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Freescale Semiconductor, Inc.

PREFACE

The complete documentation package for the MC68040, MC68040V, MC68LC040,
MC68EC040, and MC68EC040V (collectively called M68040) consists of the
M68040UM/AD, M68040 User’s Manual, and the M68000PM/AD, M68000 Family
Programmer’s Reference Manual. The M68040 User’s Manual describes the capabilities,
operation, and programming of the M68040 32-bit third-generation microprocessors. The
M68000 Family Programmer’s Reference Manual contains the complete instruction set for
the M68000 family.

The introduction of this manual includes general information concerning the MC68040 and
summarizes the differences between the M68040 member devices. Additionally, three
appendices provide detailed information on how these M68040 dirivatives operate
differently from the MC68040. For detailed information on one of these M68040
dirivatives, use the following table to determine which appendices to read in conjunction
with the rest of this manual.

Device Number Appendices

MC68040V Appendix A MC68LC040 and Appendix C MC68040V and MC68EC040V
MC68LC040 Appendix A MC68LC040

MC68EC040 Appendix B MC68EC040

MC68EC040V Appendix B MC68EC040 and Appendix C MC68040V and MC68EC040V

When reading this manual, remember to disregard information concerning floating-point
in reference to the MC68040V and MC68LC040, and to disregard information concerning
floating-point and memory management in reference to the MC68EC040 and
MCG68EC040V. The organization of this manual is as follows:

Section 1 Introduction

Section 2 Integer Unit

Section 3 Memory Management Unit (Except MC68EC040 and MC68EC040V)
Section 4 Instruction and Data Caches

Section 5 Signal Description

Section 6 IEEE 1149.1 Test Access Port (JTAG)

Section 7 Bus Operation

Section 8 Exception Processing

Section 9 Floating-Point Unit (MC68040)

Section 10 Instruction Timings

Section 11 MC68040 Electrical and Thermal Characteristics
Section 12 Ordering Information and Mechanical Data

Appendix A MC68LC040

Appendix B MC68EC040

Appendix C MC68040V and MC68EC040V
Appendix D M68000 Family Summary

Appendix E Floating-Point Emulation (M68040FPSP)
Index

iv M68040 USER’S MANUAL MOTOROLA
For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

Paragraph Page
Number Title Number
Section 1
Introduction
1.1 DIffErENCES ..t et 1-1
111 MC68040V and MCB8LCOM0 .........uuvrreerieiieeeeeeeeeee ceeeeeisnnsreeeeeneees 1-1
1.1.2 MCG68EC040 and MCBBECOAQV .........uuvuiiieiieiiiiiiaiaees ereeeinnnsnnennnene 1-2
1.2 FRALUIES ... e e 1-3
1.3 Extensions to the M68000 Family ............cceviiiiiiiiiiiiiiin e 1-3
1.4 FUNCLIONAl BIOCKS ...t e 1-3
15 ProCessing STALES .....ooviiiiiiiiieie e e 1-5
1.6 Programming MOEl ..........uiiiiiiii i e 1-5
1.7 Data Format SUMMAIY .......coouuiiiiiii et et 1-9
1.8 Addressing CapabilitieS SUMMAIY ........cccccuuiiiiiiiiiiie s 1-9
1.9 Notational CONVENLIONS ...........uuiiiiiiiiiiiiiiiiies e 1-11
1.10 INSLrUCION SEt OVEIVIEW ....euuiiiiiiii et ettt eeeeeeaeees 1-13
Section 2
Integer Unit

2.1 Integer UNit PIPEIINE ..o e 2-1
2.2 Integer Unit Register DeSCIPLION .......ccccciiiiiiiiiiiiieieie e 2-4
2.2.1 Integer Unit User Programming Model ...............ccoviiiiiiiiiiie e, 2-4
2211 Data RegiSters (D7—DO0) .......cuuuuuuiiiiiiieeeeeeeeee e 2-4
2.2.1.2 Address Registers (AB—AD) ..........uuuuuiriiieiiirieiiaas e 2-4
2.2.1.3 System Stack POINtEr (A7) ...ueeeeie e e 2-5
2214 Program COUNLET .......cooiiiiee e et e e 2-5
2.2.1.5 Condition Code REQISIEN .......ccoeieiiiiiiiieeit e 2-5
2.2.2 Integer Unit Supervisor Programming Model ...............ccccovciieeeieeee . 2-5
2221 Interrupt and Master Stack POINtErsS ..., 2-6
2.2.2.2 STAUS REGISTEN ...ttt e 2-7
2.2.2.3 VeCtor Base REQISIEN ........uvvviiiiiiiiii e e 2-7
2224 Alternate Function Code RegiSters .........ccccuuuiiiiiiiiiiiiiiie ceeeeeeeeees 2-7
2.2.2.5 Cache Control REQISLEr .......ccovviieieeeeee s e 2-8
vi M68040 USER’S MANUAL MOTOROLA

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



Paragraph
Number

3.1
3.11
3.1.2
3.1.3
3.14
3.2
3.2.1
3.2.2
3.2.2.1
3.2.2.2
3.2.2.3
3.2.3
3.24
3.24.1
3.24.2
3.24.3
3.24.4
3.25
3.2.6
3.2.6.1
3.2.6.2
3.2.6.3
3.3

3.4

3.5

3.6
3.6.1
3.6.2
3.7
3.7.1
3.7.2
3.7.3
3.7.4

MOTOROLA

Freescale Semiconductor, Inc.

TABLE OF CONTENTS (Continued)

Page
Title Number
Section 3
Memory Management Unit
(Except MC68EC040 and MCG68EC040V)

Memory Management Programming Model ...............cceoeiviiviiiiineviinnnns 3-3
User and Supervisor Root Pointer Registers.............cccccvvvvviiiiieeneen. 3-3
Translation Control REQISTEr ........coooviiiiiiiie e 3-4
Transparent Translation RegQIStErs .........cccoovvviviiiiiiiiiiis i, 3-5
MMU Status REQISIEN ......eviiiiiiiiieieeiii et e 3-6

Logical Address Translation .............covvveeiviiiiiies i 3-7
Translation Tables ... s 3-7
DESCIIPLONS ...t et e e e e e e eeas 3-12

IR 1 o] (ST B =S ol ] ] (o P PSSRRR 3-12
Page DESCIPLOIS ...vuiiiiiiiiiie e e e e e e eaaes 3-13
Descriptor Field Definitions ..........ccooooiiiiiiiiiiiiie e 3-13
Translation Table EXample ... i, 3-16
Variations in Translation Table Structure .............ccccoeiiiiiiiiiiin i 3-16
INAIFECT ACHION ..t e e e e e e e e e e e e eeeeeanee 3-16
Table Sharing Between TasksS ........ccccovviiiiieiiiiiiiiiee e 3-18
Table Paging .....ooouuuiiie s 3-19
Dynamically Allocated Tables ...........ccccviiiiiiiiiii e 3-21
Table Search ACCESSES ......cooviiiiiiiiii e e 3-21
Address Translation ProteCtion ..............uuuveeiiiiinniees e 3-23
Supervisor and User Translation Tables..........cccovvviiiiiciiins e, 3-23
SUPEIVISON ONIY ..ot e e e e e e e e e e e eeaaaaees 3-23
WIEE PIOTECT ..o e e e eeaeaeees 3-24

Address Translation Caches .............ouviiiiiiii 3-26

Transparent Translation ..o e 3-29

Address Translation SUMMATY .........ooooiiiiiiiiiii e 3-30

MMU Effect on RSTIand MDIS ...........ccccouiiiiiiiiiiiiiee e 3-31
Effect of RSTI 0N the MMUS .........coviiuiiiiieieeieee e 3-31
Effect of MDIS on Address Translation ...........cccoovveieieeeeeeee e, 3-31

MMU INSTIUCTIONS ..o et 3-33
IMOVEC ... et ees 3-33
o e I 1S PP 3-33
e I =S PP PPPPUPPPPPRPTP 3-33
Register Programming Considerations...........ccoooovvvviiiieeiees ciieeeeeeens 3-34

M68040 USER’S MANUAL vii

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS (Continued)

Paragraph Page
Number Title Number
Section 4
Instruction and Data Caches
4.1 (O 1ol g T @ o= = 11 0] o H PP PPPPPPPPP P 4-2
4.2 Cache ManagemeNt............ouvuiiiiiiiiiiee e ceee e e e e e e 4-5
4.3 (O Tod o1 Yo 1Y, (o0 [ PSP 4-6
4.3.1 CaChable ACCESSES ...uuuuiiii i ettt e e e e e e e 4-6
4.3.1.1 Write-Through MOde .........ooovviiiiiiii e 4-6
4.3.1.2 CopyDaCK MOTE ...t e 4-6
4.3.2 Cache-INhibited ACCESSES ......ccuvviiiiiiiiiiii et 4-7
4.3.3 SPECIAI ACCESSES ...ttt e 4-7
4.4 CaChe ProtOCOI .....ooeeeeeiiiicee e e 4-7
4.4.1 REAU MISS ..ttt 4-8
4.4.2 WIHEE IMISS ..ot et e e e e e e e e e e e e e e e eeaeeebaanes 4-8
4.4.3 == (o I o [ PR 4-8
4.4.4 WWIEE Hit ...t e e e e e e e e e 4-8
4.5 CacChe CONEIENCY ....ccoeiiiiii e e eaae 4-9
4.6 Memory Accesses for Cache Maintenance...........ccceveeeeviiiveee eveeienns 4-11
4.6.1 Cache FilliNg .......cooiiiiieeeeee e e e e e e e e 4-11
4.6.2 CaACNE PUSNES ... e 4-13
4.7 Cache Operation SUMMANY ..........cuiiiiiiiiieeeeeeeeees e 4-13
4.7.1 INSTrUCHION CACNE ... .uiiiiiiiiiiiiii e 4-14
4.7.2 Data CacChe ..o 4-15
Section 5
Signal Description

51 Address BUS (A31—A0) ....cooiiiiiiiiiiiiiiiiee s e 5-4
5.2 Data BUS (D31-D0) ....uueeiiiiiiiiieieieeeeeee e e a e e e e 5-5
5.3 Transfer Attribute SignalS...........uuveiiiiiiiiiee e e 5-5
5.3.1 Transfer Type (TTL, TTO) ... e 5-5
5.3.2 Transfer Modifier (TM2—TMO) ........ouuuuiiiiiiiieeeeeeeeee e 5-6
5.3.3 Transfer Line Number (TLNL, TLNO)......ccoovviiiiiiiiieeiis e 5-6
5.34 User-Programmable Attributes (UPAL, UPAO) .........coooviiiiiiiiiiiiiien 5-7
5.35 REAA/WIILE (RIW) ..eeeieieee ettt ettt 5-7
5.3.6 Transfer Size (SIZ1, SIZ0) ..o e 5-7
5.3.7 o Tod Q10 1] PRSP 5-7
5.3.8 LOCK ENA (LOCKE) ..cooiiiiiieeeeeee e ettt 5-7
5.3.9 Cache Inhibit Out (CIOUT) ...cooiiiiieieeee s e 5-8
54 Bus Transfer Control Signals ... s 5-8
5.4.1 Transfer Start (TS) ....ccvccueeeeiee e ettt ere s 5-8
viii M68040 USER’S MANUAL MOTOROLA

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS (Continued)

Paragraph Page
Number Title Number
5.4.2 Transfer in Progress (TIP) ..cueo.cie e eeeeeeecee e et eneas 5-8
5.4.3 Transfer ACKNOWIEAGE (TA) ....ooviiueieeeieceeeieeteeee et 5-8
5.4.4 Transfer Error ACKNowledge (TEA) .......ceevveecueeeeeeeiee e e eeeeevee e 5-8
5.4.5 Transfer Cache INNIDIt (TCI) ....c.ooovveeeeieee e e 5-9
5.4.6 Transfer Burst INNibit (TBI) .........cccoveeeieeeeeeee e 5-9
5.5 SNOOP CoNtrol SIGNAIS........uvueiiiiee e e 5-9
5.5.1 SNoop Control (SCL, SCO) .....uuuiiiiiiiiiiiiiiieieee e e 5-9
5.5.2 MeMOrY INIDIE (MI) .....veieee it ettt ere e 5-9
5.6 ATDItration SIgNAIS .....uuii i e 5-10
5.6.1 BUS REQUESE (BR) ...vevveeveiie ettt ettt 5-10
5.6.2 BUS Grant (BG) ......ceeveeueeieeeiieeieeees ceeeteesteeeeeeeeeesteesteseesnassreesreeees 5-10
5.6.3 T =TV IS VA (1) F 5-10
5.7 Processor Control Signals ............ooooiiiiiiiiii e 5-10
5.7.1 Cache Disable (CDIS) ... e 5-10
5.7.2 RESEL IN (RSTI) ..ttt ettt eae e 5-11
5.7.3 Reset OUL (RSTO) ..ot e 5-11
5.8 Interrupt Control SIgNaIS..........oevviiiiiiiiee e e 5-11
5.8.1 Interrupt Priority Level (IPL2—IPLO).........cccovvevueeieeieeeeeeeee e, 5-11
5.8.2 Interrupt Pending Status (IPEND) .......coooviiiiiiiiiiii e 5-12
5.8.3 AULOVECTON (AVEQC) ...ttt e e e e e e 5-12
5.9 Status And CIOCK SIgNalS .........euuieiiiiiiiee e e 5-12
59.1 Processor Status (PST3—PSTO) ....ccuvvviiiiiiiiiiieieieiiii e 5-12
5.9.2 BUS ClOCK (BCLK) ..eiiiiiiiiiiieieee ettt 5-14
5.9.3 Processor Clock (PCLK)—Not on MC68040V and MC68ECO040V ...5-14
5.10 MMU Disable (MDIS)—Not on MCB8ECO040 ..........ccvvveveviieeieeeeeeeeceeins 5-14
5.11 Data Latch Enable (DLE)—Only on MC68040........ccccceeeeeeiiviviiiiiiin e 5-14
5.12 TESE SIGNAUS . e 5-15
5.12.1 TSt ClOCK (TCK) .ottt e a e e e e e 5-15
5.12.2 Test Mode SeleCt (TMS) ..uu s e 5-15
5.12.3 Test DAta IN (TDI) oo e 5-15
5124 Test Data OUL (TDO) ...cooeeiiiiiicet e 5-15
5.12.5 Test Reset (TRST)—Not on MC68040V and MC68EC040V............. 5-15
5.13 Power Supply CONNECHIONS .........uuuiiiiiiiiiiiiieiieees e 5-15
5.14 SIgNal SUMMATY ... e e e e e 5-16
Section 6
IEEE 1149.1 Test Access Port (JTAG)

6.1 OVEIVIEW ..ttt ettt et e e e e e e e e e e e e e e e e e e e s s babebeeeees 6-2
6.2 Instruction Shift REQISIEr ......ccoviiiiii e 6-3
6.2.1 ) =S P PRERRRPPPRRRR 6-3
MOTOROLA M68040 USER’S MANUAL iX

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS (Continued)

Paragraph Page
Number Title Number

6.2.2 HIGHZ oot 6-4
6.2.3 SAMPLE/PRELOAD ......ooiiiiiie ettt a e 6-4
6.2.4 DRV CTL.T ettt ettt ettt e e e e e e e e e e e e e e e e e e e s e s s s e nnnnes 6-4
6.2.5 SHUTDOWN .ot ettt a e e e e e e e e e e e e s naneees 6-5
6.2.6 PRIV ATE ..t e e e e e e e e e e e e e e e aaaaaaaaaaaeeaaaaans 6-5
6.2.7 DRV CTL.S oottt ettt 6-5
6.2.8 BY P AS S .. ——————————————————————————— 6-6
6.3 Boundary SCan REQISIEN .........iiiiiii e it e e e e e e e e e e e eeeeanenns 6-6
6.4 RESIICHONS ... e 6-12
6.5 Disabling The IEEE Standard 1149.1A Operation ............ccceevvveieeeneee 6-13
6.6 Motorola M68040 BSDL Description (Version 2.2) .......ccccceeeeeevveveeennnns 6-15
6.7 MC68040, MC68LC040, MC68EC040

