


PowerPC 405GP
"Embedded Processor
User’s Manual

Preliminary Volume 2

PowerPC GK10-3118-08



Sixth Preliminary Edition (June 2000)

This edition of IBM PowerPC 405GP Embedded Processor User’s Manual applies to the IBM PowerPC™
405GP 32-bit embedded processor, until otherwise indicated in new versions or application notes.

The following paragraph does not apply to the United Kingdom or any country where such provisions
are inconsistent with local law: INTERNATIONAL BUSINESS MACHINES CORPORATION PROVIDES
THIS MANUAL “AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. Some states do not allow disclaimer of express or implied warranties in
certain transactions; therefore, this statement may not apply to you.

IBM does not warrant that the products in this publication, whether individually or as one or more groups, will
meet your requirements or that the publication or the accompanying product descriptions are error-free.

This publication could contain technical inaccuracies or typographical errors. Changes are periodically made to
the information herein; these changes will be incorporated in new editions of the publication. IBM may make
improvements and/or changes in the product(s) and/or program(s) described in this publication at any time.

It is possible that this publication may contain references to, or information about, IBM products (machines and
programs), programming, or services that are not announced in your country. Such references or information
must not be construed to mean that IBM intends to announce such IBM products, programming, or services in
" your country. Any reference to an IBM licensed program in this publication is not intended to state or imply that
you can use only IBM’s licensed program. You can use any functionally equivalent program instead.

While the information contained herein is believed to be accurate, such information is preliminary, and should not
be relied upon for accuracy or completeness, and no representations or warranties of accuracy or completeness
are made.

No part of this publication may be reproduced or distributed in any form or by any means, or stored in a data
base or retrieval system, without the written permission of IBM.

Requests for copies of this publication and for technical information about IBM products should be made to your
IBM Authorized Dealer or your IBM Marketing Representative.

Address technical queries about this product to ppcsupp @ us.ibm.com
Address comments about this publication to:

IBM Corporation

Department YM5A

P.O. Box 12195

Research Triangle Park, NC 27709

IBM may use or distribute whatever information you supply in any way it believes appropriate without incurring
any obligation to you.

© Copyright International Business Machines Corporation 1996, 2000. All rights reserved
4321

Notice to U.S. Government Users — Documentation Related to Restricted Rights — Use, duplication, or
disclosure is subject to restrictions set forth in GSA ADP Schedule Contract with IBM Corporation.

Preliminary



Patents and Trademarks

IBM may have patents or pending patent applications covering the subject matter in this publication. The
furnishing of this publication does not give you any license to these patents. You can send license inquiries, in
writing, to the IBM Director of Licensing, IBM Corporation, North Castle Drive, Armonk, NY 10504, United States
of America.

The following terms are trademarks of IBM Corporation:

IBM

CodePack
CoreConnect
PowerPC

PowerPC Architecture
RISCTrace
RISCWatch

Other terms which are trademarks are the property of their respective owners.



Preliminary



Contents

Figures ...... .
Tables . erressreeeesesssnseanisssnsnanntarreases
ADBOUL THIS BOOK ....ueeeririciiiininisssninnnsssetnneisssssssssnnessssssenisesessssns s sasssnsas s esssssansnesesssssansnsnsses

Who Should Use This BOOK .....ccviviiiierieiieirneeiieiiisieeee e sseeessesssessessessasssessessessassassssnsesssassasnenes
HOW 10 USB ThiS BOOK ....ecviitiiericieetreritreeeestesee e essree e saae s sneeesssassassnessassessresaeesesssesnsnns
CONVENTIONS ..viiiiiieiiiiiiieeeresereriereessesesstsseessnessesiasssessesssessessesssessesanssans

Part I. Introducing the PPC405GP Embedded Processor
Chapter 1. Overview .........ccicerierienen

