551
17.55.2
17.55.3
17554
17.5.6
17.5.6.1
17.6
17.6.1
17.6.2
17.6.3
17.7
17.7.1
17.7.2
17.7.3
17.7.4
1775
17.7.6
17.7.7
17.8
17.8.1

XVi

CONTENTS

. Page

Title Number

AdAress Bus (A[23:0]) vcvveveieiiiiiiiiisisisssnse e 17-7
Address Bus (A[31:24]/PP15:8]) .evuververiiiiiiiiisisisiesesesiesesnsesenns 17-7
Data BUS (D3L:0]) «.eviveeereirieieieinieieieine s 17-8
REAAIITE (RIW) ....ovvretceeeceeee ettt en ettt s e 17-8
SHZ8 (SIZILI0]) vt 17-8
TrANSTEr STAM (TS) vucvevvrrerieiieiersesesie sttt sttt 17-9
AJAress Strobe (AS) ...oviviiiiiii i 17-9
Transfer ACKNOWIEAGE (TA) ......cvvevieeereeeieeeeeies ettt eneeee s 17-9
Transfer In Progress (TIP/PPT).......ccvcuevcueveceereeeeeeeseeeesesess s senessenessenen, 17-10
Transfer Type (TT[L:0]/PPIL:0]) oveviiiiiiiieieeeeeeeeee s 17-10
Transfer Modifier (TM[2:0]/PP[4:2]/DACK|[L:0])...cccervrvivniniiininnnnenn 17-10
Interrupt Control SIgNAIS..........ooeiieieecee e 17-12
Interrupt Request (IRQ1/IRQZ, IRQ3/TIRQ6, IRQ5/IRQ4, and TRQ7)....... 17-12
Bus Arbitration SignalsS..........cociiiiiiiiiiiiiiiie s 17-12
BUS REQUESE (BR) ...vvvvveiiiiiieieiesississe ettt st 17-12
BUS GIant (BG)......coeueviveieeeieteseetetes st esesee e tes st es st es st sesensens 17-12
BUS DFIVEN (BD) ...cviiiiiiiiiisiisiesie ettt 17-13
Clock and ReSEt SIGNAIS........c.ceiriiiieiicei e 17-13
RESEE IN (RSTT) oottt ettt ettt s et s st as s 17-13
Clock INPUL (CLKIN)...oviiiiiieesesesesee s 17-13
Bus Clock Output (BCLKO) ..o 17-13
RESEL OUL (RSTO)...ueeeieiiieecieiii ettt 17-13
Data/Configuration Pins (D7:0]) ...ccccuvvvriiiniininininininesiseseseseseseenens 17-14
D[7:5,3]—Boot Chip-Select (CS0) Configuration................ccoerverarenn, 17-14
D7—Auto Acknowledge Configuration (AA_CONFIG) .......c.ccccevenenee. 17-14
D[6:5]—Port Size Configuration (PS_CONFIG[L:0]) ...c.cevvrvvrvrrnennnen 17-14
D3—Byte-Enable Configuration (BE_CONFIG) .........ccccrvivririnrinennn. 17-15
D4—Address Configuration (ADDR_CONFIG) ......c.cccovvvvviviviivininaennn, 17-15
D[2:0]—Divide Control (DIVIDE[2:0]) ..ccvovviiviiiininiiisinisisesesinaens 17-15
Chip-Select Module Signals ..........cccceiriieiiniice 17-15
Chip-Select (CS[7:0]) cveivereriieiise st 17-15
Byte Enables/Byte Write Enables (BE[3:0]/BWE[3:0]) ....cccovvvvvrvnvninnne. 17-16
Output ENable (OE) ..o 17-16
DRAM Controller SIgNalS ........cocviviiiiiiiisise e 17-16
Row Address Strobes (RAS[L:0])...ccvrvririnininininisesesesesesesesesienes 17-16
Column Address Strobes (CAS[3:0]) «.ovvrvereerinirieinireesreee s 17-16
DRAM Write (DRAMW) ...ttt 17-16
Synchronous DRAM Column Address Strobe (SCAS) .....cccoevvvvniviivivninnn 17-17
Synchronous DRAM Row Address Strobe (SRAS).......cccovvveiniieiennnn, 17-17
Synchronous DRAM Clock Enable (SCKE).......ccccovviviiviiviiviiviinieceenaena 17-17
Synchronous Edge Select (EDGESEL) .......ccccovvvivviiniiniiniiniiinencseseies 17-17
DMA Controller Module Signals...........ccoveoeiiirreiineiisesensiese e 17-17
DMA Request (DREQ[L:0]/PP6:5]). ... veueerereeeerererinirereniseseeneeeeeeneeeeens 17-17
MCF5407 User’s Manual M) moToroLa



CONTENTS

Paragraph . Page
Num%erp Title Numbger
17.8.2 Transfer Modifier/DMA Acknowledge (TM[2:0]/DACKJL:0]) ..cccvevvnee 17-18
17.9 Serial Module SIgNalS ..o 17-18
1791 Transmitter Serial Data OutPUt (TXD)......ceovrirririeiinnrceeseeeeeees 17-18
17.9.2 Receiver Serial Data INpUt (RXD).....cvcviviiiiiiiiieceseses s 17-19
17.9.3 Clear 10 SENA (CTS)..iiiiiriiriiiiirie et 17-19
17.9.4 ReqUESE t0 SENA (RTS) ..vevviiriieiiiieieisretee st 17-19
17.10 Timer Module SIgNalS........c.ccooviiiriiiir s 17-19
17.10.1 Timer INPUES (TINLI0])..voveieieieieicce e 17-19
17.10.2 Timer Outputs (TOUTL, TOUTO) ...c.covirrireiiiireieinsreeesesreeee s 17-19
17.11 Parallel 1/O POrt (PP[L15:0]) «.eveveuereeeeeeeieenieeeieieseeesiee s 17-19
17.12 12C MOTUIE SIGNAIS........eveeeeeeeeeeeee e eeeeee e eesee e 17-20
17.12.1 12C Serial CIOCK (SCL) ..veeveeeeeeeeeeeeeeeeeeeeeeseee s s eseeee e 17-20
17.12.2 12C Serial Data (SDA) .......cvveeeeeeeeeeesreeieeseesseeesseeesseeessssesses s 17-20
17.13 Debug and Test SIgNaLS .......civiiiiiiiiiiii e 17-20
17.13.1 Test Mode (MTMODI[3:0]) .vcveveiirieeiiieeesreee s 17-20
17.13.2 High Impedance (HIZ)........cccovoveeeieeeeeeeceee e 17-20
17.13.3 Processor Clock Output (PSTCLK)......cuviviiiiiiiiiiininisesesesesese s 17-20
17.13.4 Processor Status Debug Data (PSTDDATA[7:0])....ccvevrniviiiniiieiennns 17-21
17.14 Debug Module/IJTAG SigNalS........ccccoviviiiiiiiiieie s 17-21
17.14.1 Test Reset/Development Serial Clock (TRST/DSCLK) .....cccccovviiviivinnnnnn. 17-21
17.14.2 Test Mode Select/Breakpoint (TMS/BKPT) ......ccovieiienceneieseeseneaeeas 17-21
17.14.3 Test Data Input/Development Serial Input (TDI/DSI) .....ccoeovvvvivivinennnn, 17-22
17.14.4 Test Data Output/Development Serial Output (TDO/DSO)......ccccceevvvvnene 17-22
17.14.5 TESt CIOCK (TCK) .t 17-22
Chapter 18
Bus Operation
18.1 FRATUIES ... 18-1
18.2 Bus and Control SIigNalS.........cccuviiiiiniiiiiiie s 18-1
18.3 BUS CharaCteriStiCS. .. ..cveveuiiieeieii et 18-2
18.4 Data Transfer OPEration ........cccucviriieiiiieiise e se e ens 18-2
18.4.1 BUS CYCIE EXECULION......iiiiiiiiiiiiiicsicsie st 18-4
18.4.2 Data Transfer CYCIe STAteS ........c.vvieeririieirirceesrse e 18-5
18.4.3 REA CYCIE ...t 18-7
18.4.4 WWIIEE CYCIR it 18-8
18.45 Fast-Termination CYCIES........ccccuriiiiinieeiic e 18-9
18.4.6 Back-t0-Back BUS CYCIES ........ccvcviviiiiiciii s 18-10
18.4.7 BUISE CYCIES ...ttt 18-11
18.4.7.1 LN TraNSTErS ..o 18-12
18.4.7.2 Line Read BUS CYCIES.......ccviviiiiiiiicr e 18-12
18.4.7.3 Line Write BUS CYCIES......ccviiiiiiiiiiiicisiss s 18-14

@ MOTOROLA Contents Xvii



Paragraph
Number

18.4.7.4
18.5
18.6
18.7
18.7.1
18.7.2
18.8
18.8.1
18.9
18.9.1
18.9.2
18.10
18.10.1
18.10.2

19.1
19.2
19.3
19.4
19.4.1
19.4.2
19.4.3
19.4.4
19.5
19.6
19.7

20.1
20.1.1
20.2
20.3
20.4
20.5
20.6
20.7
20.8

XViii

CONTENTS

. Page
Title Number
Transfers Using Mixed POrt SizeS........cccovvvviieiieiiiiinniniieiese s 18-15
Misaligned OPEIaNS ........ccviiiiiiiiiisisi st 18-16
BUS EITOIS .ttt 18-17
INEITUPE EXCEPLIONS . .....iiviiieiiecie sttt 18-17
LEVEl 7 INEEITUPLS ....eiviitieiiciiciesi sttt 18-18
Interrupt-Acknowledge CYCIe.........cvvrriiiiiicceee s 18-19
BUS ATDITFAtION. ...t 18-20
Bus Arbitration SignalS..........cociiiiiiiiiii e 18-21
General Operation of External Master Transfers...........ccocooveovvvivceincenennnn 18-21
Two-Device Bus Arbitration Protocol (Two-Wire Mode) ........c.ccccevevnnee. 18-25
Multiple External Bus Device Arbitration Protocol (Three-Wire Mode)... 18-29
RESEE OPEIALION. ......vveiiiiecie s 18-33
MASTEN RESEE ...t 18-34
Software WatChdog RESEL........cccuviiiiiiininirisesss e 18-35
Chapter 19
IEEE 1149.1 Test Access Port (JTAG)
OVBIVIBW ...ttt sttt et na s e ete st e be e e renearenens 19-1
JTAG Signal DeSCHPLIONS .....vcvviiiriiiiisisi e 19-2
TAP CONIOIIET ... 19-3
JTAG Register DESCIIPLIONS ......c.cvivieeieiriieeiein st 19-4
JTAG Instruction Shift REQISIEr ........ccvcvveiiiiiiiccc s 19-5
IDCODE REGISIE ..ttt ane s 19-6
JTAG Boundary-Scan REQISLEN .........ccoieiririiieiiniieein e 19-7
JTAG BYPaSss REQISIEN ........cviiiiiieiiieiciees e 19-10
RESEFICTIONS ...ttt 19-10
Disabling IEEE Standard 1149.1 Operation ...........ccoveeerveoerriersenereneneaenens 19-10
Obtaining the IEEE Standard 1149.1........c.cccooviiviiiiiiniisncr e 19-11
Chapter 20
Electrical Specifications
General ParamMeterS .........coiiirieiieieece e 20-1
Supply Voltage Sequencing and Separation Cautions.............ccccevvrveveeenenn. 20-3
Clock Timing SPeCifiCatioNnS...........covcviiiiiiiiiiiiiisi s 20-4
Input/Output AC Timing SPeCifiCatioNS.......c..cuvviiiiiiiiiniiiininisisesese s 20-6
Reset Timing SPeCifiCationS .........cccovviveiriniieiicesee s 20-15
Debug AC Timing SpecifiCationS.........ccccuciviiiiiiiiiiiiiiiesc s 20-16
Timer Module AC Timing Specifications ..........cccccovviiiiiiiiiiniiissese 20-17
12C Input/Output Timing SPeCifiCations..............c...covvvveerrveesrereeereereesrreeene 20-18
UART Module AC Timing SpecCifiCations ........c..ccocvvvviiviivnivnivsnsesnsnsnninnns 20-19
MCF5407 User’s Manual M) moToroLa



CONTENTS

Paragraph . Page
Num%erp Title Numbger
20.9 Parallel Port (General-Purpose 1/0) Timing Specifications .........c..cc.cceeveunne. 20-22
20.10 DMA Timing SPeCifiCatiONS........ccccuvviiiiiiininisisisese s 20-23
20.11 IEEE 1149.1 (JTAG) AC Timing Specifications ..........ccccecervrcereeneinnnnnnn 20-24
Appendix A
Migrating from the ColdFire MCF5307 to the MCF5407

Al OVEIVIBW ...ttt bbbt b ettt b bbbt nb et see s A-1
A2 INStruction Set AddITIONS ........cvvveiiiiie s A-2
A3 ENNANCEA MEIMOFIES........cui ettt ne e eneneas A-3
A4 ON-Chip DMA MOoifiCatiONS........civiiiiiiiiiicese s A-4
Ab UART ENNGNCEMENTS ...ttt A-5
A.6 TIMING DIffErBNCES ..o A-6
A6.1 Phase-Locked LOOP (PLL).....cccoiiiiiiiiisecece et A-6
A.6.2 TIimINg RelatioNShiPS.......cviiiiiiiii s A-7
A7 Reset Initialization Modifications.............ccoooiriiniiinieicece e A-8
A8 REVISION C DEDUQ .....oviiiieiesiesie sttt ane s A-10
A8.1 Debug Interrupts and Interrupt Requests