JTAG Electrical CharacteristiCS ...........cuuuuuiiiiiiiiiieies eeeeeeeeeeeeeeeiiininnnes 6-21

Section 7
Bus Operation

7.1 BUS CharacCteriStiCS ......cvuuuuiiiiiiiiiiie e et e e e e e e e eeeeaneens 7-1
7.2 Data Transfer MeChaniSM ............cuuviiiiiiiiiiiiiis s 7-3
7.3 Misaligned OPErands ............eoiiiiieiie et e 7-6
7.4 Processor Data TranSfers ...... oot s e e 7-9
7.4.1 Byte, Word, and Long-Word Read Transfers ............cccccevvvvvvivinnnnins 7-10
7.4.2 Line Read TranSIer .....ccoiv i e 7-12
7.4.3 Byte, Word, and Long-Word Write Transfers ........ccccevvvvvevviciiiennn onn. 7-20
7.4.4 Line WItE TranSfers ... e 7-22
7.4.5 Read-Modify-Write Transfers (Locked Transfers) ........cccccceevevvveennnns 7-26
7.5 Acknowledge BUS CYCIES .......coooiiiiiiiiiiiii e 7-29
7.5.1 Interrupt Acknowledge Bus CyCleS ........ccooevviiieiiiiiiiiiie e 7-29
7.5.1.1 Interrupt Acknowledge BUS Cycle (Terminated Normally) ............ 7-31
7.5.1.2 Autovector Interrupt Acknowledge bus Cycle ..........cccoeevvvvvvvvinnnnnn. 7-33
7.5.1.3 Spurious Interrupt Acknowledge Bus Cycle.........ccveiiiiiiiiiinnn . 7-34
7.5.2 Breakpoint Interrupt Acknowledge Bus Cycle ............cccoiiiiiiiiiiiien e, 7-35
7.6 Bus Exception Control CYCIES.........eevvuiieiiiiiiiiieeeee e 7-36
7.6.1 BUS EITOIS oo e e 7-37
7.6.2 RELIY OPEIALION ...t e 7-41
7.6.3 Double BUS FaUIL.......cooiiiiieiieeee e e 7-43
7.7 BUS SYNCRIONIZAtioN .......cccouviiiiiiiiiice e e 7-43
7.8 Bus Arbitration And EXamples ... 7-44
7.8.1 BUS ArDItratioN ......cocviiiiiiiieiii e e 7-45
7.8.2 Bus Arbitration EXamPIes ... e 7-52
7.8.2.1 Dual M68040 Fairness Arbitration ............cccccevvveveeevienin i 7-52
7.8.2.2 Dual M68040 Prioritized Arbitration ...........ccccceeeeeeiiiiiiiiis i, 7-54
X M68040 USER’S MANUAL MOTOROLA

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS (Continued)

Paragraph Page
Number Title Number
7.8.2.3 M68040 Synchronous DMA Arbitration ...........cccceeeeiiiiiiiiiiineviiiins 7-55
7.8.2.4 M68040 Asynchronous DMA Arbitration ...........ccccceeeeeiviiiiiiic e 7-57
7.9 Bus SNooping OPEeration .............uuuuuiiiiiiieeeeees ceeeee e e 7-59
7.9.1 SNOOP-INNIBItEd CYCIE ..o 7-60
7.9.2 Snoop-Enabled Cycle (No Intervention Required) ...........cceeeeviiinns 7-61
7.9.3 Snoop Read Cycle (Intervention Required) .........ccccceeeveiiiieeeeeinee e, 7-63
7.9.4 Snoop Write Cycle (Intervention Required) ...........ccceeeeeveiiiiiieneee i 7-63
7.10 TS A O o 1= = 11 0] o 7-65
7.11 Special Modes of Operation ..........ccoooevvviiiiiiieiiie e 7-68
7.11.1 Output Buffer Impedance Selection ............ccccevvviiiiiiiiii i 7-68
7.11.2 Multiplexed BUS MOAE .......cccoeiiieeiiiiiiieeeiiiit s e e e e e e e 7-68
7.11.3 Data Latch Enable Mode ...........cooiiiiiiiiii e 7-69
Section 8
Exception Processing

8.1 Exception Processing OVEIVIEW ...........uuiiiiiiiiiiiiieeeee ceiiiie e e eeeiin e e eaenns 8-1
8.2 Integer UNit EXCEPLIONS ...ttt e 8-5
8.2.1 AcCCESS Fault EXCEPLION ......coeveieiieeiiiiiiicees s e e e e e e e e 8-6
8.2.2 Address Error EXCEPLION .......cii it ettt 8-8
8.2.3 INStruction Trap EXCEPLION .......uuviiiiiiiiiiiiiiieeeeees e 8-8
8.2.4 lllegal Instruction and Unimplemented Instruction Exceptions .......... 8-9
8.2.5 Privilege Violation EXCEPLION .......coooiiiiiiiiiiiiiiiies e 8-9
8.2.6 Trace EXCEPLON ...ccooi it e 8-10
8.2.7 Format Error EXCEPLION .....ccovieeeiiie i e 8-11
8.2.8 Breakpoint INStruction EXCEPLION ..........uvviiiieiiiiiiiiiieees e 8-12
8.2.9 INTEITUPL EXCEPLION .ottt e 8-12
8.2.10 RESEt EXCEPLION.....ccciiiiiiieeieeic s sttt e e e e e 8-17
8.3 EXCEPLION PrIOMTIES ...uviiiiiiiiiiiiiiiiieeee e et 8-19
8.4 Return From EXCEPLIONS .........cvvviiiiiiiiiiee e et eeee et e e 8-20
8.4.1 Four-Word Stack Frame (Format $0) .........cocccviiieieiiniiiiie e 8-21
8.4.2 Four-Word Throwaway Stack Frame (Format $1) ...........ccccvveeeeennns 8-21
8.4.3 Six-Word Stack Frame (Format $2) ..........ceevveeiiiiiiiiiiee s 8-22
8.4.4 Floating-Point Post-Instruction Stack Frame (Format $3) ................. 8-23
8.4.5 Eight-Word Stack Frame (Format $4).........ccuveeiieiiiiiiiiiies e 8-23
8.4.6 Access Error Stack Frame (Format $7) ........ooocvveveeeeiiiiiiiies e, 8-24
8.4.6.1 Effective AdAress ..o 8-24
8.4.6.2 Special Status Word (SSW) .....coooiiiiiiiiiiie e 8-24
8.4.6.3 WIHEE-BACK STALUS .....vvviiiiiiiiiiiiiiiiiiieee s e 8-26
8.4.6.4 FAUIE AQAIESS ... e 8-26
MOTOROLA M68040 USER’S MANUAL Xi

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS (Continued)

Paragraph Page
Number Title Number
8.4.6.5 Write-Back Address and Write-Back Data ..............eeveciiiiieneeneennnn. 8-26
8.4.6.6 U] 1 = - U 8-27
8.4.6.7 Access Error Stack Frame Return From Exception........................ 8-27
Section 9
Floating-Point Unit (MC68040 Only)

9.1 Floating-Point Unit Pipeline ... e 9-1
9.2 Floating-Point User Programming Model .............cccoovvviiiics i 9-2
9.21 Floating-Point Data Registers (FP7—FPO) .........ccccccieiiiiiiiiini i, 9-2
9.2.2 Floating-Point Control Register (FPCR) .........ccceeiiiiiiiieeeeeeieee e 9-3
9.2.2.1 Exception Enable BYte ........cccoooviiiiiiiiiies e 9-3
9.22.2 MOdE CONLIOI BYLE ......uuiiiiiiiiiiiiieeiee e s 9-3
9.2.3 Floating-Point Status Register (FPSR) ..........ccccoeiviiiveviiii e 9-4
9.2.3.1 Floating-Point Condition Code Byte...........ccoovvviiiiieiiiiiiis e, 9-4
9.23.2 QUOLIENT BYLE ..o ettt 9-5
9.2.3.3 EXception Status BYte.........ccvvvviiiiiiiiiiiiie e e 9-5
9.2.34 Accrued Exception (AEXC) BYLe. .....covviiiiiiiiiiiiieeeeee e 9-5
9.24 Floating-Point Instruction Address Register (FPIAR) ........ccccceeeennn. 9-6
9.3 Floating-Point Data Formats and Data TYPeS..........ccvvvvevvvvvviniiees e 9-7
94 Computational ACCUIACY .........cceeviiiiiiiiiiiiiaes e 9-11
94.1 Intermediate RESUIL ..........cooviiiiie e 9-12
9.4.2 Rounding the RESUIt............ovviiiiiiiiee e 9-13
9.5 POStprocessing OPeration............coeuvuiuiuuuiiiiaes e 9-15
9.5.1 Underflow, Round, OVErflow .........ccoouuiiieiiiiiiiee e 9-16
9.5.2 ConditioNal TESHING ...cevveeeeiiieiiei e e e e e e 9-16
9.6 Floating-Point EXCEPLIONS .......ueiiiiiiiiiiiiieieeeeeees e 9-20
9.6.1 Unimplemented Floating-Point INStructions.............ccccooovvviiiiin e, 9-20
9.6.2 Unsupported Floating-Point Data TYPES .......cccoovvvvvvevviiiiiiiiiee v 9-22
9.7 Floating-Point Arithmetic EXCEPLIONS ........ccooiiiiiiiiiiiiiiieee e 9-24
9.7.1 Branch/Set on Unordered (BSUN) .......cccooviiiiiiiiiiiiiieeeis e 9-25
9.7.1.1 Maskable Exception ConditioNS............cceevieiviiiiiiiiees e, 9-26
9.7.1.2 Nonmaskable Exception Conditions ............coooviiiiiiiiiiiiie e 9-27
9.7.2 Signaling Not-a-Number (SNAN) ... e 9-27
9.7.2.1 Maskable Exception ConditioNS............ccceveeiiiiiiiiiiees e, 9-27
9.7.2.2 Nonmaskable Exception Conditions ............ccooviiiiiiiiiiiin e, 9-27
9.7.3 (@] 01T = [0 [ =1 o (o] SN OUU 9-28
9.7.3.1 Maskable Exception ConditionS............ccoeveeiiiiiiiiiieee e, 9-29
9.7.3.2 Nonmaskable Exception Conditions ............ccooeeiiiiiiiiiiin e, 9-30
9.7.4 OVEITIOW L.t e r e e e e e e e e e e e e e e e e e n e 9-31
9.74.1 Maskable Exception CoNditioNS........ccoovvveeeeiiiiiiiiiiiie e 9-31
9.7.4.2 Nonmaskable Exception Conditions ............ccooviiiiiiiiiiiiin e, 9-31
Xii M68040 USER’S MANUAL MOTOROLA

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS (Continued)

Paragraph Page
Number Title Number
9.7.5 UNAEITIOW .t e 9-33
9.75.1 Maskable Exception CoNditioNS ............eeeeeiiiiiiiiiiienes i 9-34
9.75.2 Nonmaskable Exception Conditions .........ccccceeiivieeeeeiiiiiie e 9-34
9.7.6 DIVIAE DY ZEI0.. oo e 9-36
9.7.7 INEXACT RESUIL ... e 9-36
9.8 Floating-Point State Frames............ccciiiiiiiiieeeeees e 9-39

Section 10
Instruction Timings

10.1 OVEIVIEW ...t ettt e e e e e e et e et e bbb as 10-3
10.2 Instruction TIMING EXaMPIES ......ooooiiiiiiiii e 10-5
10.3 CINV and CPUSH INStruction TiMiNgG ........ueeerieeeeeeeeeeeeeeees ceveveeiinnens 10-8
10.4 MOVE INStruction TIMING .....coovvuiiiiieiiiiiiie e e e et e e e e eeens 10-9
10.5 Miscellaneous Integer Unit Instruction TiMiNgS.......ccccoeveeeeiinniiiiiiiiieenne 10-11
10.6 Integer Unit Instruction TiMINGS ........cooviviiiiiiiiiiiies e, 10-13
10.7 Floating-Point Unit Instruction TiMiNgsS ........ccooveiriiiiiiiieeeeei e, 10-29
10.7.1 Miscellaneous Integer Unit Support TIMiNgS .......covvvvviieeeiininniiniinee 10-29
10.7.2 Integer Unit SUPPOrt TIMINGS ......ocvvvviiiiiiiiieee e e 10-30
10.7.3 Timings in the Floating-Point UNit...........cooooiiiiiiiiiiiiie i 10-35

Section 11
MC68040 Electrical and Thermal Characteristics

111 MaxXimum RALNGS ...ceeeeiiiiiiiiiiiiee e ettt e e e e e e e eeeeeeeennnnn 11-1
11.2 Thermal CharacteriStiCS .....ccoovveeee et e e e e e 11-1
11.3 DC Electrical SPecifiCatiOns ..........cccceiiiiieiieeeiiiiiie e 11-2
114 POWET DISSIPALION ....uuiiiiiiiiiiiiiiie e ee e e e e e e e e e 11-2
115 Clock AC Timing SPEeCIfICAtIONS .........coovviiiiiiiiiiiiiit e 11-3
11.6 Output AC Timing Specifications ..........cccoevviiiiiiiiii e, 11-4
11.7 Input AC Timing SPECIfICAtIONS .......ccoiiiiiiiiiiiiiiee e 11-5
11.8 MC68040 Thermal Device CharacteriStiCS.........uuuurviiiiiiiiieieeeees s 11-12
11.8.1 MC68040 Die and PacCKage .........cceuuruiiiieiiiiiiiiees ceveeiiiee e e e 11-12
11.8.2 MC68040 Power Considerations ...........ccoeveeeeeeeeeeeeeeee e 11-12
11.9 MC68040 Thermal Management Techniques .............cceeevvvvvvvveviiinvnnnns 11-14
11.9.1 S U] L PP 11-17
119.2 0 {00 1 | R 11-18
11.9.3 With Heat SiNK ... e 11-19
1194 With Heat Sink and Forced Al ..o e 11-22
MOTOROLA M68040 USER’S MANUAL Xiii

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS (Continued)

Paragraph Page
Number Title Number

Section 12
Ordering Information and Mechanical Data

12.1 Ordering INFOrMALION .........uuiiiiiiiiiiiii e e 12-1
12.2 I TS o 10 0= ] £ 12-1
12.2.1 MCB8040 PiN Grid AITAY ...ceeeeeeiieeeeeiiiiieae e see e e e e e e e e 12-2
12.2.2 MCBBLCO40 PinN Gritd AITAY ......uvurriiiiieieieeieeeeeaees seeaaebeeereeeeeeeeeees 12-3
12.2.3 MCBBECO40 PiN Grid AMTAY ....vvvirriiiiieieiiieeeeeaaeaes easssnnnnnnnenseseeeeeeeees 12-4
12.2.4 MC68040V and MCG68ECO040V Pin Grid AIray ........cccceeeeeeeeiiienneen, 12-5
12.2.5 MC68LC040 Quad Flat PacK...........ccoooviiiiiiiiiit e 12-6
12.2.6 MCG68ECO040 Quad Flat PackK ............coooeiiiiiiiiiiit e 12-6
12.2.7 MC68040V and MC68EC040V Quad Flat Pack............cccccovvvvenenen. 12-7
12.3 MechaniCal DAt .........cccuuuiiiiiiiiiiiiiiie e 12-9
Appendix A
MC68LC040
Al MCBBLCOA0 DIffErENCES ... uuvviiiiiiiiiiiiiiiiee e e A-5
A2 Interrupt Priority Level (IPL2—IPLO) .......cc.covveeueeieeieeeeet eeve e A-5
A3 JTAG SCAN (JS0) it e A-5
A4 Data Latch And Multiplexed Bus MOdES ...........ccceeeviiiiieeeiiiiie e, A-5
A5 Floating-Point Unit (FPU) .......oooiiiiiiiee e A-5
AS5.1 Unimplemented Floating-Point Instructions and Exceptions ............. A-6
A.5.2 MCB8LCO40 Stack Frames ........ccoeeviiiiiiiiiiiit ettt A-7
A.6 MC68LC040 Electrical CharacCterisStiCS ..........coevvviiieeiiiiiiiiiin e A-7
A6.1 Maximum RALINGS ... e A-8
A.6.2 Thermal CharacCteriStiCS ..........uuuuiiiiiiiiiiiiiieees e A-8
A.6.3 DC Electrical SPecCifiCatiOns ...........ccoooiiiiiiiiiiiiin e A-8
A.6.4 POWET DiSSIPALION .....cciiiiiiiiiiiiii s e A-9
A.6.5 Clock AC Timing Specifications ..........cccceeviiieeieeeeiieee e, A-9
A.6.6 Output AC Timing SPECIfICALIONS .......eeviieiiiieeeiiiiiiie e A-11
A.6.7 Input AC Timing SPecificationS..........cccvvviviiveiiiii e e e e A-12