PPCA0SGP FRALUIES ..ovcerecririirriscriserstnnri ittt s bbb n bbb e
_Bus and Peripheral Features ............ v 122
PowerPC Processor Core Features .... ... 1-3
PowerPC ArchiteCture ..........ccovvvenercrnniercnninens .. 1-4
The PPC405GP as a PowerPC Implementation ... 1-5
RISC Processor Core Organization .......cc.ceceueu. .. 1-5
Instruction and Data Cache Controllers .. . 15
Instruction Cache Unit .......c.cceeerinnierne .. 1-6
Data Cache Unit ............ e 1-6
Memory Management URIt ...t s 1-6
TIMEE FACHIHES ..ovvivtiirerirretisteenr ittt et s bbb s e bR b s b e e none e 1-8
Debug ..., .. 1-8
Development Tool Support ... e 1-8
DEDUG MOES ..ovieuiriiiieieisiiciteieertr et ecee st et s tnsve s s s e nesassssossaaasesbe s R e s s besaaasasesssshsabsseeseentssssassesssesansos 1-9
Processor Core INtEMACES ........cccuceviirriiiiniiiie et 1-9
Processor Local Bus ............. ... 1-9
Device Control Register Bus .... ... 19
Clock and Power Management .... ... 1-9
JTAG ..ot .. 1-9
Interrupts ............. ... 1-9
On-Chip Memory ........ccccveeveeee . 19
Processor Core Programming Model .... v 129
Data TYPES .o .. 110
Processor Core Register Set Summary .. .. 1-10
General Purpose Registers ................ .. 1-10
Special Purpose Registers ... .. 1-10
Machine State Register ..... 1-10
Condition Register ............. . 1-11
Device CONIOl REGISIEIS ..viiiiiiiiriiiriiieiicsreetsii i sses st srse s e et raeessesssssraassssssssseshaasesssenessnesssesnessuses 1-11
Memory-Mapped I/O REGISIEIS ......ciiiiiiiieceiee ittt e e e e sba e s 1-11
AdAresSiNG MOGES ...cvoiveiiiiiirer ettt st st s s st s b e e b e sas e e b s b ae e s R e bRt s e R e st eh 1-11
Chapter 2. On-Chip Buses ........ resersseetnrnesessessarsners st es s snnnasanns 2-1
Processor LoCal BUS ... snissensesssresiannens e 241
PLB FEaUres .....ccoveviiininiiiicniinrisinsnsisssessicssssesensessinennssesnes e 22
PLB Masters and Slaves .... . “ . e 2-2
PLB Master ASSIGNMENES .......c.coveevieiiniiniinieniecirin et sanssnene e 22
PLB Transfer Protocol ........ 2-3
Overlapped PLB Transfers . 2-4
PLB Arbiter Registers .........coeveininninieninens .25
PLB Arbiter Control Register (PLBO_ACR) ... v 25
PLB Error Address Register (PLBO_BEAR) ........ccooueeteriiieeinminiinnnesessssttsesrescestssecee s ssssssassssssnnesnens 2-5

Preliminary . Contents v



PLB Error Status Register (PLBO_BESR) ... e s ae s nre 2-6
PLB to OPB Bridge ReJISers .......ccocviivieiiiiiiiiiiiscnnsintie s bes e b e 2-8
Bridge Error Address Register (POBO_BEAR) ......c..ccivviiiiniiinini s essessene 2-8
Bridge Error Status Registers (POBO_BESRO-POBO_BESR1) ......ccccoviiinnniiiincnincinnessenisiinene
On-Chip Peripheral Bus ...
OPB Features ........coeeenernnne
OPB Master Assignments .
OPB AIDItEr REISIEIS ....coiviiriieeitiiiincre ittt e et bbbt smesnssesneshnsrssnabens
OPB Arbiter Control Register (OPBAO_CR) ......cooeviiriminieriestininneeesessinssissessssssesssssssosessssasesnesessess
OPB Arbiter Priority Register (OPBAO_PR) .... .