IN EMUIALOT MOE ... A-10
A8.2 On-Chip Breakpoint REGISIEIS.......ccviiiiiiiiiesie et se s A-12
A821 Write Debug Module Register (WAMreg) ......coovveviiiininininnnsnsesenenns A-12
A.8.3 Debug Programming MOdel ..o A-14
A83.1 Address Breakpoint 1 Registers (ABLR1, ABHRL) ........c.ccccovevvivinnnnn, A-14
A.8.3.2 Address Attribute Breakpoint Register 1 (AATRL) ...ccovvvviviviiviiniinnnnn, A-14
A.8.33 Program Counter Breakpoint Registers 1-3 (PBR1-PBR3) .................. A-14
A83.4 Data Breakpoint Register 1 (DBR1, DBMR1)......ccccccoviiviiviiviiviinininninns A-15
A835 Extended Trigger Definition Register (XTDR) ........ccocvvvvviininivninninnnninns A-15
A8.4 Debug Interrupt EXCeption VECIOrS ........ccoovrviieiiniiieiincceiseeesrn A-15
A8.5 Processor Status and Debug Data Output Signals ...........ccccevviiviiiiiviinninnnnns A-16
A.8.6 DebUg C SUMMAIY......iiiiiiiiiiiisiise sttt sre e A-17
A9 Voltage INPUL ChANGES. .....c.viiiieiiiicieie e A-17
A.10 PLL Power Supply Filter CirCUIt........cccviiviiiiiiiice e A-18
All Pin-Assignment CompatiDility.........ccccoviiiiininii A-18

Appendix B
List of Memory Maps

@ MOTOROLA Contents XiX



CONTENTS

Paragraph . Page
Number Title Number

XX MCF5407 User’s Manual @ MOTOROLA



ILLUSTRATIONS

Figure . Page
Number Title Number
1-1 MCF5407 BIOCK DIAQIam.....c.ecueiieeiaerieenieisieeseeesteses s esae e see e sseses e ssssesesseseesessens 1-2
1-2 UART Module BIOCK DIagram.........cccccceviiiiiiiiesnsese e e e e e e e sve e snssesnesnenns 1-10
1-3 PLL MOTUIE ...ttt 1-13
1-4 ColdFire MCF5407 Programming MOEl ..........ccoovveiieniciineiineesese e 1-15
2-1 ColdFire Enhanced PIpeline .........c.oivoiiiiiiiiicccsese s 2-3
2-2 ColdFire Multiply-Accumulate Functionality Diagram ...........cccoeveiviiininninsinsnsnnnnnns 2-5
2-3 ColdFire Programming MOEL ...........ccovoivriiiriiieneerciere e 2-8
2-4 Condition Code RegiSter (CCR) ....viviiiiiiiieicr et ane e 2-9
2-5 StAtUS REGISIEN (SR ..vvivieiieiieiieieieie sttt ans 2-11
2-6 Vector Base RegiSter (WBR) ..o 2-12
2-7 Organization of Integer Data Formats in Data RegiSters.........cccovvevveiviieiveivsivaennnnn 2-13
2-8 Organization of Integer Data Formats in Address RegiSters ........ccoovvvvrveinivrvnivnnnn 2-14
2-9 Memory Operand AdAreSSING.........ceeiiiieiririeein e 2-14
2-1 EXception Stack Frame FOMM........cooiiiieiesesese ettt 2-33
3-1 ColdFire MAC Multiplication and AcCumulation............ccoovvrveiiiniiiniininsisn e 3-2
3-2 MAC Programming MOGEL ...........ccooviireiniiieises e 3-2
4-1 SRAM Base Address Registers (RAMBARN) .......cooviiiiiiiiiisnsese e 4-3
4-2 Data Cache Organization ..........cocviiiiiiiiiisisise s 4-7
4-3 Data Cache Organization and Line FOrMAt ..........c.coeeiirniiiininieecce e 4-8
4-4 Data Cache—A: at Reset, B: after Invalidation, C and D: Loading Pattern............... 4-10
4-5 Data Caching OPeration.........ccccuiiiiiiiiiiiiiisie s sre s 4-11
4-6 Write-Miss in CopyDACK MOGE...........ceiviiiiiiiceiee e 4-16
4-7 Data Cache LOCKING......uiiviiieiiiise sttt nesneane s 4-20
4-8 Cache Control Register (CACR) ..o 4-21
4-9 Access Control Register FOrmat (ACRN) ..o 4-24
4-10 AN FOormat (Data CaCNE) ........ucviiiiiiiiiice st ene e 4-25
4-11 An Format (INStruction CaChE) ........cviiiiiiiiciiisisese e 4-25
4-12 Instruction Cache Line State Diagram..........cccveoeieeriniireieneiesessese s 4-27
4-13 Data Cache Line State Diagram—Copyback Mode...........cccccoveiniiieniiniincne 4-28
4-14 Data Cache Line State Diagram—Write-Through Mode.........c..ccocviviiiiiiiiniininnnnns 4-29
5-1 Processor/Debug Module INtErface..........covveriieiininiiiiccee s 5-1
5-2 S 1O I S I 1o S PRR 5-3
5-3 PSTDDATA: Single-Cycle InStruction TiMiNg.......ccccurvurerenienieninnieninnenesnsesesnseenns 5-3
5-4 Example JMP Instruction Output on PSTDDATA . ......ccociiiieiniceeseeeees 5-6
5-5 Debug Programming MOdel ...........cc.oiiiiiiiiiieee s 5-9
5-6 Address Attribute Trigger Registers (AATR, AATRL).....ccccvvviiiiniiniiiiininseseseeens 5-11

@ MOTOROLA Illustrations XXi



Figure
Number

5-7

5-9

5-10
5-11
5-12
5-13
5-14
5-15
5-16
5-17
5-18
5-19
5-21
5-20
5-23
5-22
5-25
5-24
5-26
5-27
5-28
5-29
5-30
5-31
5-33
5-32
5-35
5-34
5-37
5-36
5-39
5-38
5-41
5-40
5-43
5-42
5-45
5-44
5-46

6-2
6-3

XXii

ILLUSTRATIONS

. Page
Title Number
Address Breakpoint Registers (ABLR, ABHR, ABLR1, ABHR1)............cccccvruennnnn 5-12
BDM Address Attribute Register (BAAR) .......ccoiv i 5-13
Configuration/Status Register (CSR)........cvviviiiiiiiiiiisisisiscsese s 5-13
Data Breakpoint/Mask Registers (DBR/DBR1 and DBMR/DBMR1)............ccuu... 5-16
Program Counter Breakpoint Registers (PBR, PBR1, PBR2, PBR3) .........c..ccccveuane. 5-17
Program Counter Breakpoint Mask Register (PBMR) ........cccccoovvivninivniinivninninsennnn 5-17
Trigger Definition RegIiSter (TDR) ......cvveieeieereereesiee e 5-18
Extended Trigger Definition Register (XTDR) .....c.ccooviiviiiiiviiiisinsese e 5-20
BDM Serial INterface TiMING ......ccocviiiiiiiiiiiisiesisese s 5-24
ReCeive BDM PACKEL.........ccoiiiiieiicee e 5-25
Transmit BDM PaCKeL .........ccviiiiiiiiiicics e 5-26
BDM ComMMANT FOIMAL ..ot 5-27
Command SequENCE DIAGIAM..........cueiriiiieiiriieiei et 5-29
RAREG/RDREG COMMANG SEUENCE......cveiveiietesiesieitesiesteseestestessessessesssssessessessessessenses 5-30
RAREG/RDREG COMMANG FOIMAL ......oviuiiiiiiieiiieiieis e 5-30
WAREG/WDREG COMMANT SEQUENCE ......c.vieiiriiieieistsieiesise st 5-31
WAREG/WDREG COMMANG FOMMAL.........coviiiiiiieiiieicesisese e 5-31
READ COMMANA SEOUENCE ....e.vivevetestestestesiestestestestessessessessessessessessessessessessessessessenses 5-32
read Command/RESUIT FOMMALS. .........cviveiirireieiiieieise e 5-32
WRITE COMMANG FOPMAL ..ottt 5-33
WRITE COMMANT SEQUENCE .....vvviviiiiiiiaiisiesiesiesiasia e sta s stasta e a e stassasse e snessassessenns 5-34
DUMP ComMMANA/RESUIE FOMMALS ........voveviiriireieiisieiei e 5-35
DUMP COMMANG SEQUEINCE .....veveveiesiesiestestestestestestessessassessessessessessessessessessessessessenses 5-36
FILL COMMANG FOIMEL........iiiiiiiiiiiiiieineese et 5-37
FILL COMMANG SEAUENCE .....vevvteiiriertetesist sttt 5-38
GO COMMANT SEAUENCE .....vevvevreviereereeteateeta e te e ate e e ta s e sseateateate s e ateatasreanesseanesneanes 5-39
GO COMMANA FOIMAL........eiiiiiiiieiie bbb 5-39
NOP COMMANT SEQUENCE ...ttt sttt 5-40
NOP COMMANG FOMMAL........iuiitiiiiiiiieeiree et 5-40
SYNC_PC COMMANG SEUEINCE .....vvvrerrariaiiaieaiiarearesiassassassassessessassessessessassessessessessenses 5-41
SYNC_PC CommMaNd FOIMAL........c.coviiiriiiiireree e e e se e e ste e e e ra e e e e sre e 5-41
RCREG COMMANT SEQUENCE .....cveveieriesiesiesiestestestestessestessessessessessassessessessesssssessessenses 5-42
RCREG Command/ReSUlt FOrMALS...........coceiiiiiiiiiiisiecseese s 5-42
WCREG COMMANG SEAUEINCE .......vvieeieiiisteteiesseeiei ettt 5-43
WCREG Command/ReSUlt FOMMALS..........ccooiiiiieieserieeeeese e 5-43
RDMREG COMMANT SEQUENCE .....cviiveiesiesiesiesieste e siesiesie e sse e stestestessessessessassessessenss 5-44
RDMREG bdm Command/ReSUlt FOIMALS..........coviiieiniiieiicee e 5-44
WDMREG COMMANT SEAUENCE .......vvvrvriirareaieeieeieateataatessestessessassassessessessessessessessessenns 5-45
WDMREG BDM Command FOIMAL..........cccouieiieiiiniiinieisieesiees e 5-45
Recommended BDM CONNECLON ..........c.coiiiiiiiiiniiiieinisrsieisn e 5-49
SIM BIOCK DIQQIaM ....vviviiiieicictce ettt ne e neane e 6-1
Module Base Address Register (MBAR) ......ccooviiiiiiiiiiiisisisnsesese s 6-4
Reset Status ReGISter (RSR) .....c.eviiviieiiiieiisiee s 6-5

MCF5407 User’s Manual M) moToroLA



ILLUSTRATIONS

Figure

Number Title

6-4 MCF5407 Embedded System Recovery from Unterminated Access.........
6-5 System Protection Control Register (SYPCR) ......covvvrivivieiiniceiininnes
6-6 Software Watchdog Interrupt Vector Register (SWIVR).......cccccovvvevenens
6-7 Software Watchdog Service Register (SWSR).......cccovvviiiiiiniiiiisiiinannnnns
6-8 Pin Assignment Register (PAR) .......ccccovivieenieiereiesecse e
6-9 Default Bus Master Register (MPARK) ........cccoviviiiiiiiiiisnsrse e
6-10 Round Robin Arbitration (PARK = 00).......ccccriviiiniiniininiiinninesnsnsenenns
6-11 Park on Master Core Priority (PARK = 01) .....ccocvivreinerieerieerieeseeenns
6-12 Park on DMA Module Priority (PARK = 10)....cccccccvviviiiiiiiiniesecnsneeens
6-13 Park on Current Master Priority (PARK = 01) ..c.cccoovviviiiniininniinnsinseseeeens
7-1 PLL Module BIOCK Diagram .......cccccveevreiaenieenesesiseseeseesesesesessenens
7-2 PLL Control Register (PLLCR).......ccoviiviiieciie e
7-3 CLKIN, PCLK, PSTCLK, and BCLKO Timing .......c.ccceoerurrurererrnrrnenens
7-4 Reset and Initialization TimiNg.........ccocerveeriniencire e
7-5 PLL Power Supply Filter CirCUit........c.covvviiiiiiiiiese e
8-1 12C Module BIOCK DIAGIAM .........ovveeeveeereeeeeeeeeeeeeeeeeseeeeeeeseeeeeseeeeesee
8-2 12C Standard CoMMUNICation PrOtoCOl .............covvv.emveeeeseeeeeeeerecrenneee.
8-3 ] (L =T0 IS AN = SRR
8-4 Synchronized ClOCK SCL.......cccoiiiiiiiiiee e
8-5 1“C Address RegiSter (IADR) ..o
8-6 1°C Frequency Divider Register (IFDR)..........ovveeveeeeerereeereseeeseeessseenes
8-7 12C CONLrol REGIStEr (I2CR) ... eeeeeeeeee e eeseeeessee
8-8 I2CR Status RegiSter (I2SR) .........rvveeereeeeereeesseeeesseesessssssssessessseeeesneee
8-9 12C Data 1/0 ReGISEr (I2DR) .......eeeveeieeeeereeeeeeeeeseeeeeeesseeeeseessesssesneeeees
8-10 Flow-Chart of Typical 12C Interrupt ROULINE .......ccccovvrvniiiivniisinsiinsnnenas
9-1 Interrupt Controller BIOCK Diagram.........ccccocevveereiineiesenieeneesee e
9-2 Interrupt Control Registers (ICRO-ICR9) .......c.cccooviiviiviiviiiniicrcecssninns
9-3 Autovector REgIStEr (AVR) ...
9-4 Interrupt Pending Register (IPR) and Interrupt Mask Register (IMR)

9-5 Interrupt Port Assignment Register (IRQPAR) ........cccovovvviviiviiviiviiciaiainns
10-1 Connections for External Memory Port SizeS .........ccccovviviiviiiinsiisinninnnnnn,
10-2 Chip Select Address Registers (CSARO—CSART) ......ccccovrvvvierniriernnnn,
10-3 Chip Select Mask Registers (CSMRN) .......cooiviiiiiiiiiiiiisncrsesesesesneeens
10-4 Chip-Select Control Registers (CSCRO-CSCR7) ......cccovvivviviivniniinnnnnannnns
11-1 Asynchronous/Synchronous DRAM Controller Block Diagram ...............
11-2 DRAM Control Register (DCR) (Asynchronous Mode) ..........c..ccccvevanane.
11-3 DRAM Address and Control Registers (DACRO/DACRL)......c..ccccvuvivnnnn.
11-4 DRAM Controller Mask Registers (DMR0O and DMR1)..........cccccovvevnnne.
11-5 Basic Non-Page-Mode Operation RCD = 0, RNCN =1 (4-4-4-4) ............
11-6 Basic Non-Page-Mode Operation RCD =1, RNCN =0 (5-5-5-5) ............
11-7 Burst Page-Mode Read Operation (4-3-3-3).....ccccrrieienniiennieeiennnns
11-8 Burst Page-Mode Write Operation (4-3-3-3)......cccoevvviinivnnsinsesnseeeannanns
11-9 Continuous Page-Mode Operation............ccooveviiiinininsisnsnsnsnsnsnseseens