Appendix B

MC68EC040
B.1 MCB8BECO40 DiffEr&NCES ....oiiieeeeeeeieeeeeeeeen s e e e e e e e e B-4
B.2 JTAG SCAN (JSLJS0) .errrriiriiiiiiiiiiiiiiiaeeee e e sarisiirrseeeer e rreeeaaaaaaaaaeaeas B-5
B.3 ACCESS CONLIOL UNITS ..uuueiiiiiiiiei e ettt e e e e e e e e e e e e e eeeennnnes B-5
B.3.1 Access Control REJISIEIS .......vvvviuiiiiiiiiiei e e B-5
B.3.2 Address COMPATIISON ......uuuiiieieiiiiies e e B-7
B.3.3 Effect of RSTI ONthe ACU ..o e B-8
Xiv M68040 USER’S MANUAL MOTOROLA

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS (Continued)

Paragraph Page
Number Title Number

B.4 Special Modes Of OPEration ............cooviiiiiiiiiiiiiiin e eeeeeeeieees B-8

B.5 EXCEPLION PrOCESSING ...cciiiiiiiiiiiieiiee e ittt B-10
B.5.1 Unimplemented Floating-Point Instructions and Exceptions ............. B-10
B.5.2 MCGB8ECO40 Stack Frames.........ooouuvuiiiiiiiiiieeees e B-11
B.6 Software CONSIAEratioNsS ........ccoviieeeeeeeieeeiiiiees et e e e e e e e eeeeeaaennee B-12
B.7 MCG68ECO040 Electrical CharacteristiCS ............uuuvveieiiiiiiiiiins ceeeiiiiiiiinnns B-12
B.7.1 MaXIMUM RATINGS ....vvvieiiiiiiiieee e e B-12
B.7.2 Thermal CharacCteriStiCS .......uuuiiiiiiiieeeiiiiiiii e B-12
B.7.3 DC Electrical SpecCificationS ..........cccuuuuiiiiiiiiiiiiiis e B-13
B.7.4 POWEr DISSIPALION ...ttt et B-13
B.7.5 Clock AC Timing SpecCIficationsS ..........cceviieeiieeeiieiieeee e B-14
B.7.6 Output AC Timing SPecificationsS ............ccuvviiiiiiiiiiiiiis e, B-15
B.7.7 Input AC Timing SPeCifiCatioNS...........coooiiiiiiiiiiiiiie e B-16

Appendix C
MC68040V and MC68EC040V

C1l Additional SIgNaAIS.........oooiiiiiii C-1
C.l1 Low Frequency Operation (LFO) ........cceeiiiiiiiiiiieiiiieee e C-2
C.1.2 LOSS Of CIOCK (LOC) ettt et C-2
C.13 System Clock Disable (SCD).......uuuuuiiiiiiiiiiiiiiiiiees e C-2
C.2 LOW-POWEr StOP MOAE ......oiiiieieeeccieeeeeeee e C-3
C.21 Bus Arbitration and SNOOPING ......cuuvurruiiiiieeeeee e e C-5
C.22 Low Frequency OPeration ............coooviiiiiiiiiiiiit ereeeeeee e C-5
c.23 Changing BCLK FIreqUENCY ........cciiiiiiieeeeeeieeeeeiit ettt e e e C-5
C.24 LPSTOP INStruCtion SUMMATY .....covviiviiiiiieieeeeeeeeeee e C-6
C.3 Clocking During Normal Operation ..............cceeieeeeeeeees veniiiiiviieneneee C-7
C4 T A O 01T = 11 0] o O SUSR C-7
C.5 POWET CYCIING e e C-9
C.6 MC68040V and MC68EC040V JTAG (Preliminary) ........cccceeeevvvviiinnns C-10
C6.1 Instruction Shift REQISIEr .......ccooiviiiii e e C-11
C.6.1.1 ) = S EEEERPUPPRR C-12
C.6.1.2 HIGHZ oot C-12
C.6.1.3 SAMPLE/PRELOAD .....cooiiiiieieee et ettt C-12
C.6.14 CLAMP ..ttt e e e e e e e e e e e e e e e e e e e e e C-12
C.6.15 BY P AS S .. —————————————————————————————— C-13
C.6.2 Boundary Scan RegISter..........oiiiiiiiiiiiii e e C-13
C.6.3 S 1 Tod 1 0] o OO C-16
C.6.4 Disabling The IEEE Standard 1149.1A Operation..............cccccevvvvnnne C-16
C.6.5 MC68040V and MC68EC040V JTAG Electrical Characteristics........ C-17
MOTOROLA M68040 USER’S MANUAL XV

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS (Continued)

Paragraph
Number Title
C.7 MC68040V and MCG68EC040V Electrical Characteristics...........
C7.1 Maximum RaLiNGS .......uuuiiiiiiiiiieiieeee e e
C.7.2 Thermal CharacteristiCS .........uuvevveiiiiiiiiiieeeees e
C.7.3 DC Electrical Specifications ...........ccuuvvmmimimiiriiies e
C74 Power DiSSIPAtiON .......cooiiiiiiiiiiitiiiieeee e
C.75 Clock AC Timing Specifications ............ccccceveeeiiiiieeeeee e,
C.7.6 Output AC Timing SPecifiCations ...............uuvveeeiiiiiiiiieeeninnnnns
cC.7.7 Input AC Timing Specifications.............ccuvvvvviiiiiiiiiee e,
Appendix D
M68000 Family Summary
Appendix E
Floating-Point Emulation (M68040FPSP)
Index
XVi M68040 USER’S MANUAL

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

Page
Number

MOTOROLA



Freescale Semiconductor, Inc.

LIST OF ILLUSTRATIONS

Figure Page
Number Title Number
11 =] (o Tod QB = To | = o ¢ [P PURUPT 1-4
1-2 Programming MOAE ..........oouiiiiiiiiiiiiii e 1-7
2-1 Integer UNit PIPEINE ........ei e s 2-2
2-2 Write-Back Cycle BIOCK DIiagram ..............eeeeeeeeeieeiiiies coeeineeeeesiiiviinseeeeees 2-3
2-3 Integer Unit User Programming Model................iiiiiiiiii i, 2-4
2-4 Integer Unit Supervisor Programming Model ..., 2-6
2-5 STALUS REGISTE ...ttt e e e e e e e e e e e e e e e e e e 2-7
3-1 Memory Management UNit..........coooiiiiiiiiiiiiii e 3-2
3-2 Memory Management Programming Model ..............cccuviiiiiiiiii i, 3-3
3-3 URP and SRP Register FOrMALS..........coovviiiiiiiiiiieieee e 3-4
3-4 Translation Control Register FOrmat ...........cocoiiiiiiiiiiiiiee e 3-4
3-5 Transparent Translation Register Format .............cccevvvviiiiiiis i, 3-5
3-6 MMU Status Register FOrMAL............cuuuiiiiiiiiiiiiies e 3-6
3-7 Translation Table StrUCIUIe .........cooii i e 3-8
3-8 Logical AddreSs FOMMAL .........uuuuiiiiiieiieeeeeeeeee et s e e e e e e e e e e eeeeeeeeeannnes 3-9
3-9 Detailed Flowchart of Table Search Operation ............c.ocoovviiiiiiiiiin e, 3-10
3-10 Detailed Flowchart of Descriptor Fetch Operation ..............ccooooviiiiiiin e, 3-11
3-11 Table DeSCriptor FOrMALS........uuuuuiiiiiiieeeeeceiiee ceeeeeeeise s e e e e e e e e e e e e eeeeeanannnes 3-13
3-12  Page DescCriptor FOIMALS ........coovuuiiiiiiiiiiiis e et e e 3-13
3-13  Example Translation Table ... e 3-17
3-14  Translation Table Using Indirect DeSCIPLOrS .........uuvveiiiiiiiieeeeeeiees ceveeeeeiiinnns 3-18
3-15 Translation Table Using Shared Tables.............iiiiiiii s 3-19
3-16  Translation Table with Nonresident Tables..........ccccceeviieiiiieiiiiie e 3-20
3-17  Translation Table Structure for TWO TaSKS ........ceveiiiiiiiiiiiieieiieis i 3-24
3-18 Logical Address Map with Shared Supervisor and User Address Spaces... 3-24
3-19 Translation Table Using S-Bit and W-Bit To Set Protection..........c..ccc......... 3-25
3-20 ATC OrganizZation..........cceeeiiuuiiiiiiiieee e eee e e e e e e et e e e e e e e e e e e eeeeesasaaanan 3-26
3-21 ATCENtry and Tag FIeldsS .........uuuuiiiiiiiiieeeee e 3-27
3-22  Address Translation FIOWChArt.............cooiiiiiiiiiiiiiiie e 3-32
3-23 MMU Status INterpretation ...........cccceec e e e e, 3-35
4-1 Overview of Internal CacCh@s .......ccoooiiiiiiiiiiiieeeet e e e 4-2
4-2 Cache Line FOIMALS .......coooiiiiiiiiiiiit et 4-3
4-3 CaChING OPEIALION ...ttt e e e e e e e e e e e e e e e e e e 4-4
4-4 Cache Control REQISTEN .......ovvveiiiiccie e e e e e e e e e e eeaannes 4-5
MOTOROLA M68040 USER’S MANUAL XVii

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



Freescale Semiconductor, Inc.

LIST OF ILLUSTRATIONS (Continued)

Figure Page
Number Title Number
4-5 Instruction-Cache Line State Diagram .............ouuuueeiiiiiiiines eeeeeeeeeeeeeeeeieienens 4-14
4-6 Data-Cache Line State Diagram ..........ccccuvuriiiiiiiiiiiee ceeeeee e 4-16
5-1 Functional Signal GrOUPS .....ooiieiieeeeeeeeeeeee s 5-4
6-1 M68040 Test Logic BIOCK Diagram ..............coovviuiviiiiiiiesceeieeeeeeeeeeeeeeeeeieiinnnns 6-2
6-2 BYPASS REQISTEN ... et 6-6
6-3 Output Latch Cell (O.LatCh) ..........uuiiiiiiiiiiiiiice e 6-7
6-4 INPUL PIN Cell (1LPIN) 1oeeeeeeeecee s e e e e e 6-7
6-5 Output Control Cells (IO.CHl) ... s 6-8
6-6 General Arrangement of Bidirectional PiNS ..............euveiiiiiiiiiiiis s 6-8
6-7 Circuit Disabling IEEE Standard 1149.1A .......cccoiiiiiiiiieeieeeeeeeee e 6-14
6-8 Clock Input TimiNg DIAGraIM ..........uuuumiiiiieiiiiiiiiees e 6-22
6-9 TRST TiMING DIAQIAM ...cevviiiiiiiiiee e et e e e e e e e e e e e e e eeeeeennnnes 6-22
6-10 Boundary Scan Timing Diagram .........cccoovvuiiiiiiiiiieiiis e eeenns 6-23
6-11  Test Access Port Timing Diagram ... e 6-23
7-1 Signal Relationships t0 CIOCKS .......ccoiiiiiiiiii s e 7-2
7-2 Internal Operand Representation ..ot e 7-3
7-3 D= 1= 1Y/ [0 0] 1= (T g T S 7-4
7-4 Byte Enable Signal Generation and PAL Equation ...............cccveevieevennnnnnn. 7-5
7-5 Example of a Misaligned Long-Word Transfer...........ccccovveieeeee s 7-7
7-6 Example of a Misaligned Word Transfer..........ccccovvvvviiiiiics i 7-7
7-7 Misaligned Long-Word Read Transfer TimMiNg ........cccoooovvviiiiiieiiiii i 7-8
7-8 Byte, Word, and Long-Word Read Transfer Flowchart................c.cccoeeee. 7-10
7-9 Byte, Word, and Long-Word Read Transfer Timing.............o.uvvciceiiiinneeeenn, 7-11
7-10 Line Read Transfer FIOWChArT ... e 7-14
7-11  Line Read Transfer TIMING .........uueeeeeiiiiiiiiiiieeees e 7-15
7-12  Burst-Inhibited Line Read Transfer Flowchart ..............ccccooviiiiiiiie e, 7-18
7-13  Burst-Inhibited Line Read Transfer TiMINg ...........uuciiiiiiniiiieiiiee e 7-19
7-14  Byte, Word, and Long-Word Write Transfer Flowchart ..., 7-20
7-15  Long-Word Write Transfer TIMiNg .........ccoooviviiiiiiiiiics s 7-21
7-16  Line Write Transfer FIOWChart ...........ooooiiiiiiiiiiiiiis e 7-23
7-17  Line Write Transfer TIMING ... et 7-24
7-18  Locked Transfer for TAS Instruction TimMiNg ......ccccoeeeeeeeiiiiiiieeiiiin e, 7-27
7-19  Interrupt Pending ProCeAUIE ..........uiiiiiiiiiiiiiiiieeee s e 7-30
7-20  ASSErtion Of IPEND ......cooiiiiiiiiiiiiiiiee it e 7-30
7-21  Interrupt Acknowledge Bus Cycle Flowchart ...........ccccoooiiiiiiiiiiii e, 7-32
7-22  Interrupt Acknowledge Bus Cycle TimiNg .......ccccccummiiiiiiiiiiiiiee e 7-33
7-23  Autovector Interrupt Acknowledge Bus Cycle Timing .......cccceeeeviieeeeeeeieennnn 7-34
7-24  Breakpoint Interrupt Acknowledge Bus Cycle Flowchart ............................. 7-35
7-25  Breakpoint Interrupt Acknowledge Bus Cycle Timing ............ooooviiiiiniininnn 7-36
xviii M68040 USER’S MANUAL MOTOROLA

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



Freescale Semiconductor, Inc.