Part ll. The PPC405GP RISC Processor ...
Chapter 3. Programming Model ..........cccciimircmnriinnmmninnmnmesessnnsessessen s

User and Privileged Programming MOGEIS ........cccceeviivrreineiinnnninne i sennissne st snseesesssesasenes
Memory Organization and Addressing .......
Physical Address Map ...
Storage Attributes ..........
Registers ....ocovvnieeciniienceninne e
General Purpose Registers (RO-R31) ......ccovvvvirereencnrcerereneenen
Special Purpose RegiSters ..........cciiveeeecniinieeennesiniinieens
Count Register (CTR) ...

Link Register (LR) .....ccccceevveninircecnnnene

Fixed Point Exception Register (XER) ........ccoovriiiiiiiiis s

Special Purpose Register General (SPRGO-SPRG7) ......ccccerermmrierirrnnirssteneeesesssssessenessesisnossns

Processor Version Register (PVR) ....c.ccoovceninincrinnnee
Condition Register (CR) ......coccvrervecrivrvnenne

CR Fields after Compare Instructions ..........ccoeeeiivienisnnniennns

The CRO Field .vcveeeitiiiccnnecseetin ettt sennens
The Time Base .....ccccoeeernnnen.
Machine State Register (MSR) ...
Device Control Registers ......

Directly Accessed DCRs .....

Indirectly Accessed DCRS ........ccocovveccevirinns
Indirect Access of SDRAM Controller DCRs ......
Indirect Access of External Bus Controller DCRs ......
Indirect Access of Decompression Controller DCRs .
Memory-Mapped Input/Output Registers ................

Directly Accessed MMIO REGISIEIS ......ccccvereerereenerniririsrercrereres et et se et sb e eber et

Indirectly Accessed MMIO REGISIErS .....cccvcimviiieriiiiniiiniiici et

Data Types and Alignment ..o, y .
Alignment for Storage Reference and Cache Control Instructions . .
Alignment and Endian Operation ...t
Summary of Instructions Causing Alignment EXCEPHONS .......cccvvvniiiiiiiciiinnniii e
Byte Ordering ........cccvereriiniiiinen e
Structure Mapping Examples

Big Endian Mapping ........

Littte Endian Mapping .......ccceveniieens
Support for Little Endian Byte Ordering ....
Endian (E) Storage Attribute ..........ccceeveeviiiirinnienenee e

Fetching Instructions from Little Endian Storage Regions .....

Accessing Data in Little Endian Storage Regions ..............

PowerPC Byte-Reverse Instructions .....................

Instruction Processing ........cccocevvnnciinnens
Branch Processing .........ccccvveviinincnencnininneennennes
Unconditional Branch Target Addressing Options .
Conditional Branch Target Addressing OptioNS .........c.oocivirvniniieni s

vi PPC405GP User’'s Manual Preliminary



Conditional Branch Condition Register TEStNG ......cccoocricirieeriicerceic ettt 3-35

BO Field on Conditional BranChes .........cccoiceiiiieneictieee et eeeses e seesess st et ssnesrnenesatsresee s 3-35
Branch Prediction ..........ccoiecciinnininnenieccereeees teareariE e eh ISR sOs R R eSS R R e eSO R R e aRes e s pE R B en 3-36
Speculative ACCESSES ....cceeerreiiveniniienennen. .. 3-37
Speculative Accesses in the PPC405GP .............c....... .. 3-37
Prefetch Distance Down an Unresolved Branch Path ........ ... 3-38
Prefetch of Branches to the CTR and Branches to the LR . 3-38
Preventing Inappropriate Speculative ACCESSES ......ccovvirirerneeriiienennas .. 3-38
Fetching Past an Interrupt-Causing or Interrupt-Returning Instruction ... 3-39
Fetching Past tw or twi Instructions ..o,
Fetching Past an Unconditional Branch -
Suggested Locations of Memory-Mapped Hardware ............................................................................
SUMIMAIY .1iitiiieeiiiiiteserieitise et e st ere s seeebeeeaeesbesaeasse s de et essesaaeesee e bartesseasbane e sses e aabenseaR e s aeebeabesmaesss e st nnaanensn
Privileged Mode Operation ...............
MSR Bits and Exception Handling ........ccoccovceveciiniinniiccsincceis e
Privileged INSIIUCIONS .......veiiiiiieireceececr et see et see e s en e st sanesaaan
Privileged SPRs ...........
Privileged DCRs ....
Synchronization ...................