@ MOTOROLA Illustrations

Page
Number

xXiii



Figure
Number
11-10
11-11
11-12
11-13
11-14
11-15
11-16
11-17
11-18
11-19
11-20
11-21
11-22
11-23
11-24
11-25
11-26
11-27
11-28
11-29
12-1
12-2
12-3
12-4
12-6
12-5
12-7
12-8
12-9
12-10
12-11
12-12
12-13
13-1
13-2
13-3
13-4
13-5
13-6
14-1
14-2
14-3
14-4

XXiV

ILLUSTRATIONS

. Page
Title Number
Write Hit in Continuous Page MOGE............cceeriniiiiiniceeeee s 11-15
EDO Read Operation (3-2-2-2) ....ccccuccereieieieiiesesesesiesessessessessesessesessessessesansens 11-15
DRAM Access Delayed by Refresh ... 11-16
MCF5407 SDRAM INEITACE.....cviiieiieieieecec et 11-18
Using EDGESEL to Change Signal Timing.........ccocveiviiiiiinnesnsnsiesnsesesesesnnneas 11-19
DRAM Control Register (DCR) (Synchronous Mode) .........ccccuevvvnivninninnieninnnnnnns 11-19
DACRO and DACR1 Registers (Synchronous Mode)...........ccccovvveeriniieiinineiennn. 11-20
DRAM Controller Mask Registers (DMRO and DMRL).......c.ccccovvvvvivivnivniniieinannnns 11-22
BUrst Read SDRAM ACCESS ......cuviueiiiiieiiiieiaiesieienie sttt sr e 11-28
BUISt Wit SDRAIM ACCESS ....vcuveverierireeriaeeeatesiaseseesessesesseessessssessssessesessessasessaseneas 11-29
Synchronous, Continuous Page-Mode Access—Consecutive Reads.............c........ 11-30
Synchronous, Continuous Page-Mode Access—Read after Write...........ccoceevvvnens 11-31
AULO-REfresh OPEration........ccoviveviiiiiieiiscee s 11-32
Self-Refresh OPEration ..........ccciviiiiiiiieici s aneas 11-32
Mode Register Set (Mrs) COMMANT ........cocviiiiiiiiiiiiee s 11-34
Initialization Values fOr DCR .........ccoovoiieincieeeseee e 11-35
SDRAM COoNfIGUIALION........cviiiiiiceci et e e re e sreaneas 11-36
DACR Register Configuration........c..cocuiiiiiiiiiiiiinisesesesese s 11-36
DIMIRO REGISIEN ...ttt ettt sae e sae s te e ne e tesaeseseeneasensaneneas 11-37
Mode Register Mapping to MCF5407 A[31:0] ..cvcoviviiiiirircrseee e 11-38
DMA Signal DIagram . ....ccviiiiiiiisesiesesesese e sie e se s e e s sse e ssessessessessensens 12-1
MCF5307/MCF5407 TM[2:0] Pin REMAPPING ....cccvveeieiieirieeseneeeeneseseseseeeseenes 12-4
DUal-AdAress TraNSTEr ..ot 12-4
SINGIE-AAreSS TraNSTEIS....c.viiiiiiiieiee e ans 12-5
Destination Address RegiSters (DARN) ..o 12-7
Source Address RegiSters (SARN) ..o 12-7
Byte Count RegiSters (BCRN)......cccuiiiiiiiiisisesise e se e e s sinsia e e ssesnessasnens 12-8
DMA Control Registers (DCRN) .......cvieieeieerieeseeeseseseses e seens 12-8
DMA Status RegiSters (DSRN) .......cccviviiiiiiiiesiese e e e e e se e e e e e sre e sneanens 12-10
DMA Interrupt Vector Registers (DIVRN) ..o 12-11
DREQ Timing Constraints, Dual-Address DMA Transfer..........ccccoovevrveeneienennnns 12-15
Dual-Address, Peripheral-to-SDRAM, Lower-Priority DMA Transfer ................... 12-16
Single-Address DMA Transer ... 12-17
Timer BIOCK DIaQram ........cvieiieieieieisieese et sae e tesnereneas 13-1
Timer Mode Registers (TMRO/TMRL) .....coooviiiiiiiicceeeeeeeee e 13-3
Timer Reference Registers (TRRO/TRRL) ..ovoviiiiiiiiiiiiiisisisnssesn s 13-4
Timer Capture Register (TCRO/TCRL) .....ovoviriiieiiiceenseeesee e 13-5
Timer Counters (TCNO/TCNL)....cv i 13-5
Timer Event Registers (TERO/TERL).......cccooviiiiiiiiiiiiiisisesesns s 13-5
Simplified BIOCK DIagram .........cccccovieiiiieneenieiseiesecse s 14-1
UART Mode Registers 1 (UMRIN)......ccocviiiiiiiieiese et 14-6
UART Mode Register 2 (UMRBRZ2N) .....cccoviiiiiiiie st 14-7
RX FIFO Threshold Register (RXLVL).....covccvivieieinieieseieseesesis e esesesaeesee s 14-8

MCF5407 User’s Manual M) moToroLA



ILLUSTRATIONS

Figure . Page

Nl?mber Title Numbger

14-5 Modem Control Register (MODCTL) .....vicviiiiiiiinisisesese s se e esesnssesnens 14-9
14-6 TX FIFO Threshold Register (TXLVL) ....coveeiieieeeeseenieesie e 14-10
14-7 UART Status Register (USRN) ........ovoiiiiiieieeesieesceesiee e 14-10
14-8 UART Clock-Select Register (UCSRN).....c.coiiiiiiiininiisesiesiesiesesiesie e e siesieseeneens 14-12
14-9 Receive Samples Available Register (RSMP) ..o 14-13
14-10  Tx Space Available RegiSter (TSPC) ....ccccviviiiiiiiecese e 14-13
14-11  UART Command Register (UCRN).......ccoiiiiiriiiiisise e siesesie e e sessssasnens 14-14
14-12  UART Receiver Buffer for UARTO (URBO)........ccoovirriireireiceneesee e 14-16
14-13  UART Receiver Buffer for UARTL (URBL).....cccoiiiiiiiniccecreice e 14-16
14-14  UART Transmitter Buffer for UARTO (UTBO) ....ccovvvviiiiiiiiiiisisescsnsesesesnieas 14-16
14-15  UART Transmitter Buffer for UARTL (UTBL1) ...ccoovovvviiiiireeeeeree e 14-17
14-16  UART Input Port Change Register (UIPCRN)........cccoviiiieiiiriese e 14-17
14-17  UART Auxiliary Control Register (UACRN) .......cooviiiiniiiiiiiesesnscsnsnse s 14-18
14-18  UART Interrupt Status/Mask Registers (UISRN/UIMRRN).........cccooerniiiennnieninnnn, 14-18
14-19  UART Divider Upper Register (UDUN)........cccoviviiiiiiinsisesese e sn e 14-19
14-20 UART Divider Lower Register (UDLN)......ccccuiiiiiiiinininesesesesesnsesnsesnsnssnnnens 14-19
14-21  UART Interrupt Vector Register (UIVRN) .......coooovriiireiireiseeeseesee s 14-20
14-22  UART Input Port RegiSter (UIPN) .......cccviiiiiiiiiiece s sn e 14-20
14-24  UART Block Diagram Showing External and Internal Interface Signals................ 14-21
14-23  UART Output Port Data 1 Register (UOPL/UOPO) ........ccovirirriiieiniirieinisecieees 14-21
14-25  UART/RS-232 INTEITACE .....cveveiiieeeieiiees ettt 14-23
14-26  UARTL/CODEC INEITACE......ciiiieiieriiiieieinisisieieis et 14-23
14-27  UARTL/AC "7 INTEITACE ...ooveevceeieeeeee et 14-23
14-28  Clocking SOUICE DIagram.......cccceceieieieiiesiesiesestestestesesieste e se e e e e ssessesnesreanens 14-24
14-29  Transmitter and Receiver Functional Diagram...........ccoceevviniiniinieninninsinsinsinsinsinnnns 14-25
14-30  Transmitter Timing DIAgIam .....cc..ccovveireiireieense e eeens 14-27
14-31  16-Bit CODEC Interface Timing (ISh First) ......cccccoovvoviiviiiiiiiiiicecsrcecececesninae 14-27
14-32  8-Bit CODEC Interface Timing (Msh First) ......cc.ccooviviiiiniiniiiniiisssnsesesnainas 14-28
14-33  AC “97 INterface TiMING.......cooviieieerieireeseeee et ns 14-28
14-34  RECEIVET TIMINQG..ctiiiiiiiiteitesteseseste e teste st te e te e tesbestestestestestesbesteatestestestesresrenneas 14-30
14-35  AULOMALIC ECNO ..o s 14-34
14-36  LOCAl LOOP-BACK ..o 14-34
14-37  RemOte LOOP-BACK ......cceiiiiiiiisieciece ettt nne s 14-35
14-38  Multidrop Mode Timing DIagramM .........ccocvviierinenienenesesesesesesesesesesesesasnens 14-36
14-39  UART Mode Programming FIOWChart ...........ccoovieriinniineicececenee e 14-39
15-1 Parallel Port Pin Assignment Register (PAR) ......ccocvvvieiiie e 15-1
15-2 Port A Data Direction Register (PADDR).........ccccviiiiiiiiniininisesise s sesasens 15-2
15-3 Port A Data RegiSter (PADAT) ....cviiiieiirieieeinisiee sttt 15-3
16-1 Mechanical DIAgram........c.ccviviieiiiisese ettt re e areaneas 16-9
16-2 MCF5407 Case Drawing (General VIBW) ........cocviviiiininieninsinsinsnsnsesesesnsnseens 16-10
16-3 Case Drawing (DELAIIS) .........cevrirriveirirreieiisieiee e 16-11
17-1 MCF5407 Block Diagram with Signal Interfaces ...........ccocvvveivivvniviiisiiincececncnaens 17-2
17-2 MCF5307 to MCF5407 TM[2:0] Pin REMaPPING.......cccovirvrieeiririneineise e 17-18
@ MOTOROLA Illustrations XXV



Figure
Number

18-1
18-2
18-3
18-4
18-5
18-6
18-7
18-8
18-9
18-10
18-11
18-12
18-13
18-14
18-15
18-16
18-17
18-18
18-19
18-20
18-21
18-22
18-23
18-24
18-25
18-26
18-27
18-28
18-29
18-30
18-31
18-32
18-33
18-34
19-1
19-2
19-3
19-4
19-5
20-1
20-2
20-3
20-4

XXVi

ILLUSTRATIONS

. Page
Title Number
Signal Relationship to CLKIN for NON-DRAM ACCESS.........corerreriaeriaereaereerenens 18-2
Connections for External Memory POrt SizeS .........ccccovveveiveiicinsineisiesesese e 18-4
Chip-Select Module Output Timing Diagram .........c..ccooviviiviininninsinsesisesesesesnnes 18-4
Data Transfer State Transition DIagram ..........coceeeerriieierinsreeienneeeeee e 18-6
Read Cycle FIOWCRAI.........ccociiiiice et ns 18-7
BasiC REAU BUS CYCIE.......uiiiiiiiiiisisi sttt nne s 18-8
Write CYCle FIOWCNANT.........coiviiiiiiicee e 18-9
BasiC WIite BUS CYCIE ......iiiiiiiiice sttt ane 18-9
Read Cycle with Fast Termination .........c.cocvvieiiiiiniiniinieniese s 18-10
Write Cycle with Fast Termination............ccoevveiiieiiiensienciene e 18-10
BaCk-t0-BaCk BUS CYCIES .......ccuviiiiiiiisiiciicecie st 18-11
Line Read Burst (2-1-1-1), External Termination ...........ccccoevvvvniinivninninninsinninsnnnnns 18-12
Line Read Burst (2-1-1-1), Internal Termination ...........cccccoeeereinneieneiserisieneenns 18-13
Line Read Burst (3-2-2-2), External Termination ...........cc.ccocvevvviviiviivninninsinnesnannnns 18-13
Line Read Burst-Inhibited, Fast, External Termination.............cccccovvrnenvicneennns 18-14
Line Write Burst (2-1-1-1), Internal/External Termination............ccccocerveeereivriennnns 18-14
Line Write Burst (3-2-2-2) with One Wait State, Internal Termination................... 18-15
Line Write Burst-Inhibited, Internal Termination ...........c.ccococeneinivneinenscneenns 18-15
Longword Read from an 8-Bit Port, External Termination............c.ccoceoveevrecvriennns 18-16
Longword Read from an 8-Bit Port, Internal Termination.............cc.ccccvevveivivinnnenn, 18-16
Example of a Misaligned Longword Transfer (32-Bit POrt) ........cc.ccocvevviviiviivinnnnns 18-17
Example of a Misaligned Word Transfer (32-Bit POrt) ........cccccoeevreieneinnerincienne 18-17
Interrupt-Acknowledge Cycle FIowchart ...........c.cccoviiviiiiiiininircecccc e 18-20
Basic No-Wait-State External Master ACCESS .........ccoveiirerieeneieneinese e 18-22
External Master Burst Line Access t0 32-Bit POM..........ccccovveinniciinices 18-24
MCF5407 Two-Wire Mode Bus Arbitration Interface...........ccocooeviniiiinnicinnnnns 18-25
Two-Wire Bus Arbitration with Bus Request ASSerted...........ccoovvvveveivnivsinnnsnnnnnns 18-26
Two-Wire Implicit and Explicit Bus Mastership.........ccoccovvervverinieneieneinnsieseeneens 18-27
MCF5407 Two-Wire Bus Arbitration Protocol State Diagram............cc.cccevevevnnenn. 18-28
Three-Wire Implicit and Explicit Bus Mastership..........ccoovvviiiiiiininisinsnsisnn 18-30
Three-Wire Bus Arbitration ............ccoviiiiiiinnireiseee e 18-31
Three-Wire Bus Arbitration Protocol State Diagram ...........ccccevveivevveieeiveineiveeannne, 18-32
MaStEr RESEE TIMING...ccuiiiiiiiiiiiii ettt 18-34
Software Watchdog ReSet TIMING ........cceeriiieiiiieeieeeiseee s 18-35
JTAG Test Logic BIOCK Diagram ..........ccccovcviiiiiiirircesece e 19-2
JTAG TAP Controller State MaChiNe...........cccoeiiiiiiniiiesce e 19-4
IDCODE REGISIEN ...ttt bbbttt 19-6
Disabling JTAG iN JTAG MOGE ........cccoviiiiieiisiie e 19-11
Disabling JTAG in Debug MOE ........ccccoiiiiiiiiiiiiis e 19-11
Supply Voltage Sequencing and Separation Cautions...........cccovveerinieerinsncieenenns 20-3
Example Circuit to Control Supply SEQUENCING .......cceivrerireirerieerieeree e 20-4
CLKIN-to-Core Clock FrequenCy RaNQES.........c.civiiiiiiiiaiiieisisesesesesesnsessenns 20-4
L0 [ Tot G T 1 oo USRS 20-5