LIST OF ILLUSTRATIONS (Continued)

Figure
Number Title
7-26  Word Write Access Terminated with TEA Timing ......ccccceevveveeveeeennenn.
7-27  Line Read Access Terminated with TEA Timing ........ccovevveeveeeereeveene e,
7-28 Retry Read Transfer TIMING ........uiiiiiiiiiieeecceeeeee e
7-29  Retry Operation 0N LiN€ W ..........uuiiiiiiiiiiiiiieeiees oo
7-30  M68040 Internal Interpretation State Diagram and

External Bus Arbiter CirCUIL ...........uuuuiiiiiiiiiiiiiiies e
7-31  Lock Violation EXAMPIE ......coviiiiiiiiiaieiieiei ettt
7-32  Processor Bus ReqUEST TIMING ......uuuuiiiieieeeeeeeeeeeees ceevevecaninnn e e e e aeeeaes
7-33  Arbitration During Relinquish and Retry Timing ..........ccooveievviiiiiiiieeee e,
7-34  Implicit Bus Ownership Arbitration TiMiNg........oooviiiiiiiiie e
7-35 Dual M68040 Fairness Arbitration State Diagram ...............cccceeeeieneeenn .
7-36  Dual M68040 Prioritized Arbitration State Diagram ..............cccccceeieeeeenns
7-37  M68040 Synchronous DMA Arbitration ..........ccccuvvvviiiiiiiiiiiie ceeeeeeeeeeee
7-38  Sample Synchronizer CirCUIL ..........ciiiiiii e e
7-39  M68040 Asynchronous DMA Arbitration .............ccoevvviiiiieiiiinciineeeeeeeinnn,
7-40  Snoop-Inhibited BUS CYCIE ......coooiiiiiiiiiii i e
7-41  Snoop Access With Memory RESPONSE.......ccccevvvviiieeiiii e
7-42  Snooped Line Read, Memory Inhibited ...
7-43  Snooped Long-Word Write, Memory Inhibited ..............ccccooiiiiiiiiin e,
7-44  Initial Power-On Reset TIMING ..........oovviiiiiiiiiiieeees e eeeee e
7-45  Normal RSt TIMING ...cooiiiiiiiiiiiiiiiiee e et e e
7-46  Multiplexed Address and Data Bus (Line Write)...........ccccuvvvvviviiieieee vennn.
7-47  DLE Mode BIOCK Diagram ...........ucciiiiiiiieeeeceeee e
7-48  DLE versus Normal Data Read TimiNg ..........uuueiiiiiniiieeniiiees ceeeeeeeeiiiiinnens
8-1 General Exception Processing Flowchart .............ccccovvvviic e,
8-2 General Form of Exception Stack Frame ..........cccccoceeiiiiiiii i,
8-3 Interrupt Recognition EXamMPIES .........eueiiiiiiiiiiiiiiieiees e
8-4 Interrupt Exception Processing Flowchart ..............ccooeveeiiiiiiine e,
8-5 Reset Exception Processing FIOWChart..............uuuviiiiiiiiiiiiis s
8-6 Flowchart of RTE Instruction for Throwaway Four-Word Frame..............
8-7 Special Status Word FOrmat ............cooiiiiiiiiiiiieeee e
8-8 Write-Back Status FOIMAL ..........oovviiiiiiiiiiiiiiis e
9-1 Floating-Point User Programming Model ............ccoooovviiiiiiiiiin i,
9-2 Floating-Point Control REQISTEN ...........eviiiiiiiiiiiiies e
9-3 FPSR Condition Code BYLE......cccoiieiieeiiiiiieeeeiiiit s e e e e e e e eeeeaaanees
9-4 FPSR QUOLIENT BYLE ...uuiiiiiiiiii s e
9-5 FPSR EXCeption Status BYLE ........coooviiiiiiiiiiii e
9-6 FPSR Accrued EXception BYLe .......ccovvvuiiiiiiiiiiiieeeee e
9-7 Intermediate Result FOrMat..........oooooiiiiiiiiiiiiiit e
9-8 Rounding Algorithm FIOWChart .............eeeeevi e
MOTOROLA M68040 USER’S MANUAL

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

Page
Number

XiX



Freescale Semiconductor, Inc.

LIST OF ILLUSTRATIONS (Continued)

Figure Page
Number Title Number
9-9 Format of Denormalized Operand in State Frame ...........cccceeeeiiiiieieeeeen e, 9-24
9-10 MC68040 Floating-Point State Frames ..........ccccuuveieiiiiiiiiiies e 9-40
9-11  Mapping of Command Bits for CMDREG3B Field ...............cccevvvvviviiiinn v 9-42
10-1  Simple Instruction Timing EXample ..........ccccouiiiiiiiiii e, 10-5
10-2 Instruction Overlap with Multiple CIOCKS ...........coovviiiiiiiiiiiies e 10-6
10-3  INterloCKed STAgES .....ccooiiiieieiieiei s e eaaeae 10-7
11-1  Clock Input TIming DIiagram ...........uuuueieiiiiieieeeeeee e e e e e 11-3
11-2  Drive Levels and Test Points for AC Specifications ...........ccccccevveeeieiiinnnnnn. 11-6
11-3  ReAd/WIE TIMING ..eeeiiiiiiiiiiiieee e ettt e e 11-7
11-4  Bus Arbitration TiMINgG........coeieriiiiiiiiiiiiee s e e e e e e e e e e eees 11-8
11-5  SNOOP Hit THMING .uiiiiiiiiiiiiiiie et e e e e e e e e e e e e e e e e 11-9
00 G Y To To o I Y1 53S0 T 11 T U 11-10
11-7  Other Signal TIMING ....ieeeeii s e e e e e e e e et eeaeanaas 11-11
11-8 MC68040 Termination NEIWOIK .........ccoiiiieiieeiiiiiieieee et 11-15
11-9 Typical Configuration for RC Termination Network ..........cccceeeeiviieeeeieinen e, 11-15
11-10 Heat Sink With ADNESIVE .....coooviiiiiiie e 11-20
11-11 Heat Sink with AttaChMENT .......ccccoiiiiiiieee e 11-21
12-1 PGA Package DIMENSIONS ......ccciiiiiiiiiiccieiiie e et e et e et e e e enann 12-9
12-2  QFP Package DIMENSIONS ......cooiiiiiiiiiiitiiiiieees ceee e s e e e e e e e e e e e 12-10
A-1 MCB8BLCO40 BIOCK DIagQram ........ccuuuuiiiieiiiiiiiiiiees ceeeeeiiis e e et e e e e eenans A-2
A-2 MCG68LCO040 Programming Model ...........cooooviiiiiiiiiiiiii e A-3
A-3 MC68LC040 Functional Signal Groups............euuuveiiiiiiiiieeee ceeeeeeeeeeeeeeannnnnnns A-4
A-4 Clock Input TIMIiNg DIiagram ...........iiiiiiiiiiiiie et e A-10
A-5 REAU/WITEE TIMING ...ttt e e e e e e e e e e e e e e s A-13
A-6 Bus Arbitration TimMING .........coooiiiiiiieee e e e e A-14
A-7 Y oTo] oI o 11 0 T2 11 0T PR A-15
A-8 SNOOP MISS TIMING .eeviiiiiiiiiiiiiiieie e e e e e e e e e e e e e e e e e s s s A-16
A-9 Other Signal TIMING .....cooviiieicie e e e e e e e e e e e e eeaeanns A-17
B-1 MCGBECO40 BIOCK DIagram .........ccooiiiiiiiiiiiiiiiie e B-2
B-2 MCG68EC040 Programming Model .............oooviimiiiiiiiiies e, B-3
B-3 MCG68EC040 Functional Signal Groups ............euuveueiiiiiiiieeees e B-4
B-4 MCG68EC040 Access Control Register Format ...........cccccvvvviiiiiiiiie e, B-6
B-5 MCG68EC040 Initial Power-On Reset TiMiNg..........cccovvvvviiiiiiiiiii e B-8
B-6 MCGB68EC040 Normal Reset TIMING .....ccevvvuuiiiiiiiiaeaeeeees e e e B-9
B-7 Clock Input TimiNg DIAQram ..........uuuuueiiiiiiieiiiiiees e eee e B-14
B-8 REAA/WHIILE TIMING ..vvueiiiiei et e e e e e e e B-17
B-9 Bus Arbitration TIMING ..........uueieiieiiiiiiiiiiei s oo B-18
XX M68040 USER’S MANUAL MOTOROLA

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



Freescale Semiconductor, Inc.

LIST OF ILLUSTRATIONS (Continued)

Figure Page
Number Title Number
= KO IS Y s To o] o JN o 1 A 110 11 0T TR SRRPPP B-19
B-11  SNOOP MiISS TIMING ..cciiiiiiiiiiii it ettt B-20
B-12  Other Signal TIMING ....coooiriiiiiiiieeee e e e e e e e e e e e e e e eaaaaaaaes B-21
C-1 MC68040V and MC68EC040V Functional Signal Groups .........cccccceeeeeeeenn. C-3
C-2 MC68040V and MC68EC040V Initial Power-On Reset Timing ................... C-8
C-3 MC68040V and MCG68EC040V Normal Reset TimiNg..........cceeeiieeeeeeeeneeenee C-9
C-4 MC68040V and MC68EC040V Test Logic Block Diagram ................c..eveee.e. C-11
C-5 BYPASS REQISIEN ...uuiiiiiii et et e e e e e e e C-13
C-6 Output Latch Cell (O.LatCh) ... e C-14
C-7 INPUL PIN Cell (1LPIN) oiiiieeeeeeie e e e e e e e e e e e e e eenaeannnnes C-14
C-8 Output Control Cells (IO.Ct) ovvvueiiiieeece e e C-15
C-9 General Arrangement of Bidirectional PiNS ..............eevviiiiiiiiiiiie s C-15
C-10 Circuit Disabling IEEE Standard 1149.1A .......cooiiiiiii it e C-17
C-11 Drive Levels and Test Points for AC Specifications ............ccccceeeveeeveiiiiinnns C-18
C-12  Clock Input Timing DIagram ......ccoooiiiiiiiiiiiiiiiit e C-21
C-13  Read/WIE TIMING .eeeiiiriiiiiiiiieieeeeee e e e eee eee et s e e e e e e e e e e e e e e e eeeaaeeannn s C-24
C-14  BuUS Arbitration TIMING .....covuuiiieeiiiiiie e e e e e e e e e e e e eeneaaas C-25
C-15  SNOOP HiIt TIMING .ceiiiiiiiiiiiiieee e e C-26
C-16  SNOOP MISS TIMING ....iiiiieeeeeiiieeeee s e e e e e e e e e e e e e e aaeeeeees C-27
C-17  Other Signal TIMING ...coooiiiiiiiiiiiiiiiaae s et e e e e e e e e e eeeeeeaeeees C-28
C-18 Going into LPSTOP with Arbitration ..........ccccuvviiiiiiiiiiiiiee oo C-29
C-19 LPSTOP no Arbitration, CPU iS MASIEr ...........uuvueiiiiiiiiiiiiiies eeeiiiiniieenee C-30
C-20 Exiting LPSTOP With INtEITUPL......cooiiiiieieee s e C-31
C-21  Exiting of LPSTOP With RESET .......ccoiiiii e C-31
MOTOROLA M68040 USER’S MANUAL XXi

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



Freescale Semiconductor, Inc.

LIST OF TABLES
Table Page

Number Title Number
1-1 MBB040 Data FOIMALS .....coeveiiieiieiiie et e e eeennns 1-9
1-2 Effective ADdressing MOAES ..........uuuuiiiiiiiiiiiiiiiees e 1-10
1-3 Notational CONVENTIONS .......c.uueiiiiiiiiiiiiiiiiiees cee e e e e e e e e e e eeeeas 1-11
1-4 INSLrUCION SEt SUMMIAIY .....coiiiiiiieeeeee e e e e e 1-14
3-1 Updating U-Bit and M-Bit for Page DescCriptors.........ccccovvvvvvveviiiiii v, 3-22
3-2 SFC and DFC ValUS.....ccoiieieii it e 3-22
4-1 Snoop Control ENCOAING ......cooiviiiecee e e 4-9
4-2 LI DG =t T oo [ T U 4-11
4-3 Instruction-Cache Line State TransSitionNs .............cvviiiiiiiiieeeees oo 4-15
4-4 Data-Cache Line State TranSitioNs .............uuvviviieiiiiiiiees coeeeeeessseniiieennene 4-17
5-1 SIGNAI INAEX e e 5-2
5-2 Transfer-Type ENCOAING .....ccoooeiiiiiiiieeee e 5-5
5-3 Normal and MOVE16 Access Transfer Modifier Encoding ..............c.cvvveeeee. 5-6
5-4 Alternate Access Transfer Modifier Encoding ..........ooovvvvviiiiiiiiiie e, 5-6
5-5 Output Driver Control GIOUPS .....uuuiieeiiiiiiiiee e s et eeeaaa s 5-11
5-6 Processor Status ENCOING ......ccoiiiiiiiiiiiiiiiiii ettt 5-13
5-7 SIGNAl SUMMIAIY ... e e e e e e e e e e e e e e e e e e eeeeeeennnne 5-16
6-1 IEEE Standard 1149.1A INSIUCLIONS ....coiiiieieieeiiiieeeeeeiiiiin e 6-3
6-2 Boundary Scan Bit DefiNitioNS .........uueiiiiiiiiiiieeeiiiee e 6-10
7-1 Data Bus Requirements for Read and Write CycCles ...........cccvveviiiieeeeeeene e, 7-4
7-2 Summary of Access Types versus Bus Signal Encodings...........cccccevvvvnneee. 7-6
7-3 Memory Alignment Influence on Noncachable and

Write-Through BUS CyYCIES ..ot e 7-9
7-4 Interrupt Acknowledge Termination SUMMaArY ............covvveeiiiiiiiieees eeeeeeeean, 7-31
7-5 TA and TEA ASSertion RESUIS ...........cceeviieeeeeieet e 7-37
7-6 M68040 Bus Arbitration STAteS ..........cceevviiiiimiiiiiiies eee e 7-48
8-1 Exception Vector ASSIGNMENTS ......covuiiiiiiiiiiiie et e 8-5
8-2 Tracing CONTIOl .......uuiiiiiiiiiii i e e e 8-11
8-3 Interrupt Levels and Mask ValUes..............cciiiiiiiiieeeiie e 8-12
8-4 EXCeption Priority GrOUPS ......ccooiiiiiiiiiiiiiiiiiia s e ee e 8-19
XXii M68040 USER’S MANUAL MOTOROLA

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



Freescale Semiconductor, Inc.

LIST OF TABLES (Continued)

Table Page
Number Title Number
8-5 Write-Back Data AIGNMENT ......c.coiiiiiiiiiiiie e e 8-27
8-6 Access Error Stack Frame Combinations .............ccceuviiiiiiiiies i e 8-31
9-1 Floating-Point Control Register ENCOdiNgS ..........uuuviiiiiiiiiiiiiiie e 9-3
9-2 MC68040 FPU Data Formats and Data TYPES .....ccevvveieieeeeeieieiiiiiie i 9-7
9-3 Single-Precision Real Format SUMMary ............ccccciiiiiiiiiiieeee e, 9-8
9-4 Double-Precision Real Format SUMmary .............cccceeeiiiiiieeeees e 9-9
9-5 Extended-Precision Real Format SUMMAry ..........cccccuvvuiiiiiiiiiiiie e 9-10
9-6 Packed Decimal Real Format SUMMaAry ............ccccovvvviiiiiiiii s 9-11
9-7 Floating-Point Condition Code ENCOdiNgS..........ccooviiiiiiiiiiiiit e 9-17
9-8 Floating-Point Conditional TESES ........cccoiiiiiiiiiiii e e e 9-19
9-9 Floating-Point EXCepPtion VECIOIS ........cccuuviiiiiiiiiiiiieces e 9-20
9-10  Unimplemented INSIIUCHIONS ..........uuuiiiiiiiiiiiiiiiieee e 9-21
9-11 Possible Operand Errors EXCEPLIONS ......ccoeieeeiiiiiiiiieiiiiiiie e e e e e 9-29
9-12  Overflow Rounding Mode ValUes...........cooeviiiiiiiiiiiiiis e 9-32
9-13  Underflow Rounding Mode ValUES.............uuuuiiiiiiiiiiiiiis e 9-34
9-14  Possible Divide by Zero EXCEpPtioNS ..........oovvvviiiiiiiiiiiiies e eeeeee e 9-36
9-15 Divide by Zero Rounding Mode Values.............cooeviiiiiiiiiiiii i, 9-37
9-16  State Frame Field INformation ..............ceiiiiiiieieeeies e 9-44
10-1  Instruction TiMING INAEX .....uuiiiiiiiiiiie e e 10-1
10-2  Number of MEMOIY ACCESSES .....ccooeeiiiiiiiiiiiieet ettt 10-3
10-3  CINV TIMING cetiiiiiieieiiiiiiiiiii e e et e e e e e e e e e e e e s s s bbb bbb e e e eeeeeeas .10-8
10-4 CPUSH Best and Worst Case TIMING .......ccooeeiiiiiiiiiiiiiiiiiin e ee e 10-8
11-1  Maximum Power Dissipation for Output Buffer Mode Configuration............. 11-13
11-2  Thermal Parameters with No Heat Sink or Airflow ...........cceeiiiiiiiiiiii e, 11-17
11-3 Thermal Parameters with Forced Airflow and

No Heat Sink for the MCB8040 ..........ccooiiiiiiiiii e 11-18
11-4  Thermal Parameters with Forced Airflow and

No Heat Sink for the MC68LC040 and MCG68ECO040 ...........eceeevvvvvveeennnnns .11-19
11-5 Thermal Parameters with Heat Sink and No Airflow .............ccccccoiiiiinnne, 11-21
11-6  Thermal Parameters with Heat Sink and Airflow.............ccooovviiiiiiiiin i, 11-22
C-1 Additional MC68040V and MCG68ECO040V Signals..........ccceeeeveiiiiiiiiicn e C-2
C-2 Bus Encodings During LPSTOP Broadcast CycCle ...........ccceeevvvviiiiiiiiin e C-4
C-3 IEEE Standard 1149.1A INSIUCLIONS .......cccvviiiiiiiiiiiiiieeees ceeeeeeeeeeeeeeeeeeaeennnnns C-12
E-1 MC68040 Floating-Point INSIFUCHIONS ......coovviiieeeiiieeeeeeeeiiie et E-2
E-2 MCG68040FPSP Floating-Point INStrUCIONS ..........ccvviiiiiiiiiieieiiis i E-3
E-3 Support for Data Types and Data FOrmats .............ccoooevvvvviiviiiin i, E-4
E-4 EXCePtion CONAITIONS ....vviiiiiiiiiiiiiiiieece e e E-4
MOTOROLA M68040 USER’S MANUAL xxiii

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



Freescale Semiconductor, Inc.