Context Synchronization ....
Execution Synchronization . .
Storage SYNChIONIZALION ......cciceieiiiiiic et st ee st e
INSEIUCHION SBL ...veveeetiieetiirte et eat e et ea e s e see s a e s s e r e e ee e bt e e e s b e s seserasenessereesse s e emeneensanee
Instructions Specific to IBM PowerPC Embedded Processors ... .
Storage Reference INSIUCHONS ......c.cveireeririninerniereernseseeerst et eessesereeessesee st erssassnenesseseenesneas
ATthMELIC INSIIUCHONS ...ttt s ss s bbb nas
Logical Instructions .......
Compare Instructions
Branch Instructions .............
CR Logical Instructions
Rotate Instructions ......
Shift Instructions .......ccccecceervcnneneee
Cache Management Instructions .
Interrupt Control Instructions ............ -
TLB Management INSIIUCHIONS ...ttt s e s b
Processor Management INStrUCHONS .......cocovviiiiiiniii e
EXtENded MNEMONICS .....cociiiiiiiiiieiititestes ettt st e s et s s sb s an e e e s e s e b e e s n e s sbesan e sne e

Chapter 4. Cache Operations ............. [P

ICU OrganizZation .........cccceviieeciececieeerie e eseeestt e eeestas s ee st esas e et essnesaseensnasnnesssessanas
ICU Operations ........ccoceeeuenenne
Instruction Cachability Control
INStruction Cache SYNONYIMS ......cccciiiiiirtiieet ittt bbb s s b s st an bbb enis
(O U 0 o] =T =1 1 o O OO O OO PO
DCU Organization ......
DCU OPEIALIONS ....veeveiieeiirriieesessesessesrsessiestasressesssnsssssessesescssessanesssesessessssessessenssressessaes
DCU Write Strategies .......c.ccvverriiiiiinenciiie i PR
DCU Load and Store Strategies
Data Cachability Control ............
DCU Coherency ....
Cache Instructions .....
ICU Instructions .....
DCU Instructions ...
Cache Control and Debugging Features .
CCRO Programming Guidelines .......... -
[LO1U I B T=1 o T1T fo 119 [ OO

Preliminary Contents vii



DCU Debugging ......cecceveverrerieevenrerseenene . . .. 4-15
DCU Performance .... .
Pipeline Stalls .................... .. 4-16
Cache Operation Priorities ........... . 417
Simultaneous Cache Operations ....

Sequential Cache OPEIAtiONS .........ccccvrvirireerririiinisessrsssssencessesesrsarisesssaesisss et srerssssssesssssmssssens .. 4-18
Chapter 5. On-Chip Memory . - . werrsenens D=1
OCM AQAIrESSING ..euviveiereeirrererieetrereeras et st eresee et stesaest e s e e s s s s sr e e st e s st ehe st esasaeenseseasenestennserasrentanaane wer 5-1
OCM Programming Guidelines .. 5-2
Store Data Bypass Behavior and Memory Coherency e 5-3
REGISIEIS ...ttt bbb e e e 55

OCM Instruction-Side Address Range Compare Register (OCMO_ISARC) . v 56

OCM Instruction-Side Control Register (OCMO_ISCNTL) .......cocoveervenenne ... 56