MCF5407 User’s Manual M) moToroLA



Figure
Number

20-5
20-6
20-7
20-8
20-9
20-10
20-11
20-12
20-13
20-14
20-15
20-16
20-17
20-18
20-19
20-20
20-21
20-22
20-23
20-24
A-1
A-2
A-3
A-4
A-5
A-6
A-7

ILLUSTRATIONS

. Page
Title Number
PSTCLK TIMING ..ttt ettt ettt 20-6
AC Timings—Normal Read and Write Bus CYCIES .........ccoovvveriniiieninicci, 20-8
SDRAM Read Cycle with EDGESEL Tied to Buffered CLKIN ..........ccccooiiieennne. 20-9
SDRAM Write Cycle with EDGESEL Tied to Buffered CLKIN ..........cccccoeeennne. 20-10
SDRAM Read Cycle with EDGESEL Tied High........cccooeiieriiireiere e 20-11
SDRAM Write Cycle with EDGESEL Tied High........cccocoocoiiniiiiicceccee 20-12
SDRAM Read Cycle with EDGESEL Tied LOW ......cccooviieiiniiieriieceeseeieees 20-13
SDRAM Write Cycle with EDGESEL Tied LOW ......ccoovveieerieineiceeeeee e 20-14
AC Output Timing—High IMPedanCe.............ccccviiviiviiiiiiiiiiirir e 20-14
RESEE TIMING ..vitiieitesie ettt sttt e be st bestestesreane s 20-15
Real-Time Trace AC TiMING .....ccoveoeieeieierieiereese et ssens 20-16
BDM Serial Port AC TiMING ...c.vcviiieieiise e 20-16
Timer Module AC TiMING ...oviiiiiiiiiiisi s 20-17
12C INPUY/OULPUL TIMINGS ..vv.oooevvoeeee e 20-19
UARTO and UART1 Module AC Timing—UART MOGE .......cccoovrrrerenirneieraiens 20-20
UART1 in 8- and 16-bit CODEC MOGE........cccooviuiieiiiiireininieeeneses e 20-21
UARTL N AC “97 IMOE ..ottt sttt sttt sttt ste st sneane 20-21
General-Purpose 1/0 TiMINgG......c.coviviiiiiiiiese s se e se s e e sre e e e anens 20-22
DIMA TIMING .ttt ettt e b 20-23
IEEE 1149.1 (JTAG) AC TiMING ...vvorvoreeeeeeeeseeeessiesseessesssseesseessesssesssssessesneenns 20-25
MCF5307 to MCF5407 TM[2:0] Pin REMAPPING ......ceeireierieieieieeesisieeeseeeeeees A-5
Simplified BIOCK DIagram ........covoiviiiiiiiiiisieisessis s A-6
I |V oo 1] SRS A-7
Exception Stack Frame FOrM ........covoiiiiiiic s A-11
Write Debug Module Register Command (WDMREG)......ccuivrvirninesnnenenesesennes A-12
WDMREG COMMANG SEOUEINCE. ......e.veviriieieiisisreieiesisr ettt A-13
PLL Power Supply Filter CirCUIL........c.coviiviiiiciciccccee e A-18

@ MOTOROLA Illustrations XXVii



ILLUSTRATIONS

Figure . Page
Number Title Number

XXiii MCF5407 User’s Manual @ MOTOROLA



9/1/00

Table
Number

11
1-2
2-1
2-2
2-3
2-4
2-5
2-6
2-7
2-8
2-9
2-10
2-11
2-12
2-13
2-14
2-15
2-16
2-17
2-18
2-19
2-20
2-21
2-22
31
3-2
3-3
4-1
4-2
4-3
4-4
4-5
4-6
4-7
4-8
4-9

TABLES
. Page
Title Number
USEI-LEVEl REJISIES. ....c.vivieiiiitciei et 1-15
SUPEIVISOr-LEVEl REGISIEIS .......ivvivieiieieicireiet ettt ans 1-16
CCR Field DESCIIPLIONS ..vviuviviiiieiiirieiaiaiisieses s e s a s sne s snesnesns 2-10
MOVEC REGISIEN IMIP «..vveverieieieiieieiesiee ettt sae e seens 2-11
Status Field DESCIIPLIONS ....c.viiiieicicicese s ne e 2-11
INteger DAt FOIMALS........c.civiiiiieiie ettt nee s 2-13
ColdFire Effective Addressing MOGES........c.cvvveiiriieiiniceeeee s 2-15
NOtational CONVENTIONS ........ccoiuiiiiiiiiiiisiee e 2-16
ColdFire ISA_B EXIENSION SUMMAIY......ccviiiiiriiiiiaisisisesesesesesesasesesessessesnes 2-19
User-Level INStruction Set SUMMATY.........ooeeiiiiininieeieseesseee e 2-19
Supervisor-Level Instruction Set SUMMArY ..........ccooviiviiiiiiiieiesese e 2-23
Misaligned Operand RefEreNCES........coiviiiiiiiiiiiiiii s 2-24
Move Byte and Word EXECULION TIMES.......cccovieeiniriiieinnsieieine e 2-25
Move Long EXECULION TIMES......cviiiiiesieiesiesestesiesiestesesesteste e stesressesse e ssessessensens 2-25
Miscellaneous Move EXECULION TIMES........cccciriireiiieicenieenee s 2-26
One-Operand Instruction EXECUtION TIMES .......ceovriiviveiirirriieesisieees s 2-27
Two-Operand Instruction EXeCUtion TiMES........cccviviiiiiiiiiiieesesnsn e e e 2-27
Miscellaneous Instruction EXecution TIMES.........ccoceivierieriiineiinese s 2-29
Branch Instruction EXeCUtiON TIMES .......c.ccoiveiireireieeeene e 2-30
Bec Instruction EXECULION TIMES........cviiiieiiriecriecse e 2-30
EXCePLion VeCtor ASSIGNMENTS......ccviiiiririeriesiesiesiesesiesie e sie e ste e ste s sse e ssessesss 2-32
Format Field ENCOTING ....vovevieieieieise st 2-33
Fault Status ENCOUINGS. .......cviueiiieieieieiisiee ettt 2-33
MCF5407 EXCEPLIONS ...viviiviitiiiisiesiestesiesiestestesieste e stesiessessessessessessessessessessessessessensens 2-34
MAC INSEFUCTION SUMMAIY.....ceviiiviteiiiiieieiecee et 3-4
Two-Operand MAC Instruction EXeCUtion TIMES ......c.cccvveivevaisiesisiesinsesnseaesnannns 3-5
MAC Move InsStruction EXECULION TIMES........coviiiiiiiiniiinieinecsee s 3-6
RAMBARN Field DESCIIPION ....c.viveiiiieieieicesie e 4-3
Examples of Typical RAMBAR SettingS.......ccccviiiiiiiiiiiiiisesesese e sn s sess e 4-6
Valid and Modified Bit SEtINGS ......coviviiiiiiiisisisss s 4-8
CACR Field DESCIIPLIONS ....cceveiirieiieieicesie ettt seere e 4-21
ACRN Field DESCIPLIONS .....c.viiiiiiiiiieiece et e e e e re e a e e e re e e e e ane e 4-24
Instruction Cache Line State TranSitioNS..........cccoveriineiineniieceseesese e 4-27
Data Cache Line State TransitionS...........ccocevrrririieniniiieeinseeesreeess e 4-29
Data Cache Line State Transitions (Current State Invalid) ..........c.ccocooviiiiiinnnnn 4-30
Data Cache Line State Transitions (Current State Valid).........cc.ccoovvvvviviivnininnininnnnns 4-31

@ MOTOROLA Tables XXIX



TABLES

Table . Page
Number Title Numbger
4-10 Data Cache Line State Transitions (Current State Modified).........c..ccoovvvviiviiviivinnnnns 4-31
5-1 Debug MOodUIE SIgNAIS.......ciiiiiiiiisi e 5-2
5-2 PSTDDATA: Sequential Execution of Single-Cycle Instructions ............cc.coevvenae. 5-3
5-3 PSTDDATA: Data Operand Captured.........cccuivierieiisnsnsesesesnsesesesesinsessssnanens 5-4
5-4 Processor Status ENCOUING .......civiiiiiiiiiiie s
5-5 OXE STALUS POSEING ...ttt
5-6 BDM/Breakpoint Registers

5-7 AATR and AATRL Field DeSCIPLiONS. ........cuiiviiiiiiiiiiiisisisesesese e e seseeseens 5-11
5-8 ABLR and ABLR1 Field DeSCIPLiON. .......c.ceiieiieicirieesee e e 5-12
5-9 ABHR and ABHR1 Field DeSCPLiON..........ccoviiiiiiiiiisnsecese e se e e 5-12
5-10 BAAR Field DESCIIPLIONS ....vvviiiiiiiiisiisi ittt ssa s 5-13
5-11 CSR Field DESCIIPLIONS. .. .c..ciiieiisieiieiei ettt see e sae e seneerenens 5-14
5-12 DBRN Field DESCHPLIONS ......cuiiiiiiiiiiiesiesie e sie et ste s steste e ste st ste e ste e ste e e anens 5-16
5-13 DBMRN Field DESCIIPLIONS ...vvivviviiiiiiiiisiisisiesesie e sie s e e ssesnens 5-16
5-14  Access Size and Operand Data LOCAtION .........ovovveiririieiiicicecec e 5-16
5-15 PBR, PBR1, PBR2, PBR3 Field DeSCIPtIONS........cceiririreeiiresieeenesieeeneesieeneeeeas 5-17
5-16 PBMR Field DESCIPLIONS .....oiviiiiiiiieiie ittt 5-17
5-17 TDR Field DESCIIPIONS .....cvvverieeeieieieisieesie et see e neeareeas 5-19
5-18 XTDR Field DESCIIPLIONS ...c.vcvviiiiiicvieieect sttt neane e 5-20
5-19 Receive BDM Packet Field DeSCriptioN ......c..cuiviiiiiiiiiinesisesesese s 5-25
5-20 Transmit BDM Packet Field DeSCHPLION .........ccoevreireieenieencie s 5-26
5-21 BDM Command SUMMAIY ......cviuiieieieiteaiesesesiessesesessessessessesessessessessessessesesesens 5-26
5-22 BDM Field DeSCHPIONS ....uviviiiiieiiisiisisiisie st se e ste ettt sse e e ssassens 5-27
5-23 CoNrol REGISIEr IMAP. ...ttt 5-42
5-24 Definition of DRC ENCOding—REad...........ccoviviiiiiiiiiesese e 5-44
5-25 PSTDDATA Nibble/CSR[BSTAT] Breakpoint RESPONSE........ccccvrvrvririniiinnarnens 5-46
5-26 EXxception Vector ASSIGNMENTS..........cviviiiririeirisieieis e 5-47
5-27 PSTDDATA Specification for User-Mode INStructions............ccocccevvvreineinennnene 5-50
5-28 PSTDDATA Specification for Supervisor-Mode InStructions...........cc.cceevveveivnivnenne. 5-54
6-1 SIM REGISLEIS ..ttt 6-3
6-2 MBAR Field DESCIIPLIONS ......ccvviviiiiiiiciecece ettt ane e 6-5
6-3 RSR Field DESCIIPLIONS. ....viiviiieiieiiesiesie ettt sttt sne e 6-6
6-4 SYPCR Field DESCIIPLIONS .....veuiiivieiiiiecieiisr ettt 6-8
6-5 PLLIPL SELINGS....viviitiiteitestesesestestestestestestesteste e steste e s tesaestestestestessestasseanesrasnesneans 6-10
6-6 MPARK Field DESCHPLIONS......iiiiiiiiiiisisise sttt ssessasnens 6-11
7-1 Divide Ratio ENCOINGS .....coveviiveiiieieeieese sttt 7-2
7-2 PLLCR Field DESCIIPLIONS. ......cciiviieiiestese ettt te sttt ste sttt ne e ane s 7-3
7-3 PLL Module INPUL SIGNGIS.......cciiiiiiiiiiisese s 7-4
7-4 PLL Module OULPUL SIGNAIS .......cvviveiieieiceicesiciere e 7-4
8-1 12C INLErfACe MEMOTY P ..........veeeveeeeeeeeeeeeeeeeeeeee e eeeeeee e eeeeeee e eer e 8-6
8-2 12C Address Register Field DeSCripLioNS .......c.ccviviiiiiiiiiisisisisesn e 8-6
8-3 IFDR Field DESCIIPLIONS ....cvvivevieieieiieiesiec et seens 8-7
8-4 I2CR Field DESCHPHIONS .......veeveeeeeeeeeeeeeeeeeeeeeeveees e eeeeeeeeeeee e ee e es s 8-8