SECTION 1
INTRODUCTION

The MC68040, MC68040V, MC68LC040, MC68EC040, and MC68EC040V (collectively
called M68040) are Motorola’s third generation of M68000-compatible, high-performance,
32-bit microprocessors. All five devices are virtual memory microprocessors employing
multiple concurrent execution units and a highly integrated architecture that provides very
high performance in a monolithic HCMOS device. They integrate an MC68030-compatible
integer unit (IU) and two independent caches. The MC68040, MC68040V, and
MC68LC040 contain dual, independent, demand-paged memory management units
(MMUSs) for instruction and data stream accesses and independent, 4-Kbyte instruction
and data caches. The MC68040 contains an MC68881/MC68882-compatible floating-
point unit (FPU). The use of multiple independent execution pipelines, multiple internal
buses, and a full internal Harvard architecture, including separate physical caches for both
instruction and data accesses, achieves a high degree of instruction execution parallelism
on all three processors. The on-chip bus snoop logic, which directly supports cache
coherency in multimaster applications, enhances cache functionality.

The M68040 family is user object-code compatible with previous M68000 family members
and is specifically optimized to reduce the execution time of compiler-generated code. All
five processors implement Motorola’s latest HCMOS technology, providing an ideal
balance between speed, power, and physical device size.

1.1 DIFFERENCES

Because the functionality of individual M68040 family members are similar, this manual is
organized so that the reader will take the following differences into account while reading
the rest of this manual. Unless otherwise noted, all references to M68040, with the
exception of the differences outlined below, will apply to the MC68040, MC68040V,
MC68LC040, MC68EC040, and MC68EC040V. The following paragraphs describe the
differences of MC68040V, MC68LC040, MC68EC040, and the MC68BEC040V from the
MC68040.

1.1.1 MC68040V and MC68LC040

The MC68040V and MC68LCO040 are derivatives of the MC68040. They implement the
same |IU and MMU as the MC68040, but have no FPU. The MC68LCO040 is pin compatible
with the MC68040. The MC68040V is not pin compatible with the MC68040 and contains
some additional features. The following differences exist between the MC68040V,
MC68LC040, and MC68040:
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e The DLE pin name has been changed to JSO on both the MC68040V and
MC68LC040. In addition, the MC68040V contains three new pins, system clock
disable (SCD), low frequency operation (LFO), and loss of clock (LOC).

* The MC68040V and MC68LC040 do not implement the data latch enable (DLE),
multiplexed, or output buffer impedance selection modes of operation. They
implement only the small output buffer mode of operation. All timing and drive
capabilities on both devices are equivalent to those of the MC68040 in small output
buffer impedance mode. The MC68040V has an additional mode of operation, the
low-power stop mode of operation.

¢ The MC68040V and MC68LC040 do not contain an FPU, causing unimplemented
floating-point exceptions to occur using a new stack frame format.

* The MC68040V is a 3.3 volt static microprocessor that operates down to 0 MHz.

For specific details on the MC68LC040, refer to Appendix A MC68LCO040. For specific
details on the MC68040V, refer to both Appendix A MC68LC040 and Appendix C
MC68040V and MC68ECO040V. Disregard all information concerning the FPU when
reading the following subsections.

1.1.2 MC68EC040 and MC68EC040V

The MC68EC040 and MC68EC040V are derivatives of the MC68040. They implement the
same IU as the MC68040, but have no FPU or MMU, which embedded control
applications generally do not require. The MC68EC040 is pin compatible with the
MC68040. The following differences exist between the MC68EC040, MC68EC040V, and
the MC68040:

* The DLE and MDI S pin names have been changed to JSO and JS1, respectively.

 PTEST and PFLUSH instructions cause an undetermined number of bus cycles; the
user should not execute these instructions.

» The access control unit (ACU) replaces the MMU. The MC68EC040 and
MC68EC040V ACU has two data and two instruction registers that are called data
and instruction transparent translation registers in the MC68040.

* The MC68EC040 and MC68EC040V do not implement the DLE, multiplexed, or
output buffer impedance selection modes of operation. They only implement the small
output buffer mode of operation. All MC68EC040 and MC68EC040V timing and drive
capabilities are equivalent to the MC68040 in small output buffer mode.

* The MC68EC040 and MC68EC040V do not contain an FPU, causing unimplemented
floating-point exceptions to occur using a new stack frame format.

* The MC68040V is a 3.3 volt static microprocessor that operates down to 0 MHz.

Refer to Appendix B MC68EC040 for specific details on the MC68EC040. Refer to
Appendix B MC68EC040 and Appendix C MC68040V and MC68EC040V for specific
details on the MC68EC040V. Disregard information concerning the FPU and MMU
when reading the following subsections.
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1.2 FEATURES

The main features of the M68040 are as follows:
» 6-Stage Pipeline, MC68030-Compatible U
» MC68881/MC68882-Compatible FPU
* Independent Instruction and Data MMUs

» Simultaneously Accessible, 4-Kbyte Physical Instruction Cache and 4-Kbyte Physical
Data Cache

» Low-Latency Bus Accesses for Reduced Cache Miss Penalty

» Multimaster/Multiprocessor Support via Bus Snooping

e Concurrent IU, FPU, MMU, and Bus Controller Operation Maximizes Throughput

» 32-Bit, Nonmultiplexed External Address and Data Buses with Synchronous Interface
» User Object-Code Compatible with All Earlier M68000 Microprocessors

* 4-Ghyte Direct Addressing Range

» Software Support Including Optimizing C Compiler and UNIX® System V Port

The on-chip FPU and large physical instruction and data caches yield improved system
performance and increased functionality. The independent instruction and data MMUs and
increased internal parallelism also improve performance.

1.3 EXTENSIONS TO THE M68000 FAMILY

The M68040 is compatible with the ANSI/IEEE Standard 754 for Binary Floating-Point
Arithmetic. The MC68040’s FPU has been optimized to execute the most commonly used
subset of the MC68881/MC68882 instruction sets and includes additional instruction
formats for single- and double-precision rounding results. Software emulates floating-point
instructions not directly supported in hardware. Refer to Appendix E M68040 Floating-
Point Emulation (MC68040FPSP) for details on software emulation. The MOVE16 user
instruction is new to the instruction set, supporting efficient 16-byte memory-to-memory
data transfers.

1.4 FUNCTIONAL BLOCKS

Figure 1-1 illustrates a simplified block diagram of the MC68040. Refer to Appendix A
MC68L C040 for information on the MC68LC040’s and MC68040V's functional blocks; and
Appendix B MC68ECO040 for information on the MC68EC040’s and MCG68EC040V's
functional blocks.

The M68040 IU pipeline has been expanded from the MC68030 to include effective
address calculation (<ea> calculate) and operand fetch ea> fetch) stages with
commonly used effective addressing modes. Conditional branches are optimized for the

® UNIX is a registered trademark of AT&T Bell Laboratories.
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more common case of the branch taken, and both execution paths of the branch are
fetched and decoded to minimize refilling of the instruction pipeline.

INSTRUCTION DATA BUS >

{}

NS

INSTRUCTION :> INSTRUCTION
ATC CACHE

NS ﬁ F ﬁ r INSTRUCTION
INSTRUCTION > INSTRUCTION ADDRES
FETCH MMUICACHE/SNOOP ;
CONVERT CONTROLLER 8
< DECODE INSTRUCTION MEMORY UNIT S OORESS
BUS
EA c
CALCULATE 0
N
EXECUTE ” N
FETCH . VA:V,\DATA
0 BUS
KM | Execute DATA MEMORY UNIT L
WRITE- DATA L
BACK DATA ADDRESS E
WRITE- MMUICACHE/SNOOP <: i R <:>
BACK CONTROLLER BUS
FLOATING- INTEGER @ CS(ID(IB\IJE&L
POINT UNIT
UNIT DATA DATA
ATC :"\/\ CACHE

A4

OPERAND DATA BUS

Figure 1-1. Block Diagram

To improve memory management, the M68040 includes separate, independent paged
MMUs for instruction and data accesses. Each MMU stores recently used address
mappings in separate 64-entry address translation caches (ATCs). Each MMU also has
two transparent translation registers that define a one-to-one mapping for address space
segments ranging in size from 16 Mbytes to 4 Gbytes each.

Two memory units independently interface with the IU and FPU. Each unit consists of an
MMU, an ATC, a main cache, and a snoop controller. The MMUs perform memory
management on a demand-page basis. By translating logical-to-physical addresses using
translation tables stored in memory, the MMUs support virtual memory systems. Each
MMU stores recently used address mappings in an ATC, reducing the average translation
time.

Separate on-chip instruction and data caches operate independently and are accessed in
parallel with address translation. The caches improve the overall performance of the
system by reducing the number of bus transfers required by the processor to fetch
information from memory and by increasing the bus bandwidth available for alternate bus

1-4 M68040 USER’S MANUAL MOTOROLA

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



Freescale Semiconductor, Inc.

masters in the system. Both caches are organized as four-way set associative with 64
sets of four lines. Each line contains four long words for a storage capability of 4 Kbytes
for each cache (8 Kbytes total). Each cache and corresponding MMU is allocated
separate internal address and data buses, allowing simultaneous access to both. The
data cache provides write-through or copyback write modes that can be configured on a
page-by-page basis. The caches are physically mapped, reducing software support for
multitasking operating systems, and support external bus snooping to maintain cache
coherency in multimaster systems.

The bus snoop logic provides cache coherency in multimaster applications. The bus
controller executes bus transfers on the external bus and prioritizes external memory
requests from each cache. The M68040 bus controller supports a high-speed,
nonmultiplexed, synchronous, external bus interface supporting burst accesses for both
reads and writes to provide high data transfer rates to and from the caches. Additional bus
signals support bus snooping and external cache tag maintenance.

The MC68040 contains an on-chip FPU, which is user object-code compatible with the
MC68881/MC68882 floating-point coprocessors. The FPU has pipelined instruction
execution. Floating-point instructions in the FPU execute concurrently with integer
instructions in the 1U.

1.5 PROCESSING STATES

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

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

The processor halts when it receives an access error or generates an address error while
in the exception processing state. For example, if during exception processing of one
access error another access error occurs, the MC68040 is unable to complete the
transition to normal processing and cannot save the internal state of the machine. The
processor assumes that the system is not operational and halts. Only an external reset
can restart a halted processor. Note that when the processor executes a STOP
instruction, it is in a special type of normal processing state, one without bus cycles. The
processor stops, but it does not halt.

1.6 PROGRAMMING MODEL

The MC68040 programming model is separated into two privilege modes: supervisor and
user. The S-bit in the status register (SR) indicates the privilege mode that the processor
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uses. The IU identifies a logical address by accessing either the supervisor or user
address space, maintaining the differentiation between supervisor and user modes. The
MMUs use the indicated privilege mode to control and translate memory accesses,
protecting supervisor code, data, and resources from user program accesses. Refer to
Appendix B MC68ECO040 for details concerning the MC68EC040 address translation.

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

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

If the S-bit in the SR is set, the processor executes instructions in the supervisor mode.
Because the processor performs all exception processing in the supervisor mode, all bus
cycles generated during exception processing are supervisor references, and all stack
accesses use the active supervisor stack pointer. If the S-bit of the SR is clear, the
processor executes instructions in the user mode. The bus cycles for an instruction
executed in the user mode are user references. The values on the transfer modifier pins
indicate either supervisor or user accesses.

The processor utilizes the user mode and the user programming model when it is in
normal processing. During exception processing, the processor changes from user to
supervisor mode. Exception processing saves the current value of the SR on the active
supervisor stack and then sets the S-bit, forcing the processor into the supervisor mode.
To return to the user mode, a system routine must execute one of the following
instructions: MOVE to SR, ANDI to SR, EORI to SR, ORI to SR, or RTE, which execute in
the supervisor mode, modifying the S-bit of the SR. After these instructions execute, the
instruction pipeline is flushed and is refilled from the appropriate address space.

The MC68040 integrates the functions of the IU, FPU, and MMU. The registers depicted
in the programming model (see Figure 1-2) provide operand storage and control for these
three units. The registers are partitioned into two levels of privilege modes: user and
supervisor. The user programming model is the same as the user programming model of
the MC68030, which consists of 16, general-purpose, 32-bit registers and two control
registers. The MC68040 user programming model also incorporates the
MC68881/MC68882 programming model consisting of eight, 80-bit, floating-point data
registers, a floating-point control register, a floating-point status register, and a floating-
point instruction address register.
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Only system programmers can use the supervisor programming model to implement
operating system functions, 1/0 control, and memory management subsystems. This
supervisor/user distinction in the M68000 family architecture allows for the writing of
application software that executes in the user mode and migrates to the MC68040 from
any M68000 family platform without modification. The supervisor programming model
contains the control features that system designers need to modify system software when
porting to a new design. For example, only the supervisor software can read or write to
the transparent translation registers of the MC68040. The existence of the transparent
translation registers does not affect the programming resources of user application

programs.
31 0 79
Do FPO
D1 FP1
D2 FP2
DATA D3 FLOATING-POINT EP3
REGISTERS D4 DATA iy
D5 REGISTERS
FP5
D6 FP6
b7 FP7
AO
| ﬁi 31 15
ADDRESS — as FP CONTROL REGISTER 0 [ FPCR
REGISTERS — | aa FP STATUS REGISTER FPSR
— s FP INSTRUCTION ADDRESS REGISTER FPIAR
A6
A7USP  USER STACK POINTER
PC PROGRAM COUNTER
o CCR CONDITION CODE REGISTER
USER PROGRAMMING MODEL
31 0
AT/ISP INTERRUPT STACK POINTER
AT'IMSP  MASTER STACK POINTER
" (CCR) | SR STATUS REGISTER (CCR IS ALSO SHOWN IN THE USER PROGRAMMING MODEL)
VBR VECTOR BASE REGISTER
SFC SOURCE FUNCTION CODE
DFC DESTINATION FUNCTION CODE
CACR CACHE CONTROL REGISTER
URP USER ROOT POINTER REGISTER
SRP SUPERVISOR ROOT POINTER REGISTER
TC TRANSLATION CONTROL REGISTER
DTTO DATA TRANSPARENT TRANSLATION REGISTER 0
DTTL DATA TRANSPARENT TRANSLATION REGISTER 1
ITTO INSTRUCTION TRANSPARENT TRANSLATION REGISTER 0
ITT1 INSTRUCTION TRANSPARENT TRANSLATION REGISTER 1
MMUSR  MMU STATUS REGISTER
SUPERVISOR PROGRAMMING MODEL
Figure 1-2. Programming Model
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The user programming model includes eight data registers, seven address registers, and
a stack pointer register. The address registers and stack pointer can be used as base
address registers or software stack pointers, and any of the 16 registers can be used as
index registers. Two control registers are available in the user mode—the program
counter (PC), which usually contains the address of the instruction that the MC68040 is
executing, and the lower byte of the SR, which is accessible as the condition code register
(CCR). The CCR contains the condition codes that reflect the results of a previous
operation and can be used for conditional instruction execution in a program.