OCM Data-Side Address Range Compare Register (OCMO_DSARC) . 5-6

OCM Data-Side Control Register (OCMO_DSCNTL) ...ccceveveiriiieerinieiseeseesesseseesssisesssesiesesessesescosssnans 5-7

Chapter 6. Memory Management .......ccceiemnnisinsmsisi e ssessss s sssasassssssans 6-1

MIMU OVEIVIBW ...ttt b e s s et st e et b b na e na et e ae b e b et ansene et erenaeane s enenas
AAAreSS TIANSIALION ....c.ciuiriireeiriereeeee ettt aa e es st aeaensen s e e saessebass et esenesaaaaesreanasnas
Translation Lookaside Buffer (TLB) ..
Unified TLB ....coccireeiircreeen.
TLB FIEIAS .ottt et et s s e R et bRt e R e e bt b e
Page ldentification FIelds ........cc.ociiiireriiiniiini s srerseneresae e ses e st srsnens
Translation Field ...............
Access Control Fields ....
Storage Attribute Fields ....
Shadow Instruction TLB .....
ITLB Accesses ..........
Shadow Data TLB ...
DTLB Accesses ...............
Shadow TLB Consistency
TLB-Related Interrupts ..............
Data Storage INTEITUPL .....cc.coviriiiiieir ettt st e n e b e st s e e ae s be e e r e sesae st esannraessesasens
INStruction StOrage INTEITUPL .. ...ttt ettt se e s s
" Data TLB Miss Interrupt ...........
Instruction TLB Miss Interrupt
TLB MANAGEMENL ....ucuviiiiiiriiietee ettt bt e b r st s eses e s e s b e st st et sas s b b e e e b e e e b ebe e s saetestaranen
TLB Search INStructions (HIDSX/ADSX.) «..cevevrviricririreieirrrresieie s rsseesee s snse e esssnssesessssnesesennes
TLB Read/Write Instructions (tlbre/tibwe) .
TLB Invalidate Instruction (tlbia) ...............
TLB Sync Instruction (tlbsync) .....
Recording Page References and Changes
Access Protection ........cccvninvccnneniinnencnnne
Access Protection Mechanisms in the TLB ...
General Access Protection ..
Execute Permissions ...........
Write Permissions .....
Zone Protection .......ccceeeeeeeveniininniinieee
Access Protection for Cache Control Instructions ...
Access Protection for String Instructions ............
Real-mode Storage Attribute Control ............
Storage Attribute CONtrol REGISTEIS ......cccvviriercereirir et ctrreiar ettt sen e e
Data Cache Write-through Register (DCWRY) ........coceiiiinmienneirncenisieesesnnstesesese s srssassonsnes
Data Cache Cachability Register (DCCR) ..........
Instruction Cache Cachability Register (ICCR) ..
Storage Guarded Register (SGR) ....c..c.coiviriinnciiinencneecenssiens

viii PPC405GP User's Manual Preliminary



Storage User-defined 0 Register (SUOR) ......cccceviiieicncinieiiiiiissieseseestsieenssesessesnssesesnesneens 6-19

Storage Little-Endian Register (SLER) .....ccccvviviiiiiiiinnr et esesss e seenes 6-19
Part lll. PPC405GP System Operations .. . -1
Chapter 7. Clocking ... Cbernaereseesiaeiiseenes s ar e st ne R e e SR s s AR PR e e SRR R R n e 7-1

PLL OVEIVIBW ...covtieieuitierictee ittt st s ettt eb ettt e bt smasase e st e bbb ebae s e e et eatspebenanserenees 7-1
Input Reference ClOCK (SYSCIK) wvvviiiriiieiriiiiiisennis et ee s ee e esssoaeessessessssisnessessasesssennersssensenee 7-2
External Clock Strapping SEIUD ....co.vcoiiiiiiiin ettt eve e st s nenean
Sample Clock Ratios .....c.cccvvnen.