XXX MCF5407 User’s Manual M) moToroLA



TABLES

Table

Number Title

8-5 I12SR Field DESCIIPLIONS . .....vcviviiirceee st
9-1 Interrupt Controller REGISEIS ......viviiiiiiiiiisisis s
9-2 Interrupt Control REGISIENS ........cveviiviieiisicieecee e
9-3 ICRN Field DESCIIPLIONS ....vvivviiiiviiriieeiese s ne e
9-4 INtErrupt Priority SCREME.........coiv it
9-5 AVR Field DESCIIPLIONS. ....cviviiieieerieisieeeie e
9-6 Autovector Register Bit ASSIGNMENTS........c.coveviiiiiiiieeee e
9-7 IPR and IMR Field DeSCrPtioNS..........ccuiviviiiiiiiinisisesesesesesesnseseeseenns
9-8 IRQPAR Field DeSCIPLIONS ......coveeieerieisiecseiee e
10-1 Chip-Select Module Signals .........c.coooviiiiiiiiic s
10-2 Byte Enables/Byte Write Enable Signal Settings .........cccccovvvvviivnivnivniininiinnnnns
10-3 Accesses by Matches in CSCRS and DACRS.........ccoccovveivrerinienaeneeseeeneens
10-4 D7/AA, Automatic Acknowledge of Boot CSO.........cccceviiviiviiviiviinsinininanns
10-5 D[6:5])/PS[1:0], Port Size 0f BOOt CS0........ccouieiiiireiicise e
10-6  D3/BE_CONFIGO, BE[3:0] Boot Configuration .........c.ccccererrenreenrenrnens
10-7 Chip-Select REGISIEIS....cuvivvivieiieiieieiei et ees
10-8 CSARN Field DESCIIPLION ...cvvivviiiiieicieisieisi s
10-9 CSMRN Field DeSCIIPtIONS ....c.vcvvieiieeeieieeesie st
10-10  CSCRN Field DeSCIPLIONS.......ccviiiiiiiesiesese st sie e sie e se et sre e se e sre e e
11-1 DRAM Controller REGISEIS .....uviviiiiiiiisisisisesesiesesiese e sesesesesasesnens
11-2 SDRAM Signal SUMMAIY ...ccooveiiieiieiseee s seens
11-3 DCR Field Descriptions (Asynchronous Mode)...........ccccecviiviiviivsinsieninsinnnnas
11-4 DACRO/DACRL Field DeSCIPLION ......ccccviviiiiiiiisesisisnsnsnsesesesasennens
11-5 DMRO/DMR1 Field DeSCIIPtiONS......cvccvveeieerieiseiesesieeniseseeeseeseseeneeeneas
11-6 Generic Address Multiplexing SCheme ..........ccccovvviviiiiiiiniinsiesesese e
11-7 DRAM Addressing for Byte-Wide MemOri€sS........cc.cuvvviviivninniininsinninninainnnnns
11-8 DRAM Addressing for 16-Bit Wide MemOri€s............ccoevvrvivreririeieieieenns
11-9 DRAM Addressing for 32-Bit Wide MemOries.........c..ccvvviviiviivaivsinsiesnainnnnns
11-10  SDRAM COMMANGS ....viviiiiieiieieisieieienee sttt sn e
11-11  Synchronous DRAM Signal CONNECLIONS ........ccceovreervreinerieenisenieeseeeneenns
11-12  DCR Field Descriptions (Synchronous Mode) ...........cccceeviviivnvsnsinsnsnsnnnns
11-13 DACRO0/DACR1 Field Descriptions (Synchronous Mode)..........c..ccocvvevrnnane.
11-14 DMRO/DMRL Field DESCIPLIONS. ......cvieieerieeieinieesieeseneee s
11-15 MCF5407 to SDRAM Interface (8-Bit Port, 9-Column Address Lines)........
11-16  MCF5407 to SDRAM Interface (8-Bit Port,10-Column Address Lines).......
11-17  MCF5407 to SDRAM Interface (8-Bit Port,11-Column Address Lines).......
11-18 MCF5407 to SDRAM Interface (8-Bit Port,12-Column Address Lines).......
11-19 MCF5407 to SDRAM Interface (8-Bit Port,13-Column Address Lines).......
11-20 MCF5407 to SDRAM Interface (16-Bit Port, 8-Column Address Lines)......
11-21  MCF5407 to SDRAM Interface (16-Bit Port, 9-Column Address Lines)......

11-22  MCF5407 to SDRAM Interface (16-Bit Port, 10-Column Address Lines)
11-23  MCF5407 to SDRAM Interface (16-Bit Port, 11-Column Address Lines)
11-24  MCF5407 to SDRAM Interface (16-Bit Port, 12-Column Address Lines)

@ MOTOROLA Tables

Page
Number

XXXi



TABLES

Table . Page
Number Title Numbger
11-25 MCF5407 to SDRAM Interface (16-Bit Port, 13-Column-Address Lines) ............. 11-26
11-26  MCF5407 to SDRAM Interface (32-Bit Port, 8-Column Address Lines)................ 11-26
11-27  MCF5407 to SDRAM Interface (32-Bit Port, 9-Column Address Lines)................ 11-26
11-28  MCF5407 to SDRAM Interface (32-Bit Port, 10-Column Address Lines).............. 11-26
11-29 MCF5407 to SDRAM Interface (32-Bit Port, 11-Column Address Lines).............. 11-27
11-30 MCF5407 to SDRAM Interface (32-Bit Port, 12-Column Address Lines).............. 11-27
11-31  SDRAM Hardware CONNECLIONS..........eriierieiiririisieesienesesee e 11-27
11-32  SDRAM Example SpecCifiCatiONns ..........covvriiiiriniiiiisi s 11-34
11-33  SDRAM Hardware CONNECLIONS..........curviirierirerisieiseneaeneeeseereseesessesessesesseseeseseenas 11-35
11-34  DCR INitialization ValUES.........cccovieriiiriiirieisieieie et 11-35
11-35 DACR INitialization ValUES...........ccooiiiiiniiieicieeese s 11-36
11-36 DMRO INitialization ValUES...........ccorviiriiireicese et 11-37
11-37  Mode Register INItialization ...........ccocoviiiiiiiiiisc e 11-38
12-1 DIMA SIGNAIS ..ot nre s 12-2
12-2  MCF5407 Signal Configurations for PP[4:2]/TM[2:0]/DACK[1:0] ....c..ccceerverrrerrnen. 12-3
12-3 Memory Map for DMA Controller Module RegiSters........c.covvivviviiiaiviinninininanannns 12-6
12-4 DCRN Field DeSCHPLIONS .....ccviiiieiiiiiisesisesese st e st sse st sse e ssessens 12-8
12-5 DSRN Field DESCHPLIONS .....vevvieeieiiieiisieisiecee e see e see e s seeneeas 12-10
13-1 General-Purpose Timer Module Memory Map .........cccooveveveieisiisieseseseses e 13-3
13-2 TMRN Field DESCHPLIONS ...cvviiiiiiiiiiiiisiseses s es 13-4
13-3 TERN Field DeSCIIPtIONS. .....ecveviierieieieisiei s et ene e aneneas 13-6
13-4 Time-Out Values (in Seconds)—TRR[REF] = OxFFFF(162-MHz Processor Clock) 13-7
14-1 UART Module Programming MOdel...........cocviiiiniiniiiinisiscsesese s 14-4
14-2 UMRILN Field DESCHPLIONS .....veuviieieieieiisieesesesie et sae e saeseseens 14-6
14-3 UMR2N Field DESCHPLIONS ......ccveiviiieiiesiesie et sie sttt sie e ste et ste e te e sneans 14-7
14-4 RXLVL Field DeSCIIPLIONS. .....ciiiviriisiesiesiesiesiesie e sie et sie ettt sse e snennas 14-8
14-5 Modem Control Register (MODCTL) Field DeSCriptions...........coceeevrneeccrniinenennn. 14-9
14-6 TXLVL Field DeSCIIPLIONS ....vcvirieiiieieeeie st se s e e e e e aneens 14-10
14-7 USRN Field DESCHIPLIONS ...o.viiviiiiiieiieiiesiesie ettt e s 14-11
14-8 UCSRN Field DESCIIPtIONS......ccviviiiieeieieieerieesie st see e sne s 14-12
14-9 RSMP Field DESCIIPLIONS .....ocviiviiveiiesiesie et ste e ste sttt sne e ane s 14-13
14-10  TSPC Field DeSCIIPLIONS. ...ciuiiiiiitiriesiesiestesiesiesieste e sie st sie e sre e sse e e sressessasnens 14-13
14-11  UCRN Field DeSCHPLIONS .......cvieiieieirieesee e se e seens 14-14
14-12  UIPCRN Field DESCIPLIONS .....ccveiviiiiiiiiiesiesiesiesiesie e sie e sie e sie e te e sse e e ssesnnanannens 14-17
14-13  UACRN Field DeSCHPLIONS .....veiviiiiiiiiiesiesiesiesiesiesie e siesie e e sie e sie e ssassessessessessassens 14-18
14-14  UISRN/UIMRN Field DeSCIIPtIONS .....cvvvevieieiieieieieieie et 14-19
14-15  UIVRN Field DESCIIPLIONS ....ocveiiiiiiiieiiecie sttt se et ste st ne e e aneas 14-20
14-16  UIPN Field DeSCIIPLIONS. ....ciiiiiiiisiisiesiestesie e sttt snesresneas 14-20
14-17  UOPL/UOPOQ Field DESCHIPLIONS ......cveviieiirierieieiaieieiesieeseeeseesessesesreseeneseeseseeensens 14-21
14-18  UART MOUIE SIGNAIS ......ocviiviiiiiiiciesie et neane s 14-22
14-19  UART Module Initialization SEQUENCE ........cccvvviiiiiinisiiisnsesese s sesasnens 14-38
15-1 Parallel Port Pin DESCIIPLIONS .......ccvcviieieieieiesieesieese et 15-2
15-2 PADDR Field DESCIIPLION ....cveiviiieciecie ettt ens 15-2
XXXii MCF5407 User’s Manual M) moToroLa



TABLES

Table . Page

Number Title Numb%r

15-3 Relationship between PADAT Register and Parallel Port Pin (PP) .........ccccvevvevenaee. 15-3
16-1 Pins 1-52 (Left, TOP-t0-BOMOM) ...ccueviiiiiiiiiiiiie et 16-1
16-2 Pins 53-104 (Bottom, Left-t0-RIgNt).......cccviieiiiiicccee e 16-3
16-3 Pins 105-156 (Right, BOttOM-t0-TOP) ...c.evrvevereeriririeenieirieeneeesie e 16-5
16-4 Pins 157-208 (Top, RIight-t0-Left) .....cc.cociriiriiiiiiiisisi e 16-6
16-5 DIMENSIONS ...ttt et ee e te e te e e sae s e seeseete s ase e etesaesessereaseneaneneas 16-11
17-1 MCF5407 SIgNAL INGEX.....e.ieeeieiiieieieei ettt 17-3
17-2 MCF5407 Alphabetical Signal INdeX .........cooviiiiiiiiiiiiiiiiis s 17-5
17-3 Data Pin ConfigUIatioN ........ccc.ciiiiieiseeee e 17-8
17-4 BUS CycCle Size ENCOUING......ccviiviiiiiiiieie et ne e ane s 17-9
17-5 Bus Cycle Transfer Type ENCOUING ......ccccuuiiiiiiniiiiiiinesiese s 17-10
17-6 TMJ2:0] Encodings for TT = 00 (NOrmal ACCESS) ......ccrveerurrirerireriaeriaereneseerenens 17-10
17-7 TM2 Encoding for DMA as Master (TT = 01) ...cccovviviviiieiniiincneneesese e sesnannenas 17-11
17-8 TM[1:0] Encoding for DMA as Master (TT = 01) ...coovivviiniiiininsnsnsesnsnsesnsnnns 17-11
17-9 TMJ2:0] Encodings for TT = 10 (EMUIAtOr ACCESS) ....cvevrvrrvrerirerieeriaereeereeenenns 17-11
17-10 TMJ2:0] Encodings for TT = 11 (Interrupt Level) .....c.cccovvvviiviiiiiniicicrcececnie 17-12
17-11  Data Pin CONFIQUIALION ...cueiiiiiisiesie e 17-14
17-12 D7 Selection of CSO Automatic ACKNOWIEAQE .........ccovvvvriiiiiceceree e 17-14
17-13 D6 and D5 Selection 0f CSO POt SIZ€ ......cccovvueriieriiensirese s 17-14
17-14  D3/BE_CONFIG, BE[3:0] Boot Configuration ...........c.ccceceeerirnireninnesieninsseeens 17-15
17-15 D4/ADDR_CONFIG, Address Pin ASSINMENL.........ccccoovreivrerieenieenseseeseeseeeenns 17-15
18-1 ColdFire Bus Signal SUMIMAIY ........c.coviiiiiiiiiiiieansesese e s se e ss e sne e sesneans 18-1
18-2 BUS CyCle Size ENCOUING.....cccviiiiiiiiiisiisise sttt snens 18-3
18-3 Accesses by Matches in CSCRS and DACRS ..........oovvrrrinnnreeeeses 18-5
18-4 BUS CYCIE SEALES ...ttt 18-6
18-5 Allowable Line ACCESS PAIEINS .......c.ceiiiriiirieiieee e 18-12
18-6 MCF5407 Arbitration ProtoCol States .........c.coveeiiriiieiiniiieeseeeee 18-20
18-7 ColdFire Bus Arbitration Signal SUMMArY...........cccciiviiviiiiiniinsiesinsinsnsiese s sesnanens 18-21
18-8 Cycles for Basic No-Wait-State External Master ACCESS.........covuvverververveivnivninninnnns 18-23
18-9 Cycles for External Master Burst Line Access to 32-Bit POrt..........ccccoceevvvevrienne. 18-24
18-10 MCF5407 Two-Wire Bus Arbitration Protocol Transition Conditions.................... 18-28
18-11  Three-Wire Bus Arbitration Protocol Transition Conditions ...........cccccevevinerienene. 18-32
18-12  Data Pin CONFIQUIAtION .....c.ovueiieeieeicere e 18-35
19-1 JTAG Pin DESCIHPLIONS ....vviiviiireieciicisee ettt e e e e te et e e e e ta e re e ane e aresne e 19-3
19-2 JTAG INSEIUCTIONS ...ttt 19-5
19-3 IDCODE Bit ASSIGNMENTS.......c.viuiiiieieiirierisieeseeiateseeeseeseseeesseseasesesseseeessessssessssenens 19-6
19-4 Boundary-Scan Bit Definitions..........ccccvcvviiiiiiiieiicr e 19-7
20-1 Absolute MaxXimum RALINGS .....cviiiiiiiiii e 20-1
20-2 OpPErating TeMPEIATUIES. ......c.viverereereeeeeetesiereseereseeesseeesessesesseressesessesessesseseseesessesessens 20-1
20-3 DC Electrical SPeCifiCations........c..ccciviiviiiiiieiesese e reanea 20-2
20-4 Divide Ratio ENCOUINGS ....ocvviviiiiiiiisisise sttt snassasnens 20-4
20-5 Clock Timing SPeCIfiCatiON .......c.cevieiiierciereire s 20-5
20-6 Input AC Timing SPeCITiCatiON.........ccciviiirii e 20-6