The supervisor programming model includes the upper byte of the SR, which contains
operation control information. The vector base register (VBR) contains the base address
of the exception vector table, which is used in exception processing. The source function
code (SFC) and destination function code (DFC) registers contain 3-bit function codes.
These function codes can be considered extensions to the 32-bit logical address. The
processor automatically generates function codes to select address spaces for data and
program accesses in the user and supervisor modes. Some instructions use the alternate
function code registers to specify the function codes for various operations.

The cache control register (CACR) controls enabling of the on-chip instruction and data
caches of the MC68040. The supervisor root pointer (SRP) and user root pointer (URP)
registers point to the root of the address translation table tree to be used for supervisor
and user mode accesses.

The translation control register (TCR) enables logical-to-physical address translation and
selects either 4- or 8-Kbyte page sizes. There are four transparent translation registers,
two for instruction accesses and two for data accesses. These registers allow portions of
the logical address space to be transparently mapped and accessed without the use of
resident descriptors in an ATC. The MMU status register (MMUSR) contains status
information derived from the execution of a PTEST instruction. The PTEST instruction
searches the translation tables for the logical address, specified by this instruction’s
effective address field and the DFC, and returns status information corresponding to the
translation.

The user programming model can also access the entire floating-point programming
model. The eight 80-bit floating-point data registers are analogous to the integer data
registers. A 32-bit floating-point control register (FPCR) contains an exception enable byte
that enables and disables traps for each class of floating-point exceptions and a mode
byte that sets the user-selectable rounding and precision modes. A floating-point status
register (FPSR) contains a condition code byte, quotient byte, exception status byte, and
accrued exception byte. A floating-point exception handler can use the address in the 32-
bit floating-point instruction address register (FPIAR) to locate the floating-point instruction
that has caused an exception. Instructions that do not modify the FPIAR can be used to
read the FPIAR in the exception handler without changing the previous value.
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1.7 DATA FORMAT SUMMARY

The M68040 supports the basic data formats of the M68000 family. Some data formats
apply only to the 1U, some only to the FPU, and some to both. In addition, the instruction
set supports operations on other data formats such as memory addresses.

The operand data formats supported by the IU are the standard twos-complement data
formats defined in the M68000 family architecture plus a new data format (16-byte block)
for the MOVEL6 instruction. Registers, memory, or instructions themselves can contain U
operands. The operand size for each instruction is either explicitly encoded in the
instruction or implicitly defined by the instruction operation.

Whenever an integer is used in a floating-point operation, the FPU automatically converts
it to an extended-precision floating-point number before using the integer. The FPU
implements single- and double-precision floating-point data formats as defined by the
IEEE 754 standard. The FPU does not directly support packed decimal real format.
However, by trapping as an unimplemented data format instead of as an illegal instruction,
software emulation supports the packed decimal format. Additionally, each data format
has a special encoding that represents one of five data types: normalized numbers,
denormalized numbers, zeros, infinities, and not-a-numbers (NANs). Table 1-1 lists the
data formats for both the IU and the FPU. Refer to M68000PM/AD, M68000 Family
Programmer’s Reference Manual, for details on data format organization in registers and
memory.

Table 1-1. M68040 Data Formats

Operand Data Format Size Supported In Notes
Bit 1 Bit U —
Bit Field 1-32 Bits U Field of Consecutive Bits
Binary-Coded Decimal (BCD) 8 Bits U Packed: 2 Digits/Byte; Unpacked: 1 Digit/Byte
Byte Integer 8 Bits U, FPU —
Word Integer 16 Bits U, FPU —
Long-Word Integer 32 Bits U, FPU —
Quad-Word Integer 64 Bits (V] Any Two Data Registers
16-Byte 128 Bits (U] Memory Only, Aligned to 16-Byte Boundary
Single-Precision Real 32 Bits FPU 1-Bit Sign, 8-Bit Exponent, 23-Bit Fraction
Double-Precision Real 64 Bits FPU 1-Bit Sign, 11-Bit Exponent, 52-Bit Fraction
Extended-Precision Real 80 Bits FPU 1-Bit Sign, 15-Bit Exponent, 64-Bit Mantissa

1.8 ADDRESSING CAPABILITIES SUMMARY

The M68040 supports the basic addressing modes of the M68000 family. The register
indirect addressing modes support postincrement, predecrement, offset, and indexing,
which are particularly useful for handling data structures common to sophisticated
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applications and high-level languages. The program counter indirect mode also has
indexing and offset capabilities. This addressing mode is typically required to support
position-independent software. Besides these addressing modes, the M68040 provides
index sizing and scaling features.

An instruction’s addressing mode can specify the value of an operand, a register
containing the operand, or how to derive the effective address of an operand in memory.
Each addressing mode has an assembler syntax. Some instructions imply the addressing
mode for an operand. These instructions include the appropriate fields for operands that
use only one addressing mode. Table 1-2 lists a summary of the effective addressing
modes for the M68040. Refer to M68000PM/AD, M68000 Family Programmer’s
Reference Manual, for details on instruction format and addressing modes.

Table 1-2. Effective Addressing Modes

Addressing Modes Syntax

Register Direct

Data Dn

Address An
Register Indirect

Address (An)

Address with Postincrement (An)+

Address with Predecrement —(An)

Address with Displacement (d16,An)
Address Register Indirect with Index

8-Bit Displacement dg,An,Xn)

Base Displacement (bd,An,Xn)

Memory Indirect
Postindexed
Preindexed

([bd,An],Xn,od)
([bd,An,Xn],od)

Program Counter Indirect

with Displacement d16.PC)
Program Counter Indirect with Index

8-Bit Displacement dg,PC,Xn)

Base Displacement (bd,PC,Xn)

Program Counter Memory Indirect
Postindexed

([bd,PC],Xn,0d)

Preindexed ([bd,PC,Xn],od)
Absolute Data Addressing

Short (xxx).W

Long (xxx).L
Immediate HIXXX>
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1.9 NOTATIONAL CONVENTIONS

Table 1-3 lists the notation conventions used throughout this manual unless otherwise

specified.

Table 1-3. Notational Conventions

Single- And Double-Operand Operations

Arithmetic addition or postincrement indicator.

Arithmetic subtraction or predecrement indicator.

Arithmetic multiplication.

Arithmetic division or conjunction symbol.

Invert; operand is logically complemented.

Logical AND

Logical OR

Logical exclusive OR

e |O|<|>

Source operand is moved to destination operand.

t o

Two operands are exchanged.

<op>

Any double-operand operation.

<operand>tested

Operand is compared to zero and the condition codes are set appropriately.

sign-extended

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

Other Operations

TRAP Equivalent to Format + Offset Word g (SSP); SSP — 2 g SSP; PC & (SSP); SSP — 4 g SSP; SR
@ (SSP); SSP — 2 g SSP; (Vector) g PC
STOP Enter the stopped state, waiting for interrupts.
<operand>1Q The operand is BCD; operations are performed in decimal.

If <condition>
then <operations>
else <operations>

Test the condition. If true, the operations after “then” are performed. If the condition is false
and the optional “else” clause is present, the operations after “else” are performed. If the
condition is false and else is omitted, the instruction performs no operation. Refer to the Bcc
instruction description as an example.

Register Specification

An Any Address Register n (example: A3 is address register 3)
Ax, Ay Source and destination address registers, respectively.

BR Base Register—An, PC, or suppressed.

Dc Data register D7-D0, used during compare.
Dh, DI Data registers high- or low-order 32 bits of product.

Dn Any Data Register n (example: D5 is data register 5)
Dr, Dq Data register’s remainder or quotient of divide.

Du Data register D7-D0, used during update.
Dx, Dy Source and destination data registers, respectively.

MRn Any Memory Register n.

Rn Any Address or Data Register
Rx, Ry Any source and destination registers, respectively.

Xn Index Register—An, Dn, or suppressed.
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Table 1-3. Notational Conventions (Continued)

Data Format And Type

+ inf Positive Infinity
<fmt> Operand Data Format: Byte (B), Word (W), Long (L), Single (S), Double (D), Extended (X), or
Packed (P).
B, W, L Specifies a signed integer data type (twos complement) of byte, word, or long word.
D Double-precision real data format (64 bits).
k A twos complement signed integer (—64 to +17) specifying a number’s format to be stored in
the packed decimal format.
P Packed BCD real data format (96 bits, 12 bytes).
S Single-precision real data format (32 bits).
X Extended-precision real data format (96 bits, 16 bits unused).
—inf Negative Infinity

Subfields and Qualifiers

#<xxx> or #<data>

Immediate data following the instruction word(s).

O

Identifies an indirect address in a register.

[]

Identifies an indirect address in memory.

bd Base Displacement
cce Index into the MC68881/MC68882 Constant ROM
dn Displacement Value, n Bits Wide (example: d1g is a 16-bit displacement).
LSB Least Significant Bit
LSW Least Significant Word
MSB Most Significant Bit
MSW Most Significant Word
od Outer Displacement
SCALE A scale factor (1, 2, 4, or 8, for no-word, word, long-word, or quad-word scaling, respectively).
SIZE The index register’s size (W for word, L for long word).
{offset:width} Bit field selection.
Register Names
CCR Condition Code Register (lower byte of status register)
DFC Destination Function Code Register
FPcr Any Floating-Point System Control Register (FPCR, FPSR, or FPIAR)
FPm, FPn Any Floating-Point Data Register specified as the source or destination, respectively.
IC, DC, IC/DC Instruction, Data, or Both Caches
MMUSR MMU Status Register
PC Program Counter
Rc Any Non Floating-Point Control Register
SFC Source Function Code Register
SR Status Register
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Table 1-3. Notational Conventions (Concluded)

Register Codes
* General Case.
C Carry Bitin CCR
cc Condition Codes from CCR
FC Function Code
N Negative Bit in CCR
U Undefined, Reserved for Motorola Use.
\Y Overflow Bit in CCR
X Extend Bitin CCR
z Zero Bitin CCR
— Not Affected or Applicable.
Stack Pointers
ISP Supervisor/Interrupt Stack Pointer
MSP Supervisor/Master Stack Pointer
SP Active Stack Pointer
SSP Supervisor (Master or Interrupt) Stack Pointer
USP User Stack Pointer
Miscellaneous
<ea> Effective Address
<label> Assemble Program Label
<list> List of registers, for example D3-DO0.
LB Lower Bound
m Bit m of an Operand
m-n Bits m through n of Operand
uB Upper Bound

1.10 INSTRUCTION SET OVERVIEW

The instruction set is tailored to support high-level languages and is optimized for those
instructions most commonly executed. The floating-point instructions for the M68040 are a
commonly used subset of the MC68881/MC68882 instruction set with new arithmetic
instructions to explicitly select single- or double-precision rounding. The remaining
unimplemented instructions are less frequently used and are efficiently emulated in the
M68040FPSP, maintaining compatibility with the MC68881/MC68882 floating-point
coprocessors. The M68040 instruction set includes MOVEL16, a new user instruction that
allows high-speed transfers of 16-byte blocks between external devices such as memory
to memory or coprocessor to memory. Table 1-4 provides an alphabetized listing of the
M68040 instruction set’s opcode, operation, and syntax. Refer to Table 1-3 for notations
used in Table 1-4. The left operand in the syntax is always the source operand, and the
right operand is the destination operand. Refer to M68000PM/AD, M68000 Family
Programmer’s Reference Manual, for details on instructions used by the M68040.
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Table 1-4. Instruction Set Summary

Opcode Operation Syntax
ABCD BCD Source + BCD Destination + X g Destination | ABCD Dy,Dx
ABCD —(Ay),—(Ax)
ADD Source + Destination @ Destination ADD <ea>,Dn
ADD Dn,<ea>
ADDA Source + Destination g Destination ADDA <ea>,An
ADDI Immediate Data + Destination @ Destination ADDI #<data>,<ea>
ADDQ Immediate Data + Destination g Destination ADDQ #<data>,<ea>
ADDX Source + Destination + X g Destination ADDX Dy,Dx
ADDX —(Ay),—(Ax)
AND Source A Destination g Destination AND <ea>,Dn
AND Dn,<ea>
ANDI Immediate Data A Destination g Destination ANDI #<data>,<ea>
ANDI to CCR Source A CCR g CCR ANDI #<data>,CCR
ANDI to SR If supervisor state ANDI #<data>,SR
then Source A SR @ SR
else TRAP
ASL, ASR Destination Shifted by count g Destination ASd Dx,Dyl
ASd #<data>,Dyl
ASd <ea>1
Bcc If condition true Bcc <label>
then PC +dp @ PC
BCHG ~(bit number of Destination) @ Z; BCHG Dn,<ea>
~(bit number of Destination) @ (bit number) of BCHG #<data>,<ea>
Destination
BCLR ~(bit number of Destination) @ Z; BCLR Dn,<ea>
0 @ bit number of Destination BCLR #<data>,<ea>
BFCHG ~(bit field of Destination) @ bit field of Destination BFCHG <ea>{offset:width}
BFCLR 0 g bit field of Destination BFCLR <ea>{offset:width}
BFEXTS bit field of Source @ Dn BFEXTS <ea>{offset:width},Dn
BFEXTU bit offset of Source @ Dn BFEXTU <ea>{offset:width},Dn
BFFFO bit offset of Source Bit Scan g Dn BFFFO <ea>{offset:width},Dn
BFINS Dn g bit field of Destination BFINS Dn,<ea>{offset:width}
BFSET 1s @ bit field of Destination BFSET <ea>{offset:width}
BFTST bit field of Destination BFTST <ea>{offset:width}
BKPT Run breakpoint acknowledge cycle; BKPT #<data>
TRAP as illegal instruction
BRA PC+dp g PC BRA <label>
BSET ~(bit number of Destination) @ Z; BSET Dn,<ea>
1 @ bit number of Destination BSET #<data>,<ea>
BSR SP -4 g SP; PCg (SP); PC + dng PC BSR <label>
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Table 1-4. Instruction Set Summary (Continued)