PCICIOCKING 1ivitiieiiisiiiitiiiei s bbb et b e s b e s R e b e Rt s be e s b en e s b et st s e e b e s b e nrsn s b
PCI CIOCKS .vevvemirieieieniesieseeesiesiassesseraesesaesteaasessansesassesseseasanseneesesssessrssssessesssasessessensestesessssensessnsseseesensessess
PC! Adapter Applications ..

Serial Port Clocking ........c.c....

ClOCKING RETISIEIS ...iuiiiiiiiiiitiiiisiintteieie e sttt e et e et st et aeeatesbeesbassaats e aeeasaensessnesabessesaeateseasbesnsassesbeeseennean
PLL Mode Register (CPCO_PLLMRY) ......ooiiieeiee ettt sttt ses e sttt st s s 7-10
Chip Control Register 0 (CPCO_CRO) ....ovveriiriiiierieesesereriieeesseeessesseeesassesssessssessssssnsesssessseesssesssseseenans 7-11

Chapter 8. Reset and Initialization ........... esresaressacesssasssseissEeasastisaesaenaantresnesaranannnann 8-1

RESEE SIGNAIS ... st e et b et e e ses et s bt e e e raaas 8-1

BRESBE TYPES ittt ekt E e h st e st ae bR e 4R bt a Rt r e b e e e e enaerann 8-1
[O]e] C= ) o 1= OO OO PP PSR POYR OO 8-1

(0] 1] o 31 = 1= 111 OO TSR U OO UO U USRS USRUO SO 8-1
SYSIEM RESEL ...ttt ettt ettt e ae ettt a b r e e r et aeene e 8-2
PCI Power Management INitiated RESELS ......cc..cccerieriiiieieriierrer et te ettt a e st neenee 8-2
Processor Initiated Resets ..........c.cc........
Processor State After Reset
Processor Register Contents AfIEr RESEL .......coveceiriiie ittt et eae e 8-3
Machine State Register Contents after R@Set ...........cccoiiiciiiiiiicrceir ettt 8-3
Contents of Special Purpose Registers after RESet .......cccuviiciiiiiiieniiniesrieree et eaee 8-4

DCR CoNtents @ftEr RESEE .....coueiiiieire ettt ste e s st st be s st bbb e bt et e s e nneaeresaanne 8-4

MMIO Register Contents After RESEL ........cccueiiiiiieiicii ettt e 8-8

PPC405GP Chip Initialization .........c.ccccoveueeuens . 8-12
OCM Initialization ........c.ceceevvevvrenenne 8-13

Initializing Instruction-Side OCM . 8-13
Initializing Data-Side OCM .......: 8-13

UIC Initialization ......cccccceeeeenene 8-14
UART Initialization .......cooveienicuniennn. ... 8-14

PPCA405GP Initial Processor SEQUENCING ....c.ccuiiiiiiiiiiiiiereesieresses e ssstsseteeee s s esassssesssssaenessessessasssessesssassns 8-14

INitialization REQUITEMENES .....ccoiici ittt ettt ee et se e et e e et e e e ae e besbeeseeseesbesensesseeneansessessbnnnnanns 8-15

Initialization Code Example ... 8-16

Chapter 9. Pin Strapping and Sharing .......ccccccecvrieerescceisninenresnssssnsssnsesessssrssssssssssenesesnns 9-1

PN SHAPPING oottt e e e bttt 9-1
Chip Pin Strapping Register (CPCO_PSR) ........ccouvvieitimiiirinesiiniicine e ssesissssnniesestsessssessesesasnsnens 9-1

PN SRAMNG ettt bRt e e b e n s 9-3

Chapter 10. Interrupt Controller Operations .........cccuiirinsnnrnsecrerees s seseseessesessscssesescanes 10-1

UIC OVEBIVIBW ...ttt ettt st e b eae £ s st b et e st et e s et e e sh e nbeaansenaasenenneeresbasnnas

UIC Features .......cccceeruenene

UIC Interrupt Assignments .....

Interrupt Programmability ...