@ MOTOROLA Tables XxXiii



TABLES

Table . Page
Number Title Numbger
20-7 Output AC Timing SPECITiCAtION .......ccviviiiiiiiicic s 20-6
20-8 Reset Timing SPeCifiCation...........cvviiiiiiiiiisi s 20-15
20-9 Debug AC Timing SPeCifiCation ............cceveviriiiiiiieie e 20-16
20-10  Timer Module AC Timing SPecifiCation...........ccccveiviiiiiiiiiiiiirssec e 20-17
20-11  1%C Input Timing Specifications between SCL and SDA.........c.cccoovivviviivninsinsnnnnnn, 20-18
20-12  12C Output Timing Specifications between SCL and SDA ............ccoovevvveceverererrnenn. 20-18
20-13  UART Module AC Timing SpecifiCations ...........ccvveiviiiiiiiiiiiisisisesiesnsesesnanens 20-19
20-14  General-Purpose 1/0 Port AC Timing SpecifiCations...........c.ccovvvvviiniviiininsinniininannns 20-22
20-15 DMA AC Timing SPeCifiCatiONS ........ccovierieireiseiese e 20-23
20-16 IEEE 1149.1 (JTAG) AC Timing SpecifiCations .........ccccooeurieiirireieiensccieneeienens 20-24
A-1 Differences between MCF5307 and MCF5407 ..o A-1
A-2 MOVEC CPU Space REGIStEr MaP .......cviueeiiieiieiisicieesreeesse e A-4
A-3 TM[2:1] Encoding for MCF5307 Internal DMA as Master (TT =01) .....c.ccccevevenane. A-4
A-4 TMO Encoding for MCF5307 Internal DMA as Master (TT =01) .....ccoovvvvivvivivnnnnn, A-5
A-5 Divide Ratio ENCOINGS .....covevvieieieieeieesie sttt A-7
A-6 D[7:0] MURIPIEXING ...vtitiiticiecte sttt neene e A-8
A-7 D7/AA, Automatic Acknowledge of BoOt CSO.........ccccvviviiiininiinininiisnscscse e A-9
A-8 D[6:5]/PS[1:0], Port Size 0f BOOt CSO........covviviiiiriiriieiscieesreeee s A-9
A-9 D4/ADDR_CONFIG, Address Pin ASSIGNMENL.........c..cccoviivirieiienieiesesesesnaeseenens A-9
A-10 D3/BE_CONFIG, BE[3:0] Boot Configuration .............ccocuevvnivnvninninsinnnsnsnsinsnsnnnns A-9
A-11  Definition of DRC ENCOAING—WIILE ......cooeiiiieireieeeece e A-13
A-12  Debug C Exception Vector ASSIGNMENTS ........c.ccviviiviiiiiaiireeaesnseseseseseseseanens A-16
A-13  Version 4 Debug C Processor Status ENCOAINGS ......ccoovivvviiiiiiininnisnsnsnsnsnsnnnnns A-17
B-1 SIIM REGISTEIS. ...ttt sttt ste et e e e s te e te e s et et e saeseetesease e eseneeseseeseaseneareneas B-1
B-2 INterrupt Controller REGISIEIS ........viv i ane s B-1
B-3 Chip-SelECE REGISIEIS ... vttt resreane e B-2
B-4 DRAM CoNtroller REGISIEIS ......cviveieerieieieieie et B-3
B-5 General-Purpose TImer REGISIEIS ......cviviiiiiiciei et B-4
B-6 UARTO CONIOl REGISIEIS....viviieiiesiesiesie st sttt sttt sttt sne e e B-4
B-7 UARTL CONtrol REGISEIS. ... veuviiiieiieeeicetesi e e e see s ste s see e saesesne s sseseenenens B-6
B-8 Parallel POrt MemOry Map.......coeoiiiieiese ettt snesne e B-7
B-9 12C INtErfAce MEMOTY MAP..........veeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeseeeeeeseeessseeees e ese e eee s s B-8
B-10  DMA CONtroller REGISIEIS ... ..ivieeieieieisiecee ettt nens B-8

XXXIV MCF5407 User’s Manual @ MOTOROLA



About This Book

The primary objective of this user’s manual is to dePne the functionality of the MCF5407
processors for use by software and hardware developers.

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

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

Audience

This manual is intended for system software and hardware developers and applications
programmers who want to develop products for the MCF5407. It is assumed that the reader
understands operating systems, microprocessor system design, basic principles of software
and hardware, and basic details of the ColdFire architecture.

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

e Chapter 1, “Overview,” includes general descriptions of the modules and features
incorporated in the MCF5407, focussing in particular on new features debned by the
Version 4 (V4) programming model, such as the Harvard memory architecture
implementation, new instructions, and new registers.

« Part I is intended for system designers who need to understand the operation of the
MCF5407 ColdFire core and its multiply/accumulate (MAC) execution unit. It
describes the programming and exception models, Harvard memory
implementation, and debug module.

— Chapter 2, “ColdFire Core,” provides an overview of the microprocessor core of
the MCF5407. The chapter begins with a description of enhancements from the
V3 ColdFire core, and then fully describes the V4 programming model as it is
implemented on the MCF5407. It also includes a full description of exception
handling, data formats, an instruction set summary, and a table of instruction
timings.
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— Chapter 3, “Hardware Multiply/Accumulate (MAC) Unit,” describes the
MCF5407 multiply/accumulate unit, which executes integer multiply,
multiply-accumulate, and miscellaneous register instructions. The MAC is
integrated into the operand execution pipeline (OEP).

— Chapter 4, “Local Memory.” This chapter describes the MCF5407
implementation of the ColdFire V4 local memory specibcation. It consists of the
two following major sections.

— Section 4.2, “SRAM Overview,” describes the MCF5407 on-chip static RAM
(SRAM) implementation. It covers general operations, conbguration, and
initialization. It also provides information and examples showing how to
minimize power consumption when using the SRAM.

— Section 4.7, “Cache Overview,” describes the MCF5407 cache
implementation, including organization, conbguration, and coherency. It
describes cache operations and how the cache interacts with other memory
structures.

— Chapter 5, “Debug Support,” describes the Revision C enhanced hardware debug
support in the MCF5407. This revision of the ColdFire debug architecture
encompasses earlier revisions.

Part 11, “System Integration Module (SIM),” describes the system integration
module, which provides overall control of the bus and serves as the interface
between the ColdFire core processor complex and internal peripheral devices. It
includes a general description of the SIM and individual chapters that describe
components of the SIM, such as the phase-lock loop (PLL) timing source, interrupt
controller for peripherals, conbguration and operation of chip selects, and the
SDRAM controller.

— Chapter 6, “SIM Overview,” describes the SIM programming model, bus
arbitration, and system-protection functions for the MCF5407.

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

— Chapter 8, “I2C Module,” describes the MCF5407 12C module, including 12C
protocol, clock synchronization, and the registers in the 1°C programing model.
It also provides extensive programming examples.

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

— Chapter 10, “Chip-Select Module,” describes the MCF5407 chip-select
implementation, including the operation and programming model, which
includes the chip-select address, mask, and control registers.

— Chapter 11, “Synchronous/Asynchronous DRAM Controller Module,”
describes conbguration and operation of the synchronous/asynchronous DRAM
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controller component of the SIM. It begins with a general description and brief
glossary, and includes a description of signals involved in DRAM operations.
The remainder of the chapter is divided between descriptions of asynchronous
and synchronous operations.

e Part I, “Peripheral Module,” describes the operation and conbguration of the
MCF5407 DMA, timer, UART, and parallel port modules, and describes how they
interface with the system integration unit, described in Part I1.

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

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

— Chapter 14, “UART Modules,” describes the use of the universal
asynchronous/synchronous receiver/transmitters (UARTS) implemented on the
MCF5407 and includes programming examples. Particular attention is given to
the UART1 implementation of a synchronous interface that provides a controller
for an 8- or 16-bit CODEC interface and an audio CODEC ‘97 (AC ’97) digital
interface.

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

» Part IV, “Hardware Interface,” provides a pinout and both electrical and functional
descriptions of the MCF5407 signals. It also describes how these signals interact to
support the variety of bus operations shown in timing diagrams.

— Chapter 16, “Mechanical Data,” provides a functional pin listing and package
diagram for the MCF5407.

— Chapter 17, “Signal Descriptions,” provides an alphabetical listing of MCF5407
signals. This chapter describes the MCF5407 signals. In particular, it shows
which are inputs or outputs, how they are multiplexed, which signals require
pull-up resistors, and the state of each signal at reset.

— Chapter 18, “Bus Operation,” describes data transfers, error conditions, bus
arbitration, and reset operations. It describes transfers initiated by the MCF5407
and by an external bus master, and includes detailed timing diagrams showing
the interaction of signals in supported bus operations. Note that Chapter 11,
“Synchronous/Asynchronous DRAM Controller Module,” describes DRAM
cycles.

— Chapter 19, “IEEE 1149.1 Test Access Port (JTAG),” describes conbguration
and operation of the MCF5407 JTAG test implementation. It describes the use of
JTAG instructions and how to disable JTAG functionality.
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— Chapter 20, “Electrical Specibcations,” describes AC and DC electrical
specibcations and thermal characteristics for the MCF5407. Because additional
speeds may have become available since the publication of this book, consult
Motorola’s ColdFire web page, http://www.motorola.com/coldbre, to conbrm
that this is the latest information.

This manual includes the following two appendixes:

* Appendix A, “Migrating from the ColdFire MCF5307 to the MCF5407,” highlights
the differences between the MCF5307B and MCF5407. Users of the MCF5307 and
MCF5307A should use this document in conjunction with the MCF5307 User's
Manual Mask Set AddenduFfor additional information, see the MCF5407
Integrated ColdFire Microprocessor Product Brief

« Appendix B, “List of Memory Maps,” lists the entire address-map for MCF5407
memory-mapped registers.

This manual also includes a glossary and an index.

Suggested Reading

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

General Information

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

ColdFire Documentation

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

* ColdFire Programmers Reference Manual, R(MLF5200PRM/AD)

» User’s manuals—These books provide details about individual ColdFire
implementations and are intended to be used in conjunction with The ColdFire
Programmers Reference Manu@hese include the following:

— ColdFire MCF5102 User’'s ManugMCF5102UM/AD)
— ColdFire MCF5202 User’'s ManugMCF5202UM/AD)
— ColdFire MCF5204 User’'s ManugMCF5204UM/AD)
— ColdFire MCF5206 User’'s ManugMCF5206EUM/AD)
— ColdFire MCF5206E User’'s ManugMCF5206EUM/AD)
— ColdFire MCF5307 User's Manué@MCF5307UM/AD)
» ColdFire Programmers Reference Manual, RIMLCF5200PRM/AD)
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Conventions

e Using Microprocessors and Microcomputers: The Motorola Farwiiyliam C.
Wray, Ross Bannatyne, Joseph D. Greenbeld

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

Conventions
This document uses the following notational conventions:

MNEMONICS
mnemonics

italics

0x0
0b0

REG[FIELD]

nibble
byte
word
longword

X
n

-

&
|

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

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

Prebx to denote hexadecimal number
Prebx to denote binary number

Abbreviations for registers are shown in uppercase. Specibc bits,
Pelds, or ranges appear in brackets. For example, RAMBAR[BA]
identibes the base address Peld in the RAM base address register.

A 4-Dbit data unit

An 8-bit data unit

A 16-bit data unit

A 32-bit data unit

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

NOT logical operator

AND logical operator

OR logical operator

Acronyms and Abbreviations

Table i lists acronyms and abbreviations used in this document.

Table i. Acronyms and Abbreviated Terms

Term Meaning
ADC Analog-to-digital conversion
ALU Arithmetic logic unit
AVEC Autovector
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Acronyms and Abbreviations

Table i. Acronyms and Abbreviated Terms (Continued)

Term Meaning
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 Multiple accumulate unit
MBAR Memory base address register
MSB Most-significant byte
mshb Most-significant bit
Mux Multiplex
NOP No operation
OEP Operand execution pipeline
PC Program counter
PCLK Processor clock
PLL Phase-locked loop
PLRU Pseudo least recently used

x|
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Terminology and Notational Conventions

Table i. Acronyms and Abbreviated Terms (Continued)

Term Meaning
POR Power-on reset
PQFP Plastic quad flat pack
RISC Reduced instruction set computing
Rx Receive
SIM System integration module
SOF Start of frame
TAP Test access port
TTL Transistor-to-transistor logic
Tx Transmit
UART Universal asynchronous/synchronous receiver transmitter

Terminology and Notational Conventions

Table ii shows notational conventions used throughout this document.

Table ii Notational Conventions

Instruction ‘ Operand Syntax

Opcode Wildcard

cc ‘ Logical condition (example: NE for not equal)
Register Specibcations

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)
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Terminology and Notational Conventions

Table ii Notational Conventions (Continued)

Instruction Operand Syntax

Register Names

ACC MAC accumulator register
CCR Condition code register (lower byte of SR)
MACSR MAC status register
MASK MAC mask register
PC Program counter
SR Status register

Port Name

PSTDDATA Processor status/debug data port

Miscellaneous Operands

#<data> Immediate data following the 16-bit operation word of the instruction
<ea> Effective address
<ea>y,<ea>Xx | 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 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
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Table ii Notational Conventions (Continued)

Instruction Operand Syntax

/ Arithmetic division

~ Invert; operand is logically complemented

& Logical AND

| Logical OR

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

Source operand is moved to destination operand

Two operands are exchanged

sign-extended

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

If <condition>

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

then optional ‘else’ clause is present, the operations after ‘else’ are performed. If the condition is false
<operations> | and else is omitted, the instruction performs no operation. Refer to the Bcc instruction description
else as an example.
<operations>
Subbelds and Qualibers
{ Optional operation
0 Identifies an indirect address
dy Displacement value, n-bits wide (example: dg is a 16-bit displacement)
Address Calculated effective address (pointer)
Bit Bit selection (example: Bit 3 of DO)
Isb Least significant bit (example: Isb of DO)
LSB Least significant byte
LSW Least significant word
msb Most significant bit
MSB Most significant byte
MSW Most significant word
Condition Code Register Bit Names
C Carry
N Negative
\Y Overflow
X Extend
z Zero
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Chapter 1
Overview

This chapter is an overview of the MCF5407 ColdFire® processor. It includes general
descriptions of the modules and features incorporated in the MCF5407, focusing in
particular on new features debPned by the Version 4 (V4) programming model, such as the
Harvard memory architecture implementation, new instructions, and new registers.