Opcode Operation Syntax
BTST —(bit number of Destination) g Z; BTST Dn,<ea>
BTST #<data>,<ea>
CAS CAS Destination — Compare Operand @ cc; CAS Dc,Du,<ea>
if Z, Update Operand g Destination
else Destination g Compare Operand
CAS2 CAS2 Destination 1 — Compare 1 g cc; CAS2 Dc1-Dc2,Dul-Du2,(Rn1)—(Rn2)
if Z, Destination 2 — Compare @ cc;
if Z, Update 1 g Destination 1;
Update 2 g Destination 2
else Destination 1 g Compare 1;
Destination 2 g Compare 2
CHK If Dn < 0 or Dn > Source CHK <ea>,Dn
then TRAP
CHK2 IfRn<LBorlf Rn>UB CHK2 <ea>,Rn
then TRAP
CINV If supervisor state CINVL <caches>, (An)
then invalidate selected cache lines CINVP <caches>, (An)
else TRAP CINVA <caches>
CLR 0 @ Destination CLR <ea>
CMP Destination — Source @ cc CMP <ea>,Dn
CMPA Destination — Source CMPA <ea>,An
CMPI Destination — Immediate Data CMPI #<data>,<ea>
CMPM Destination — Source g cc CMPM (Ay)+,(AX)+
CMP2 Compare Rn < LB or Rn > UB CMP2 <ea>,Rn
and Set Condition Codes
CPUSH If supervisor state CPUSHL <caches>, (An)
then if data cache push selected dirty data CPUSHP <caches>, (An)
cache lines; invalidate selected cache lines CPUSHA <caches>
else TRAP
DBcc If condition false DBcc Dn,<label>
then (Dn—1 g Dn;
If Dn# -1
then PC + dp, 9 PC)
DIVS, DIVSL Destination + Source g Destination DIVS.W <ea>,Dn 32+ 16 g 16r:16q
DIVS.L <ea>,Dq 32+32@32q
DIVS.L <ea>,Dr:Dq 64 + 32 ¢ 32r:32q
DIVSL.L <ea>,Dr:Dg 32+ 32@32r:32q
DIVU, DIVUL Destination = Source @ Destination DIVU.W <ea>,Dn 32+ 16 g 16r:16q
DIVU.L <ea>,Dq 32+32@32q
DIVU.L <ea>,Dr:Dq 64 + 32 g32r:32q
DIVUL.L <ea>,Dr:Dq 32+ 32 @32r:32q
EOR Source O Destination g Destination EOR Dn,<ea>
EORI Immediate Data [0 Destination g Destination EORI #<data>,<ea>
EORI to CCR Source 0 CCR gCCR EORI #<data>,CCR
EORI to SR If supervisor state EORI #<data>,SR
then Source 0 SR g SR
else TRAP
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Table 1-4. Instruction Set Summary (Continued)

Opcode Operation Syntax
EXG Rxt @Ry EXG Dx,Dy
EXG Ax,Ay
EXG Dx,Ay
EXG Ay,Dx
EXT Destination Sign — Extended g Destination EXT.W Dn extend byte to word
EXTB EXT.LLDn extend word to long word
EXTB.LDn  extend byte to long word
FABS2 Absolute Value of Source g FPn FABS.<fmt> <ea>,FPn
FABS.X FPm,FPn
FABS.X FPn
FrABS.<fmt> <ea>,FPn3
FrABS.X FPm,FPn3
FrABS.X FPn3
FADD?Z Source + FPn g FPn FADD.<fmt> <ea>,FPn
FADD.X FPm,FPn
FrADD.<fmt> <ea>,FPn3
FrADD.X FPm,FPn3
FBcc? If condition true FBcc.SIZE <label>
then PC +dp o PC
FCMP2 EPn — Source FCMP.<fmt> <ea>,FPn
FCMP.X FPm,FPn
FDBcc2 If condition true FDBcc Dn,<label>
then no operation
else Dn—1@gDn
ifDn#-1
then PC +dp @ PC
else execute next instruction
FDIV2 FPn + Source g FPn FDIV.<fmt> <ea>,FPn
FDIV.X FPm,FPn
FrDIV.<fmt> <ea>,FPn3
FrDIV.X FPm,FPn3
FMOVE 2 Source g Destination FMOVE.<fmt> <ea>,FPn
FMOVE.<fmt> FPM,<ea>
FMOVE.P FPm,<ea>{Dn}
FMOVE.P FPm,<ea>{#k}
FrMOVE.<fmt> <ea>,FPn3
FMOVE 2 Source g Destination FMOVE.L <ea>,FPcr
FMOVE.L FPcr,<ea>
FMOVEMZ2 Register List g Destination FMOVEM.X <Iist>,<ea>4
Source g Register List FMOVEM.X Dn,<ea>
FMOVEM.X <ea> <list>%
FMOVEM.X <ea>,Dn
FMOVEMZ | Register List g Destination FMOVEM.L <list>,<ea>>
Source g Register List FMOVEM.L <ea>,<|is’[>5
FMUL2 Source x FPn g FPn FMUL.<fmt> <ea>,FPn
FMUL.X FPm,FPn
FrMUL<fmt> <ea>,FPn3
FrMUL.X FPm,FPn3
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Table 1-4. Instruction Set Summary (Continued)

Opcode Operation Syntax

FNEG?2 —(Source) g FPn FNEG.<fmt> <ea>,FPn
FNEG.X FPm,FPn
FNEG.X FPn

FrNEG.<fmt> <ea>,FPn3
FrNEG.X FPm,FPn3
FINEG.X FPn3

FNOP?2 None FNOP
FRESTOREZ | Ifin supervisor state FRESTORE <ea>
then FPU State Frame @ Internal State
else TRAP
FSAVE 2 If in supervisor state FSAVE <ea>
then FPU Internal State g State Frame
else TRAP
FScc?2 If condition true FScc.SIZE <ea>

then 1s g Destination
else Os g Destination

FSGLDIV FPn =+ Source g FPn FSGLDIV.<fmt> <ea>,FPn
FSGLDIV.X FPm,FPn

FSGLMUL Source x FPn g FPn FSGMUL.<fmt> <ea>,FPn
FSGLMUL.X FPm, FPn

FSQRT2 Square Root of Source g FPn FSQRT.<fmt> <ea>,FPn
FSQRT.X FPm,FPn
FSQRT.X FPn
FrSQRT.<fmt> <ea>,FPn3
FrSQRT FPm,FPn3
FrSQRT FPn3

FSUBZ FPn — Source g FPn FSUB.<fmt> <ea>,FPn
FSUB.X FPm,FPn
FrsuB.<fmt> <ea>,FPn3
FrSUB.X FPm,FPn3

FTRAPcc? If condition true FTRAPcc
then TRAP FTRAPcc.W #<data>
FTRAPcc.L #<data>
FTST2 Condition Codes for Operand g FPCC FTST.<fmt> <ea>
FTST.X FPm
ILLEGAL SSP - 2 g SSP; Vector Offsetg (SSP); ILLEGAL

SSP —4 g SSP; PC g (SSP);
SSp —2 g SSP; SR g (SSP);
lllegal Instruction Vector Address g PC

JMP Destination Address g PC JMP <ea>

JSR SP -4 g SP; PCg (SP) JSR <ea>
Destination Address g PC

LEA <ea> g An LEA <ea>,An

LINK SP — 4 g SP; An g(SP) LINK An,dp

SP g An, SP+d gSP
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Table 1-4. Instruction Set Summary (Continued)

Opcode Operation Syntax
LPSTOPS If supervisor state LPSTOP #<data>
immediate data g SR
SR g broadcast cycle
STOP
else TRAP
LSL, LSR Destination Shifted by count g Destination LSd Dx,Dy1
LSd #<data>,Dy1
LSd <ea>l
MOVE Source g Destination MOVE <ea>,<ea>
MOVEA Source g Destination MOVEA <ea>,An
MOVE CCR g Destination MOVE CCR <ea>
from CCR
MOVE to CCR | Source g CCR MOVE <ea>,CCR

MOVE from SR

If supervisor state
then SR g Destination

MOVE SR,<ea>

else TRAP
MOVE to SR If supervisor state MOVE <ea>,SR
then Source g SR
else TRAP
MOVE USP If supervisor state MOVE USP,An
then USP g An or An g USP MOVE An,USP
else TRAP
MOVE16 Source block g Destination block MOVE16 (Ax)+, (Ay)+7
MOVEL16 (xxx).L, (An)
MOVE16 (An), (xxx).L
MOVE16 (An)+, (xxx).L
MOVEC If supervisor state MOVEC Rc,Rn
then Rc @ Rn or Rn gRc MOVEC Rn,Rc
else TRAP
MOVEM Registers g Destination MOVEM <list> <ea>4
Source g Registers MOVEM <ea>,<|ist>4
MOVEP Source g Destination MOVEP Dx,(dn,Ay)
MOVEP (dp,Ay),Dx
MOVEQ Immediate Data g Destination MOVEQ #<data>,Dn
MOVES If supervisor state MOVES Rn,<ea>
then Rn g Destination [DFC] or MOVES <ea>,Rn
Source [SFC] g Rn
else TRAP
MULS Source x Destination g Destination MULS.W <ea>,Dn 16 x 16 32
MULS.L <ea>,DI 32 x32@32
MULS.L <ea>,Dh-DI 32 x32 g64
MULU Source x Destination g Destination MULU.W <ea>,Dn 16 x 16 932
MULU.L <ea>,DI 32 x32@32
MULU.L <ea>,Dh-DI 32 x32 g64
NBCD 0 — (Destination1g) — X @ Destination NBCD <ea>
NEG 0 — (Destination) g Destination NEG <ea>
NEGX 0 — (Destination) — X g Destination NEGX <ea>
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Table 1-4. Instruction Set Summary (Continued)
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Go to: www.freescale.com

Opcode Operation Syntax
NOP None NOP
NOT ~ Destination g Destination NOT <ea>
OR Source V Destination g Destination OR <ea>,Dn
OR Dn,<ea>
ORI Immediate Data V Destination g Destination ORI #<data>,<ea>
ORI to CCR Source V CCR g CCR ORI #<data>,CCR
ORI to SR If supervisor state ORI #<data>,SR
then Source V SR g SR
else TRAP
PACK Source (Unpacked BCD) + adjustment g PACK —(Ax),—(Ay),#(adjustment)
Destination (Packed BCD) PACK Dx,Dy,#(adjustment)
PEA SP -4 g SP; <ea>g (SP) PEA <ea>
PFLUSHS If supervisor state PFLUSH (An)
then invalidate instruction and data ATC entries | PFLUSHN (An)
for destination address PFLUSHA
else TRAP PFLUSHAN
PTESTS If supervisor state PTESTR (An)
then logical address status g MMUSR; PTESTW (An)
entry g ATC
else TRAP
RESET If supervisor state RESET
then Assert RSTO Line
else TRAP
ROL, ROR Destination Rotated by count g Destination ROd Rx,Dy1
ROd #<data> Dyl
ROXL, ROXR Destination Rotated with X by count g Destination | ROXd Dx,Dy1
ROXd #<data>,Dy!
ROXd <ea>1
RTD (SP)@PC; SP +4 +d, 8 SP RTD #(dp)
RTE If supervisor state RTE
then (SP) g SR; SP + 2@ SP; (SP) gPC;
SP + 4 g SP; restore state and deallocate
stack according to (SP)
else TRAP
RTR (SP) g CCR; SP + 2 g SP; RTR
(SP)@PC; SP + 4 g SP
RTS (SP)@PC; SP + 4 g SP RTS
SBCD Destination10 — Source 19 — X @ Destination SBCD Dx,Dy
SBCD —(Ax),—(Ay)
Sce If condition true Scc <ea>
then 1s @ Destination
else Os g Destination
STOP If supervisor state STOP #<data>
then Immediate Data @ SR; STOP
else TRAP
sSuB Destination — Source g Destination SUB <ea>,Dn
SUB Dn,<ea>
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Table 1-4. Instruction Set Summary (Concluded)

Opcode Operation Syntax
SUBA Destination — Source g Destination SUBA <ea>,An
SUBI Destination — Immediate Data g Destination SUBI #<data>,<ea>
SUBQ Destination — Immediate Data g Destination SUBQ #<data>,<ea>
SUBX Destination — Source — X g Destination SUBX Dx,Dy
SUBX —(Ax),—(Ay)
SWAP Register 31-16 ~ @ Register 15-0 SWAP Dn
TAS Destination Tested @ Condition Codes; TAS <ea>
1 @ bit 7 of Destination
TRAP SSP - 2 g SSP; Format + Offset g (SSP); TRAP #<vector>
SSP -4 g SSP; PC g (SSP); SSP — 2 gSSP;
SR @ (SSP); Vector Address g PC
TRAPcc If cc TRAPcc
then TRAP TRAPcc.W #<data>
TRAPcc.L #<data>
TRAPV If vV TRAPV
then TRAP
TST Destination Tested g Condition Codes TST <ea>
UNLK An @ SP; (SP) gAn; SP + 4 g SP UNLK An
UNPK Source (Packed BCD) + adjustment g Destination | UNPACK —(Ax),—(Ay),#(adjustment)
(Unpacked BCD) UNPACK Dx,Dy,#(adjustment)
NOTES:
1. Where d is direction, left or right.
2. Available only on the MC68040.
3. Where ris rounding precision, single or double precision.
4, List refers to register.
5. List refers to control registers only.
6. Available only on the MC68040V and MC68EC040V.
7. MOVEL16 (ax)+,(ay)+ is functionally the same as MOVEL16 (ax),(ay)+ when ax = ay. The address register is only
incremented once, and the line is copied over itself rather than to the next line.
8. Not available for the MC68EC040 or MC68EC040V.
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SECTION 2
INTEGER UNIT

This section describes the organization of the M68040 integer unit (IU) and presents a
brief description of the associated registers. Refer to Section 3 Memory Management
Unit (Except MC68EC040 and MCG68EC040V) for details concerning the memory
management unit (MMU) programming model, and to Section 9 Floating-Point Unit
(MC68040 Only) for details concerning the floating-point unit (FPU) programming model.

2.1 INTEGER UNIT PIPELINE

The IU carries out logical and arithmetic operations using six separate subunits. Each unit
is dedicated to a different stage of the IU pipeline, handling a total of six separate
instructions simultaneously. Pipelining is a technique that overlaps the processing of
different parts of several instructions. Pipelining simulates an assembly line with the U
containing a number of instructions in different phases of processing. The IU pipeline
consists of six stages:

1. Instruction Fetch—Fetching an instruction from memory.
2. Decode—Converting an instruction into micro-instructions.

3. <ea> Calculate—If the instruction calls for data from memory, the location of the
data, its memory address is calculated.

4. <ea> Fetch—Data is fetched from memory.
5. Execute—The data is manipulated during execution.

6. Write-Back—The result of the computation is written back to on-chip caches or
external memory.

The pipeline contains special shadow registers that can begin processing future
instructions for conditional branches while the main pipeline is processing current
instructions. The <ea> calculate stage eliminates pipeline blockage for instructions with
postincrement, postdecrement, or immediate add and load to address register for updates
that occur in the <ea> calculate stage. The write-back stage can write data over the
system bus to store a result in external memory or directly to on-chip caches. These write-
backs to memory can be deferred until the most opportune moment because of the
M68040 bus interface. Figure 2-1 illustrates the IU pipeline.
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INSTRUCTION DATA
FROM CACHE OR BUS
CONTROLLER

.

INSTRUCTION
FETCH

SHADOW

ToFPU <«—{{  DECODE

Y

<ea> CALCULATE

Y

<ea> FETCH TO CACHE OR
BUS CONTROLLER

EXECUTE

Y

WRITE-BACK

SHADOW —

> TO CACHE OR
BUS CONTROLLER

Figure 2-1. Integer Unit Pipeline

An instruction stream is fetched from the instruction memory unit and decoded on an
instruction-by-instruction basis in the decode stage. Multiple instructions are fetched to
keep the pipeline stages full so that the pipeline will not stall.

The decoded instruction is then passed to the <ea> calculate stage to calculate the
effective addresses that the instruction requires. The <ea> calculate stage initiates
additional fetches from the instruction stream to obtain the effective address extension
words and performs the effective address calculation. The initial execution of the
instruction in the execute stage handles any data registers required for the calculation,
which passes the register back to the <ea> calculate stage.

The resulting effective address is passed to the <ea> fetch stage, which initiates an
operand fetch from the data memory controller if the effective address is for a source
operand. The fetched operand is returned to the execute stage, which completes
execution of the instruction and writes any result to either a data register, memory, or back
to the <ea> calculate stage for storage in an address register. For a memory destination,
the <ea> fetch stage passes the address to the execution stage.