UIC Registers ......ccvrcnienccriniinnnn
UIC Status Register (UICO_SRY) ......cccccoriimmeciniieieeiscenininesieseseeosessessassesssssssestssesassssssessssssanessssssessases 10-3
UIC Enable Register (UICO_ER) ..ottt e e s sese st es e seaesanssans 10-6
UIC Critical Register (UICO_CR) ..... ... 10-8
UIC Polarity Register (UICO_PR) .... .. 10-10
UIC Trigger Register (UICO_TRY) .......ccoiiiiiiieeceeeseietete s et eeaee e sseeensesseeeesaeesesaeesbeaesaeessenaeentensansean 10-13

Preliminary Contents ix



UIC Masked Status Register (UICO_MSRY) .......cceeciiiieiieiiiirinierceecceecsne sttt s sre e srsseessessessssssssssssansne
UIC Vector Configuration Register (UICO_VCR) ...

UIC Vector Register (UICO_VRY) .....cocioiiiieeieercesee sttt et en et e sse s st e se st s e sas s aas
Using the Value in UICO_VR as a Vector Address or Entry Table LOOKUP .......cccccooevveceiiiiniciiccccnes 10-20
Vector GENEration SCENATMOS .....cciireicirinere et sb e er s aesr s b ssssbastens 10-20
Interrupt Handling in the ProCeSSOr COTE .......cccrieirrccnreeneinii it reees et sssb s st n e 10-22
Architectural Definitions and BEhAVIOF ........cccueceveiirerirenrnrein et ns et 10-22
Behavior of the PPC405GP IMplementation ..........ccccccvverrriiniiercnireereise e eescs s eesnesessesasseesesssessssesesaes 10-23
Interrupt Handling Priorities ........ccovccreevcennnes .. 10-24
Critical and Noncritical Interrupts ........ .. 10-26
General Interrupt Handling Registers ..... .. 10-27
Machine State Register (MSR) ......cciriiiiiiinirnin i s st 10-28
Save/Restore Registers 0 and 1 (SRRO-SRR1T) ....cccoceverrirmririiiiiiniine st esessssssesesssenns 10-29
Save/Restore Registers 2 and 3 (SRR2-SRR3) .......cccneimmniniiiisciessssssisnassessesns 10-30
Exception Vector Prefix Register (EVPR) ....cooiieciiict s et sie st e sesesnesne 10-31
Exception Syndrome Register (ESR) ........cooiiiiiiiii ettt e 10-31
Data Exception Address Register (DEAR) ...t esseessssssssssesnsnones 10-34
Critical INPUL INEEITUPES ...ttt et e sr s aesns b e sb bt ans 10-34
Maching CRECK INTEITUPES ....ccueeeeeiie et se s ss e eneesaas st s s r e st s saessrn e s saesssnesbeeessannnesrasassbnssaseontnns 10-35
Instruction Machine Check Handling ........ccccooveiiriiiinienee et 10-35
Data Machine Check HandliNg .........cccoeorrerireir ettt 10-36
Data Storage INTEITUPL ........oceieeee e ee ettt e s aae e e s e e e e e s e et e e seesneansnansen eeeresinrenraeee 10-36
INStrUCtiON StOrage INTEITUPE ..ottt sttt a e r s b san e 10-38
EXEINAI INEEITUDE ...ttt et s e ettt b e stk seesae st e e e et e sesae et e r e s sesesesanete s 10-38
External Interrupt Handling ... e 10-39
Alignment Interrupt ..........ccccvee O OO 10-39
Program Interrupt ....... ettt et et eee et eee e nh et e aaS e ee e st et et et e s A e b e eReaebeete ekt e R e beenteneenbe s 10-40
System Call INTEITUPE ... st e e e be s s eaaen e 10-41
Programmable Interval Timer (PIT) INtEITUPE ... 10-41
Fixed INterval TIMEr (FIT) INTEITUPE .....c.vvverveereeirerieceseesensessesssssssssssesssssssssssessassssssssssssessaessasssesssssanssesssens 10-42
Watchdog TIMeEr INTEITUPE ......ccueriiiee ettt r s n e e e re st sabeb e sb e b et sne s 10-43
Data TLB MiSS INTEITUPL ...ciucieieiieer et sttt s st s bbb s ens s 10-43
Instruction TLB MiSS INTEITUPDE .......oiiiii ittt st sb s s sreas e nre b b e aesneeneasnenne 10-44
DebUQ INTEITUPL ... . 10-44
Chapter 11. Timer Facilities ......c.ccoocereerenns crreesensnesar s 11-1
LI T = - PR 11-2
Reading the Time Base .. 11-3
Writing the TIME BaSE .....cccvuireiieiriiiiie i e ssanes .. 11-3
Programmable Interval TImMer (PIT) ...t rsesien e nessssesnessesssssaens .. 11-4
Fixed Interval Timer (FIT) ........... .. 115
Watchdog Timer ........coeeereennn. 11-6
Timer Status Register (TSR) .... .. 11-8
Timer Control REGIStEr (TCR) ..viiieeie ettt erir sttt ee s see s e n e ae e s e e snesenaesrnesesesabsssneesnesnnbnes 11-9
Chapter 12. Debugging ......c.cccvemsimmssrccsninerssannsssnmssesesassnsnnes eecmeesemnresnressssnn
Development Tool Support ........ceeeveeeeiinennnne
DEDUG INTEITACES ...iveriierrircrreeieenien ettt st s e e s sa bt en
IEEE 1149.1 Test Access Port (JTAG Debug POm) ......ccccciiiininiiinneessesieennen 12-1
JTAG CONNECION ...eriererermeeeerennesssresessesenrasine . 122
JTAG Instructions ...... . 12-3
JTAG BOUNGAIY SCAN ...ocueeeieeeercer e senestee st ee e seseesaeesreesste e reesbesssn s seessessanesnsnesasessnassssestsssnn .. 12-3
JTAG IMPIEMENTALION ....oiiiicieiieieiiiiriirrees s rsere st e seneerereseessat s s e s sbesbs bt s see s shb e nnesnesbnansnsssansias . 12-4
JTAG ID Register (CPCO_JTAGID) ... .. 124
Trace POrt ..ooceevieecreceeeeceeeeceeins .. 125
Debug Modes ................ ... 12-6
Internal Debug Mode ..o e 12-6