1.1 Features

The MCF5407 integrated microprocessor combines a V4 ColdFire processor core with the
following components, as shown in Figure 1-1:

Harvard architecture memory system with 16-Kbyte instruction cache and 8-Kbyte
data cache

Two, 2-Kbyte on-chip SRAMs

Integer/fractional multiply-accumulate (MAC) unit

Divide unit

System debug interface

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

Two general-purpose timers

Two UARTS, one that supports synchronous operations

12C™ interface
Parallel 1/O interface
System integration module (SIM)

Designed for embedded control applications, the MCF5407 delivers 233 Dhrystone MIPS
at 162 MHz while minimizing system costs.
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Figure 1-1. MCF5407 Block Diagram
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Features common to many embedded applications, such as DMASs, various DRAM
controller interfaces, and on-chip memories, are integrated using advanced process
technologies.

The MCF5407 extends the legacy of Motorola’s 68K family by providing a compatible path
for 68K and ColdFire customers in which development tools and customer code can be
leveraged. In fact, customers moving from 68K to ColdFire can use code translation and
emulation tools that facilitate modifying 68K assembly code to the ColdFire architecture.
The package, pinout, and integration mix of the MCF5407 create an especially simple
upgrade for current MCF5307 designs with over triple the system performance.

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

By using a variable-length instruction set architecture, embedded system designers using
ColdFire RISC processors enjoy signibcant advantages over conventional bxed-length
RISC architectures. The denser binary code for ColdFire processors consumes less memory
than many Pxed-length instruction set RISC processors available. This improved code
density means more efbcient system memory use for a given application and allows use of
slower, less costly memory to help achieve a target performance level.

The MCF5407 is the brst standard product to implement the Version 4 ColdFire
microprocessor core. The V4 microarchitecture implements a number of advanced
techniques, including a Harvard memory architecture, branch cache acceleration logic, and
limited superscalar support (dual-instruction issue), which contribute to the 233 Dhrystone
MIPS performance level. Increasing the internal speed of the core also allows higher
performance while providing the system designer with an easy-to-use lower speed system
interface. The processor complex frequency is an integer multiple, 3 to 6 times, of the
external bus frequency. The core clock can be stopped to support a low-power mode.

Serial communication channels are provided by an I°C interface module and two
programmable full-duplex UARTS, one of which provides synchronous communications
for soft-modem applications. Four channels of DMA allow for fast data transfer using a
programmable burst mode independent of processor execution. The two 16-bit
general-purpose multimode timers provide separate input and output signals. For system
protection, the processor includes a programmable 16-bit software watchdog timer. In
addition, common system functions such as chip selects, interrupt control, bus arbitration,
and an IEEE 1149.1 JTAG module are included.A sophisticated debug interface supports
background-debug mode plus real-time trace and debug with an expanded set of on-chip
breakpoint registers. This interface is present in all ColdFire standard products and allows
common emulator support across the entire family of microprocessors.
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1.2 MCF5407 Features

The following list summarizes MCF5407 features:

1-4

ColdFire processor core
— Variable-length RISC, clock-multiplied Version 4 microprocessor core

— Implementation of Revision B of the ColdFire instruction set architecture (ISA),
which leverages the 68K programming model

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

— Ten-instruction FIFO buffer provides decoupling between the pipelines

— Limited superscalar design achieves performance levels close to dual-issue
performance

— Programmable two-level branch acceleration mechanism with an 8-entry branch
cache plus a 128-entry prediction table for increased performance

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

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

— Supervisor/user modes for system protection

— Vector base register to relocate exception-vector table

— Optimized for high-level language constructs

Multiply and accumulate unit (MAC)

— High-speed, complex arithmetic processing for DSP applications

— Tightly coupled to the OEP

— Three-stage execute pipeline with one clock issue rate for 16 x 16 operations
— 16 x 16 and 32 x 32 multiplies support, all with 32-bit accumulate

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

— Unsigned and signed integer divide support

— Tightly coupled to the OEP

— 32/16 and 32/32 operation support producing quotient and/or remainder results
16-Kbyte instruction cache, 8-Kbyte data cache

— Four-way set-associative organization

— Operates at higher processor core frequency

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

— Data cache supports write-through and copyback modes

— Four-entry, 32-bit store buffer to improve performance of operand writes
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¢ Two, 2-Kbyte SRAMs
— Programmable location anywhere within 4-Gbyte linear address space
— Higher core-frequency operation
— Pipelined, single-cycle access to critical code or data
— Each block mappable to either the instruction or data operand bus
« DMA controller

— Four fully programmable channels: two support external requests and external
acknowledges

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

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

— Up to 512 Mbytes of DRAM

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

— Support for two separate memory blocks
e Two UARTS

— One UART offers synchronous mode with expanded buffers for soft modem
support

— Full-duplex operation
— Programmable clock
— Modem control signals available (CTS, RTS)
— Processor-interrupt capability
« Dual 16-bit general-purpose multiple-mode timers
— 8-bit prescaler
— Timer input and output pins
— Processor-interrupt capability
— Up to 18.5-nS resolution at 54 MHz
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1-6

12C module

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

— Fully compatible with industry-standard 12C bus

— Master or slave modes support multiple masters

— Automatic interrupt generation with programmable level
System interface module (SIM)

— Chip selects provide direct interface to 8-, 16-, and 32-bit SRAM, ROM,
FLASH, and memory-mapped 1/0 devices

— Eight fully programmable chip selects, each with a base address register
— Programmable wait states and port sizes per chip select

— User-programmable processor clock/input clock frequency ratio

— Programmable interrupt controller

— Low interrupt latency

— Four external interrupt request inputs

— Programmable autovector generator

— Software watchdog timer

16-bit general-purpose 1/0 interface

IEEE 1149.1 test (JTAG) module

System debug support

— Real-time trace for determining dynamic execution path while in emulator mode
— Background debug mode (BDM) for debug features while halted

— Real-time debug support, including 13 user-visible hardware breakpoint
registers supporting 8 separate breakpoints

— Supports servicing of critical, real-time interrupt requests while the BDM is in
emulator mode

— Supports comprehensive emulator functions through trace and breakpoint logic
On-chip PLL

— Accepts various clock input (CLKIN) frequencies between 25 and 54 MHz

— Supports core frequencies between 100 and 162 MHz

— Supports low-power mode

Product offerings

— 233 Dhrystone MIPS at 162 MHz

— Implemented in 0.22 |, quad-layer-metal process technology with 1.8-V
operation (3.3-V compliant I/O pads)

— 208-pin plastic QFP package
— 0°-70° C operating temperature
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1.2.1 Process

The MCF5407 is manufactured in a 0.22-p CMOS process with quad-layer-metal routing
technology. This process combines the high performance and low power needed for
embedded system applications. Inputs are 3.3-V tolerant; outputs are CMOS or open-drain
CMOS with outputs operating from VDD + 0.5 V to GND - 0.5 V, with guaranteed
TTL-level specibcations.

1.3 ColdFire Module Description

The following sections provide overviews of the various modules incorporated in the
MCF5407.

1.3.1 ColdFire Core

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

1.3.1.1 Instruction Fetch Pipeline (IFP)

The four-stage instruction fetch pipeline (IFP) is designed to prefetch instructions for the
operand execution pipeline (OEP). Because the fetch and execution pipelines are decoupled
by a ten-instruction FIFO buffer, the fetch mechanism can prefetch instructions in advance
of their use by the OEP, thereby minimizing the time stalled waiting for instructions. To
maximize the performance of conditional branch instructions, the \ersion 4 IFP
implements a sophisticated two-level acceleration mechanism.

The brst level is an 8-entry, direct-mapped branch cache with a 2-bit prediction state
(strongly/weakly, taken/not-taken) for each entry. The branch cache implements instruction
folding techniques. These allow conditional branch instructions that are predicted correctly
as taken to execute in zero cycles.

For those conditional branches with no information in the branch cache, a second-level,
direct-mapped prediction table containing 128 entries is accessed. Again, each entry uses
the same 2-bit prediction state debnition as the branch cache. This branch prediction state
is then used to predict the direction of prefetched conditional branch instructions.

Other change-of-Bow instructions, including unconditional branches, jumps, and
subroutine calls, use a similar mechanism where the IFP calculates the target address. The
performance of subroutine return instructions is improved through the use of a four-entry,
LIFO return stack.

In all cases, these mechanisms allow the IFP to redirect the fetch stream down the path
predicted to be taken well in advance of the actual instruction execution. The result is
signibcantly improved performance.
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1.3.1.2 Operand Execution Pipeline (OEP)

The prefetched instruction stream is gated from the FIFO buffer into the pve-stage OEP.
The OEP consists of two, traditional two-stage RISC compute engines with a register ble
access feeding an arithmetic/logic unit (ALU). The compute engine located at the top of the
OEP is typically used for operand memory address calculations (the address ALU), while
the compute engine located at the bottom of the pipeline is used for instruction execution
(the execution ALU). The resulting structure provides 3.9 Gbytes/S data operand
bandwidth at 162 MHz to the two compute engines and supports single-cycle execution
speeds for most instructions, including all load, store, and most embedded-load operations.
In response to users and developers’ comments, the V4 design supports execution of the
ColdFire Revision B instruction set, which adds a small number of new instructions to
improve performance and code density.

The OEP also implements two advanced performance features. It dynamically determines
the appropriate location of instruction execution (either in the address ALU or the execution
ALU) based on the pipeline state. The address compute engine, in conjunction with register
renaming resources, can be used to execute a number of heavily-used opcodes and forward
the results to subsequent instructions without any pipeline stalls. Additionally, the OEP
implements instruction folding techniques involving MOVE instructions so that two
instructions can be issued in a single machine cycle. The resulting microarchitecture
approaches the performance of a full superscalar implementation, but at a much lower
silicon cost.

1.3.1.3 MAC Module

The MAC unit provides signal processing capabilities for the MCF5407 in a variety of
applications including digital audio and servo control. Integrated as an execution unit in the
processor’s OEP, the MAC unit implements a three-stage arithmetic pipeline optimized for
16 x 16 multiplies. Both 16- and 32-bit input operands are supported by this design in
addition to a full set of extensions for signed and unsigned integers, plus signed, bxed-point
fractional input operands.

1.3.1.4 Integer Divide Module

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

1.3.2 Harvard Architecture

A Harvard memory architecture implements separate instruction and data buses to the
processor-local memories, removing conRicts between instruction fetches and operand
accesses.
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1.3.2.1 16-Kbyte Instruction Cache/8-Kbyte Data Cache

The MCF5407 Harvard architecture includes a 16-Kbyte instruction cache and an 8-Kbyte
data cache. These four-way, set-associative caches provide pipelined, single-cycle access
on cached instructions and operands.

As with all ColdFire caches, the cache controllers implement a non-lockup, streaming
design. The use of processor-local memories decouples performance from external
memory speeds and increases available bandwidth for external devices or the on-chip
4-channel DMA.

Both caches implement line-Pll buffers to optimize 16-byte line burst accesses.
Additionally, the data cache supports copyback, write-through, or cache-inhibited modes.
A 4-entry, 32-bit buffer is used for cache line push operations and can be conbgured for
deferred write buffering in write-through or cache-inhibited modes.

The INTOUCH instruction can be used to prefetch instructions that, when used with the
cache locking feature, cannot be displaced from the instruction cache by instruction cache
misses. This function may be desirable in systems where deterministic real-time
performance is critical.

1.3.2.2 Internal 2-Kbyte SRAMs

Two 2-Kbyte on-chip SRAM modules are also connected to the Harvard memory
architecture and provide pipelined, single-cycle access to memory regions mapped to these
devices. Each memory can be independently mapped to any 0-modulo-2K location in the
4-Gbyte address space and can be conbgured either for instruction or data accesses.
Time-critical functions can be mapped onto the instruction memory bus, while the system
stack or heavily-referenced data operands can be mapped onto the data bus.

1.3.3 DRAM Controller

The MCF5407 DRAM controller provides a direct interface for up to two blocks of DRAM.
The controller supports 8-, 16-, or 32-bit memory widths and can easily interface to PC-100
DIMMs. A unique addressing scheme allows for increases in system memory size without
rerouting address lines and rewiring boards. The controller operates in normal mode or in
page mode and supports SDRAMSs and EDO DRAMs.

1.3.4 DMA Controller

The MCF5407 provides four fully programmable DMA channels for quick data transfer.
Dual- and single-address modes support bursting and cycle steal. Data transfers are 32 bits
long with packing and unpacking supported along with an auto-alignment option for
efbcient block transfers. Automatic block transfers from on-chip serial UARTS are also
supported through the DMA channels.
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1.3.5 UART Modules

The MCF5407 contains two UARTS, which function independently. One UART has been
enhanced to provide synchronous operation and a CODEC interface for soft modem
support. Either UART can be clocked by the system bus clock, eliminating the need for an
external crystal. Each UART module interfaces directly to the CPU, as shown in Figure 1-2.