The previously described sequence of effective address calculation and fetch can occur
multiple times for an instruction, depending on the source and/or destination addressing
modes. For memory indirect addressing modes, the <ea> calculate stage initiates an
operand fetch from the intermediate indirect memory address, then calculates the final
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effective address. Also, some instructions access multiple memory operands and initiate
fetches for each operand.

The instruction finishes execution in the execute stage. Instructions with write-back
operands to memory generate pending write accesses that are passed to the write-back
stage. The write occurs to the data memory unit if it is not busy. If the following instruction,
which is in the <ea> fetch stage, requires an operand fetch, the write-back stalls in the
write-back stage since it is at a lower priority. The write-back can stall indefinitely until
either the data memory unit is free or another write is pending from the execution stage.

Figure 2-2 illustrates a write cycle, which begins in the IU pipeline. The IU stores the
logical address and data for a write operation in a temporary holding register (WB3). Write
operation control passes from the IU to the data memory unit once the data memory unit
is idle. When the data memory unit receives the logical address and data from the IU, it
stores the logical address and data to a second temporary holding register (WB2). The
data memory unit then translates the logical address into a physical address. If the
address translation is successful, the data memory unit either stores an address
translation in the data cache (write hit) or passes it to the bus controller (write-through with
write miss). Once the bus controller is ready to execute the external write operation, it
multiplexes the data to the correct data byte lanes and stores the multiplexed data and
physical address into a third holding register (WB1). WB1 is used in the actual write
operation seen on the address and data buses. Appendix B MC68EC040 contains details
on address translation in the MC68ECO040.

BUS
INSTRUCTION CONTROLLER
FETCH
INSTRUCTION MEMORY UNIT il B ><:>
DECODE : ADDRESS
! BUS
wn 1
<ea> a |
CALCULATE [ [ 1§ !
2 , wel - p>>
<ea> [ ! DATA
FETCH '3 DATA MEMORY UNIT ! 'f BUS
'Q PHYSICAL ADDRESS !
=T O 7 /N it > —3H
EXECUTE ATC ! DATA MUX
DATA MMU/ | <:>
CACHE/SNOOP [
WRITE- | BUS
BACK (WB3) CONTROLLER ! CONTROL
wB2 PUSH || SIGNALS
\ ! BUFFER
INTEGER UNIT | ST CACHE | -
Figure 2-2. Write-Back Cycle Block Diagram
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2.2 INTEGER UNIT REGISTER DESCRIPTION

The following paragraphs describe the IU registers in the user and supervisor
programming models. Refer to Section 3 Memory Management Unit (Except
MC68EC040 and MCG68ECO040V) for details on the MMU programming model and
Section 9 Floating-Point Unit (MC68040 Only) for details on the FPU programming
model.

2.2.1 Integer Unit User Programming Model

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

* 16 General-Purpose 32-Bit Registers (D7-D0, A7—A0)
» 32-Bit Program Counter (PC)
« 8-Bit Condition Code Register (CCR)

2.2.1.1 DATA REGISTERS (D7-D0). These registers are used as data registers for bit
and bit field (1 to 32 bits), byte (8 bit), word (16 bit), long-word (32 bit), and quad-word (64
bit) operations. These registers may also be used as index registers.

2.2.1.2 ADDRESS REGISTERS (A6-A0). These registers can be used as software stack
pointers, index registers, or base address registers. The address registers may be used
for word and long-word operations.

31 15 0

D0 |
D1
D2
D3 | DATA
D4 REGISTERS
D5
D6
D7
31 15 0 _
A0
AL
A2 | ADDRESS
A3 REGISTERS
A4
A5
A6
3 15 0 —  USER
| | ?JSP) — STACK
— POINTER
* 0 "1 PROGRAM
| | PC |7 counTer
15 7 0 = CONDITION
r I Jecer [ cooE

— REGISTER

Figure 2-3. Integer Unit User Programming Model
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2.2.1.3 SYSTEM STACK POINTER (A7). A7 is used as a hardware stack pointer during
stacking for subroutine calls and exception handling. The register designation A7 refers to
three different uses of the register: the user stack pointer (USP) (A7) in the user
programming model and either the interrupt stack pointer (ISP) or master stack pointer
(MSP) (A7 or A7", respectively) in the supervisor programming model. When the S-bit in
the status register (SR) is clear, the USP is the active stack pointer. Explicit references to
the system stack pointer (SSP) refer to the USP while the processor is operating in the
user mode.

A subroutine call saves the program counter (PC) on the active system stack, and the
return restores it from the active system stack. Both the PC and the SR are saved on the
supervisor stack (either ISP or MSP) during the processing of exceptions and interrupts.
Thus, the execution of supervisor level code is independent of user code and condition of
the user stack. Conversely, user programs use the USP independently of supervisor stack
requirements.

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

2.2.1.5 CONDITION CODE REGISTER. The CCR consists of five bits of the SR least
significant byte. The first four bits represent a condition of the result generated by a
processor operation. The fifth bit, the extend bit (X-bit), is an operand for multiprecision
computations. The carry bit (C-bit) and the X-bit are separate in the M68000 family to
simplify programming techniques that use them.

2.2.2 Integer Unit Supervisor Programming Model

Only system programmers use the supervisor programming model (see Figure 2-4) to
implement sensitive operating system functions, 1/0 control, and MMU subsystems. All
accesses that affect the control features of the M68040 are in the supervisor programming
model. Thus, all application software is written to run in the user mode and migrates to the
M68040 from any M68000 platform without modification.
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31 15 0
| | | A7'0SP) | INTERRUPT STACK POINTER

3l 15 0

| [ | A7"(MSP) | MASTER STACK POINTER
15 7 0
| [ (ccR) | sR | sTaTUS REGISTER

3L 0

| VBR } VECTOR BASE REGISTER

31 2.0
. SFC ALTERNATE SOURCE AND DESTINATION
C DFC FUNCTION CODE REGISTERS

| CAcR | CACHE CONTROL REGISTER

Figure 2-4. Integer Unit Supervisor Programming Model

The supervisor programming model consists of the registers available to the user as well
as the following control registers:

» Two 32-Bit Supervisor Stack Pointers (ISP, MSP)
» 16-Bit Status Register (SR)
« 32-Bit Vector Base Register (VBR)

« Two 32-Bit Alternate Function Code Registers: Source Function Code (SFC) and
Destination Function Code (DFC)

» 32-Bit Cache Control Register (CACR)

The following paragraphs describe the supervisor programming model registers.
Additional information on the ISP, MSP, SR, and VBR registers can be found in Section 8
Exception Processing.

2.2.2.1 INTERRUPT AND MASTER STACK POINTERS. In a multitasking operating
system, it is more efficient to have a supervisor stack pointer associated with each user
task and a separate stack pointer for interrupt-associated tasks. The M68040 provides two
supervisor stack pointers, master and interrupt. Explicit references to the SSP refer to
either the MSP or ISP while the processor is operating in the supervisor mode. All
instructions that use the SSP implicitly reference the active stack pointer. The ISP and
MSP are general-purpose registers and can be used as software stack pointers, index
registers, or base address registers. The ISP and MSP can be used for word and long-
word operations.

The M-bit of the SR selects whether the ISP or MSP is active. SSP references access the
ISP when the M-bit is clear, putting the processor into the interrupt mode. If an exception
being processed is an interrupt and the M-bit is set, the M-bit is cleared, putting the
processor into the interrupt mode. The interrupt mode is the default condition after reset,
and all SSP references access the ISP. The ISP can be used for interrupt control
information and for workspace area as interrupt exception handling requires.

SSP references access the MSP when the M-bit is set. The operating system uses the
MSP for each task pointing to a task-related area of supervisor data space. This
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procedure separates task-related supervisor activity from asynchronous, 1/O-related
supervisor tasks that can only be coincidental to the currently executing task. The MSP
can separately maintain task control information for each currently executing user task,
and the software updates the MSP when a task switch is performed, providing an efficient
means for transferring task-related stack items. The value of the M-bit does not affect
execution of privileged instructions. Instructions that affect the M-bit are MOVE to SR,
ANDI to SR, EORI to SR, ORI to SR, and RTE. The processor automatically saves the M-
bit value and clears it in the SR as part of the exception processing for interrupts.

2.2.2.2 STATUS REGISTER. The SR (see Figure 2-5) stores the processor status. In the
supervisor mode, software can access the full SR, including the CCR available in user
mode (see 2.2.1.5 Condition Code Register) and the interrupt priority mask and
additional control bits available only in the supervisor mode. These bits indicate the
following states for the processor: one of two trace modes (T1, TO), supervisor or user
mode (S), and master or interrupt mode (M).

The term SSP refers to the ISP and MSP. The M and S bits of the SR decide which SSP
to use. When the S-bit is one and the M-bit is zero, the ISP is the active stack pointer;
when the S-bit is one and the M-bit is one, the MSP is the active stack pointer. The ISP is
the default mode after reset and corresponds to the MC68000, MC68008, MC68010, and
CPU32 supervisor mode.

USER BYTE
SYSTEM BYTE (CONDITION CODE REGISTER)

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

[mw s [w]ole]afulo] o] o] [ n]z]v]c]

TRACE INTERRUPT CARRY
ENABLE PRIORITY MASK
OVERFLOW
SUPERVISOR/USER STATE ———————— ZERO
NEGATIVE
MASTER/INTERRUPT STATE EXTEND

Figure 2-5. Status Register

2.2.2.3 VECTOR BASE REGISTER. The VBR contains the base address of the exception
vector table in memory. The displacement of an exception vector is added to the value in
this register to access the vector table. Refer to Section 8 Exception Processing for
information on exception vectors.

2.2.2.4 ALTERNATE FUNCTION CODE REGISTERS. The alternate function code
registers contain 3-bit function codes. Function codes can be considered extensions of the
32-bit logical address that optionally provides as many as eight 4-Gbyte address spaces.
The processor automatically generates function codes to select address spaces for data
and programs at the user and supervisor modes. Certain instructions use the SFC and
DFC registers to specify the function codes for operations.
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2.2.2.5 CACHE CONTROL REGISTER. The CACR contains two enable bits that allow
the instruction and data caches to be independently enabled or disabled. Setting an
enable bit enables the associated cache without affecting the state of any lines within the
cache. A hardware reset clears the CACR, disabling both caches.

2-8 M68040 USER’S MANUAL MOTOROLA
For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

SECTION 3
MEMORY MANAGEMENT UNIT
(EXCEPT MC68EC040 AND MC68EC040V)

NOTE

This section does not apply to the MC68EC040 and
MCG68ECO040V. Refer to Appendix B MC68EC040 for details.
All references to M68040 in this section only, refer to the
MC68040, MC68040V, and MC68LC040.

The M68040 supports a demand-paged virtual memory environment. Demand means that
programs request memory accesses through logical addresses, and paged means that
memory is divided into blocks of equal size, called page frames. Each page frame is
divided into pages of the same size. The operating system assigns pages to page frames
as they are required to meet the needs of the program.

The M68040 memory management includes the following features:

Independent Instruction and Data Memory Management Units (MMUS)
32-Bit Logical Address Translation to 32-Bit Physical Address

User-Defined 2-Bit Physical Address Extension

Addresses Translated in Parallel with Indexing into Data or Instruction Cache

64-Entry Four-Way Set-Associative Address Translation Cache (ATC) for Each MMU
(128 Total Entries)

Global Bit Allowing Flushes of All Nonglobal Entries from ATCs
Selectable 4K or 8K Page Size
Separate Supervisor and User Translation tables

Two Independent Blocks for Each MMU Can Be Defined as Transparent
(Untranslated)

Three-Level Translation Tables with Optional Indirection

Supervisor and Write Protections

History Bits Automatically Maintained in Descriptors

External Translation Disable Input Signal (MDI S) for Emulator Support
Caching Mode Selected on Page Basis

The MMUs completely overlap address translation time with other processing activities
when the translation is resident in one of the ATCs. ATC accesses operate in parallel with
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indexing into the on-chip instruction and data caches. The MMU MDI S signal dynamically
disables address translation for emulation and diagnostic support.

Figure 3-1 illustrates the MMUs contained in the two memory units, one for instructions
(supporting instruction prefetches) and one for data (supporting all other accesses). Each
unit contains an MMU, main cache, and snoop controller. The corresponding MMUs
contain two transparent translation registers, which identify blocks of memory that can be
accessed without translation. The MMUs also contain control logic and corresponding
address translation caches (ATCs) in which recently used logical-to-physical address
translations are stored. The data memory unit contains a data write and data read buffer,
and the instruction memory unit contains an instruction line read buffer. These buffers
temporarily hold data until an opportune moment arises to write the data to external
memory or read the operand/instruction into the integer unit.

INSTRUCTION DATA BUS
INSTRUCTION :> INSTRUCTION
ATC CACHE
NS {? {\r INSTRUCTION
ADDRESS
NS e > IMUChCHERNa0R CE—
FETCH V] —
CONVERT CONTROLLER
¢ INSTRUCTION MEMORY UNIT B ——>
N e u | ApprEss
s BUS
EA
CALCULATE C
EXECUTE ’c\l>
e T DATA
FETCH 1 T
LN 6]
(M | EXECUTE X
WRITE- DATA MEMORY UNIT DATA E
BACK DATA ADDRESS < : >
. | ADDRESS | |
"Bck > mmuicachEisnoop K- R BUS
CONTROLLER CONTROL
SIGNALS
FLOATING- {} {}
POINT INTEGER
UNIT UNIT DATA N DATA
T ATC —V CACHE
)
OPERAND DATA BUS

Figure 3-1. Memory Management Unit

The principal MMU function is to translate logical addresses to physical addresses using
translation tables stored in memory. As the MMU receives a logical address from the
integer unit, it searches its ATC for the corresponding physical address using the upper
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logical address bits. If the translation is resident, the MMU provides the physical address
to the cache controller, which determines if the instruction or data being accessed is
cached. The cache controller uses the lower address bits to index into memory. An
external bus cycle is performed only when explicitly requested by the cache controller.
When the translation is not in the ATC, the MMU searches the translation tables in
memory for the translation information. Microcode and dedicated logic perform the
address calculations and bus cycles required for this search.

3.1 MEMORY MANAGEMENT PROGRAMMING MODEL

The memory management programming model is part of the supervisor programming
model for the M68040. The eight registers that control and provide status information for
address translation in the M68040 are: the user root pointer register (URP), the supervisor
root pointer register (SRP), the translation control register (TCR), four independent
transparent translation registers (ITTO, ITT1, DTTO, and DTT1), and the MMU status
register (MMUSR). Only programs that execute in the supervisor mode can directly
access these registers. Figure 3-2 illustrates the memory management programming
model.

31 0
| | URP } USER ROOT POINTER REGISTER

31 0
| | SRP } SUPERVISOR ROOT POINTER REGISTER

15

0
| TCR } TRANSLATION CONTROL REGISTER

31 0
| | DTTRO } DATA TRANSPARENT TRANSLATION REGISTER 0

31 0
| | DTTR1 } DATA TRANSPARENT TRANSLATION REGISTER 1

| 3 Ol ITTRO INSTRUCTION TRANSPARENT TRANSLATION

REGISTER 0

31 0

| | mTRL
31 0

| | MMUSR | MMU STATUS REGISTER

INSTRUCTION TRANSPARENT TRANSLATION
REGISTER 1

Figure 3-2. Memory Management Programming Model

3.1.1 User and Supervisor Root Pointer Registers

The SRP and URP registers each contain the physical address of the translation table’s
root, which the MMU uses for supervisor and user accesses, respectively. The URP points
to the translation table for the current user task. When a new task begins execution, the
operating system typically writes a new root pointer to the URP. A new translation table
address implies that the contents of the ATCs may no longer be valid. A PFLUSH
instruction should be executed to flush the ATCs before loading a new root pointer value,
if necessary. Figure 3-3 illustrates the format of the 32-bit URP and SRP registers. Bits 8—
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