UART
l«—— CTS
Internal Channel Serial ”TS
i —>
Control Logic Communications
hannel l«—— RxD
——» TXD
System Integration
Programmable CLKIN
Moﬂl:;rf’;t'\/') Intemlj_gtg i((Z:ontrol Clock o
Controller Generation External clock (TIN)

Figure 1-2. UART Module Block Diagram

Each UART module consists of the following major functional areas:

 Serial communication channel
» 16-bit divider for clock generation
 Internal channel control logic
 Interrupt control logic
UARTL1 is enhanced to provide a CODEC interface for soft modem support. UART1 can be
programmed to function like UARTO or in one of following modem modes:
* An 8-bit CODEC interface
* A 16-bit CODEC interface
e Anaudio CODEC ’97 (AC97) digital interface controller
Each UART contains an programmable clock-rate generator. Data formats can be 5, 6, 7,
or 8 bits with even, odd, or no parity, and up to 2 stop bits in 1/16 increments. The UARTSs
include the following transmit and receive FIFO buffers:
* UARTO has a 4-byte FIFO receive buffer and a 2-byte FIFO transmit buffer.
e In UARTY, the Tx and Rx FIFOs can hold the following:
— 32 1-byte samples when programmed as a UART or as an 8-bit CODEC interface
— 16 2-byte samples when programmed as a 16-bit CODEC interface
— 16 20-bit samples when programmed as a Digital AC *97 Controller

The UART modules also provide several error-detection and maskable-interrupt
capabilities. Modem support includes request-to-send (RTS) and clear-to-send (CTS) lines.

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

1.3.6 Timer Module

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

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

1.3.7 1°C Module

The 12C interface is a two-wire, bidirectional serial bus used for quick data exchanges
between devices. The I2C minimizes the interconnection between devices in the end system
and is best suited for applications that need occasional bursts of rapid communication over
short distances among several devices. The 12C can operate in master, slave, or
multiple-master modes.

1.3.8 System Interface

The MCF5407 processor provides a direct interface to 8-, 16-, and 32-bit FLASH, SRAM,
ROM, and peripheral devices through the use of fully programmable chip selects and write
enables. Support for burst ROMs is also included. Through the on-chip PLL, users can
input a slower clock (25 to 54 MHz) that is internally multiplied to create the faster
processor clock (100 to 162 MHz).

1.3.8.1 External Bus Interface

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

Simple two-wire request/acknowledge bus arbitration between the MCF5407 processor
and another bus master, such as an external DMA device, is glueless with arbitration logic
internal to the MCF5407 processor. Multiple-master arbitration is also available with some
simple external arbitration logic.

1.3.8.2 Chip Selects

Eight fully programmable chip select outputs support the use of external memory and
peripheral circuits with user-dePned wait-state insertion. These signals interface to 8-, 16-,
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or 32-bit ports. The base address, access permissions, and internal bus transfer terminations
are programmable with conbguration registers for each chip select. CSO also provides
global chip select functionality of boot ROM upon reset for initializing the MCF5407.

1.3.8.3 16-Bit Parallel Port Interface

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

1.3.8.4 Interrupt Controller

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

1.3.8.5 JTAG

To help with system diagnostics and manufacturing testing, the MCF5407 processor
includes dedicated user-accessible test logic that complies with the IEEE 1149.1a standard
for boundary-scan testability, often referred to as the Joint Test Action Group, or JTAG. For
more information, refer to the IEEE 1149.1a standard.

1.3.9 System Debug Interface

The ColdFire processor core debug interface is provided to support system debugging in
conjunction with low-cost debug and emulator development tools. Through a standard
debug interface, users can access real-time trace and debug information. This allows the
processor and system to be debugged at full speed without the need for costly in-circuit
emulators. The debug unit in the MCF5407 is a compatible upgrade to the MCF52xx and
MCF53xx debug modules with added breakpoint registers and support for I/O interrupt
request servicing while in emulator mode.

The on-chip breakpoint resources include a total of 13 programmable registers—two sets
of address registers (each with two 32-bit registers), two sets of data registers (each with a
32-bit data register plus a 32-bit data mask register), one 32-bit PC register plus a 32-bit PC
mask register and three additional 32-bit PC registers. These registers can be accessed
through the dedicated debug serial communication channel or from the processor’s
supervisor mode programming model. The breakpoint registers can be conbgured to
generate triggers by combining the address, data, and PC conditions in a variety of single
or dual-level debnitions. The trigger event can be programmed to generate a processor halt
or initiate a debug interrupt exception.

The MCF5407’s new interrupt servicing options during emulator mode allow real-time
critical interrupt service routines to be serviced while processing a debug interrupt event,
thereby ensuring that the system continues to operate even during debugging.
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To support program trace, the Version 4 debug module has combined the processor status
and debug data outputs into a single 8-bit bus (PSTDDATA[7:0]). This bus and the
PSTCLK output provide execution status, captured operand data, and branch target
addresses debPning processor activity at one-half the CPU’s clock rate.

1.3.10 PLL Module
The MCF5407 PLL module is shown in Figure 1-3.

CLKIN (to on-chip peripherals)
BCLKO

CLKIN PCLK (to core)

DIVIDE[2:0] — | PLL DEbugJé/lOduIe

RSTI —3»| —» RSTO

PSTCLK (= PCLK/2)
Figure 1-3. PLL Module

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

« Reset mode—When RSTI is asserted, the PLL enters reset mode. At reset, the PLL
asserts RSTO from the MCF5407. The core:bus frequency ratio and other MCF5407
conbguration information are sampled during reset.

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

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

1.4 Programming Model, Addressing Modes, and

Instruction Set
The ColdFire programming model has two privilege levels—supervisor and user. The S bit
in the status register (SR) indicates the privilege level. The processor identibes a logical

address that differentiates between supervisor and user modes by accessing either the
supervisor or user address space.
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1-14

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

Supervisor mode—This mode protects system resources from uncontrolled access
by users. In supervisor mode, complete access is provided to all registers and the
entire ColdFire instruction set. Typically, system programmers use the supervisor
programming model to implement operating system functions and provide 1/0
control. The supervisor programming model provides access to the same registers as
the user model, plus additional registers for conbguring on-chip system resources,
as described in Section 1.4.3, “Supervisor Registers.”

Exceptions (including interrupts) are handled in supervisor mode.
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1.4.1 Programming Model
Figure 1-4 shows the MCF5407 programming model.

31 0
[ DO Data registers
D1
D2
D3
D4
D5
D6
D7
31 0
g A0 Address registers
%) Al
5 A2
© A3
§ 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
[ 31 [ T (CCR)|SR Status register
g I Must be zeros | VBR Vector base register
° CACR Cache control register
54 ACRO Access control register 0 (data)
% ACR1 Access control register 1 (data)
2 ACR2 Access control register 2 (instruction)
g ACR3 Access control register 3 (instruction)
=3 RAMBARO RAM 0 base address register
n RAMBAR1 RAM 1 base address register
MBAR Module base address register

Figure 1-4. ColdFire MCF5407 Programming Model

1.4.2 User Registers

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

Register Description
Data registers These 32-bit registers are for bit, byte, word, and longword operands. They can also be used as
(DO-D7) index registers.

Address registers | These 32-bit registers serve as software stack pointers, index registers, or base address
(A0-A7) registers. The base address registers can be used for word and longword operations. A7
functions as a hardware stack pointer during stacking for subroutine calls and exception handling.
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Table 1-1. User-Level Registers (Continued)

Register

Description

Program counter
(PC)

Contains the address of the instruction currently being executed by the MCF5407 processor

Condition code
register (CCR)

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

MAC status
register (MACSR)

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

Accumulator

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

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

1.4.3 Supervisor Registers

Table 1-2 summarizes the MCF5407 supervisor-level registers.

Table 1-2. Supervisor-Level Registers

Register

Description

Status register (SR)

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

Vector base register
(VBR)

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

Cache configuration
register (CACR)

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

Access control
registers (ACRO/1,
ACR2/3)

Define address ranges and attributes associated with various memory regions within the 4-Gbyte
address space. Each ACR defines the location of a given memory region and assigns attributes
such as write-protection and cache mode (copyback, write-through, cacheability). ACRO and
ACR1 support data memory; ACR2 and ACR3 support instruction memory. Additionally, CACR
fields assign default attributes to the instruction and data memory spaces.

RAM base address
registers (RAMBARO,
RAMBARL1)

Provide the logical base address for the two 2-Kbyte SRAM modules and define attributes and
access types allowed for the corresponding SRAM.

Module base address
register (MBAR)

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

1.4.4 Instruction Set

The Version 4 ColdFire core implements Revision B of the instruction set, which adds
opcodes to enhance support for byte- and word-sized operands and position-independent
code. The ColdFire instruction set supports high-level languages and is optimized for those
instructions most commonly generated by compilers in embedded applications. Table 2-8
provides an alphabetized listing of the ColdFire instruction set opcodes, supported
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operation sizes, and assembler syntax. For two-operand instructions, the brst operand is
generally the source operand and the second is the destination.

Because the ColdFire architecture provides an upgrade path for 68K customers, its
instruction set supports most of the common 68K opcodes. A majority of the instructions
are binary compatible or optimized 68K opcodes. This feature, when coupled with the code
conversion tools from third-party developers, generally minimizes software porting issues
for customers with 68K applications.

The following list summarizes new and enhanced instructions of Revision B ISA:

« New instructions:
— INTOUCH loads blocks of instructions to be locked in the instruction cache.
— MOV3Q.L moves 3-bit immediate data to destination location.
— MVS.{B,W} sign-extends the source operand and moves it to destination

register.

— MVZ.{B,W?} zero-blls the source operand and moves it to destination register.
— SATS.L updates bit 31 of destination register depending on CCR overf3ow bit.
— TAS.B tests and set byte operand being addressed.

« Enhancements to existing Revision A instructions:
— Longword support for branch instructions (Bcc, BRA, BSR)
— Byte and word support for compare instructions (CMP, CMPI)

— Byte and longword support for MOVE.x where the source is of type #<data> and
the destination is of type d16(Ax); that is, move.b #<data>, d16(Ax)
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Part |
MCF5407 Processor Core

Intended Audience

Part | is intended for system designers who need a general understanding of the
functionality supported by the MCF5407. It also describes the operation of the MCF5407
ColdFire core and its multiply/accumulate (MAC) execution unit. It describes the
programming and exception models, Harvard memory implementation, and debug module.

Contents

Chapter 2, “ColdFire Core,” provides an overview of the microprocessor core of the
MCF5407. The chapter begins with a description of enhancements from the V3
ColdFire core, and then fully describes the V4 programming model as it is
implemented on the MCF5407. It also includes a full description of exception
handling, data formats, an instruction set summary, and a table of instruction
timings.

Chapter 3, “Hardware Multiply/Accumulate (MAC) Unit,” describes the MCF5407
multiply/accumulate unit, which executes integer multiply, multiply-accumulate,
and miscellaneous register instructions. The MAC is integrated into the operand
execution pipeline (OEP).

Chapter 4, “Local Memory.” This chapter describes the MCF5407 implementation
of the ColdFire V4 local memory specibcation. It consists of the two following
major sections.

— Section 4.2, “SRAM Overview,” describes the MCF5407 on-chip static RAM
(SRAM) implementation. It covers general operations, conbguration, and
initialization. It also provides information and examples showing how to
minimize power consumption when using the SRAM.

— Section 4.7, “Cache Overview,” describes the MCF5407 cache implementation,
including organization, conbguration, and coherency. It describes cache
operations and how the cache interacts with other memory structures.
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e Chapter 5, “Debug Support,” describes the Revision C enhanced hardware debug
support in the MCF5407. This revision of the ColdFire debug architecture
encompasses earlier revisions.

Suggested Reading

The following literature may be helpful with respect to the topics in Part I:

* ColdFire Programmers Reference Manual, R(MLF5200PRM/AD)

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

Acronyms and Abbreviations

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

Table I-i. Acronyms and Abbreviated Terms

Term Meaning
ADC Analog-to-digital conversion
ALU Arithmetic logic unit
BDM Background debug mode
BIST Built-in self test
BSDL Boundary-scan description language
CODEC Code/decode
DAC Digital-to-analog conversion
DMA Direct memory access
DSP Digital signal processing
EA Effective address
EDO Extended data output (DRAM)
FIFO First-in, first-out
GPIO General-purpose /0
1’c Inter-integrated circuit
IEEE Institute for Electrical and Electronics Engineers
IFP Instruction fetch pipeline
IPL Interrupt priority level
JEDEC Joint Electron Device Engineering Council
JTAG Joint Test Action Group
LIFO Last-in, first-out
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Table I-i. Acronyms and Abbreviated Terms (Continued)

Term Meaning
LRU Least recently used
LSB Least-significant byte
Isb Least-significant bit
MAC Multiple accumulate unit
MBAR Memory base address register
MSB Most-significant byte
mshb Most-significant bit
Mux Multiplex
NOP No operation
OEP Operand execution pipeline
PC Program counter
PCLK Processor clock
PLL Phase-locked loop
PLRU Pseudo least recently used
POR Power-on reset
PQFP Plastic quad flat pack
RISC Reduced instruction set computing
Rx Receive
SIM System integration module
SOF Start of frame
TAP Test access port
TTL Transistor-to-transistor logic
Tx Transmit
UART Universal asynchronous/synchronous receiver transmitter
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Chapter 2
ColdFire Core

This chapter provides an overview of the microprocessor core of the MCF5407. The
chapter begins with a description of enhancements from the Version 3 (V3) ColdFire core,
and then fully describes the V4 programming model as it is implemented on the MCF5407.
It also includes a full description of exception handling, data formats, an instruction set
summary, and a table of instruction timings.

2.1 Features and Enhancements

The MCF5407 is the brst standard product to contain a Version 4 ColdFire microprocessor
core. To create this next-generation, high-performance core, many advanced
microarchitectural techniques were implemented. Most notable are a Harvard memory
architecture, branch cache acceleration logic, and limited superscalar dual-instruction issue
capabilities, which together provide 233 (Dhrystone 2.1) MIPS performance at 162 MHz.

The MCF5407 core design emphasizes performance and backward compatibility, and
represents the next step on the ColdFire performance roadmap.
The following list summarizes MCF5407 features:

e Variable-length RISC, clock-multiplied Version 4 microprocessor core

» Revision B of the ColdFire instruction set architecture provides new instructions to
improve performance and code density

« Two independent, decoupled pipelines—four-stage instruction fetch pipeline (IFP)
and bve-stage operand execution pipeline (OEP) for increased performance of
conditional branch instructions

» Ten-instruction FIFO buffer provides decoupling between the pipelines
« Limited superscalar design approaches dual-issue performance

» Sophisticated two-level branch acceleration mechanism with a branch cache plus a
prediction table for increased performance of conditional Bcc instructions

e 32-bit internal address bus supporting 4 Gbytes of linea