X PPC405GP User’s Manual Preliminary



EXternal DEDUG MOTE .....cuoiiiieiee ettt st et st 12-6
Debug Wait Mode ........cocceeueeen. -

Real-time Trace Debug Mode .. 12-7
Processor Control .... 12-8
Processor Status ... .. 12-8
Debug Registers ........cccovvuiene .. 12-8

Debug CONrol REGISIEIS ..cviiriirireeerieiisierisiissreseseenessis st seesssstsaesressssssssaersseessssssrasssssssesssnenanssssssessone 12-9

Debug Control Register 0 (DBCRO) ......ocvivvrerierieiereeerieeeireetrnsreseeseeseseessennseessssnesessessessossesassaesessssas 12-9
Debug Control Registert (DBCR1) .... W 12-11
Debug Status Register (DBSR) ......cccciiiiiiiciecicieennininie sttt e sme e e sene e 12-12
Instruction Address Compare Registers (JACT=IACA) ....cccciiiviieniiinnii e 12-14
Data Address Compare Registers (DACT—DAC2) ......cccciiirviiieninienereris e ssae s e ssessess e saasesennes 12-14
Data Value Compare Registers (DVCT1—DVC2) .......cccccerrireniererierireesesiesresenseesessesseraesessesseesesseseesessneses 12-15
DEDUQG EVENES ..ottt e et b pn e e eb et nenn s 12-16
Instruction Complete DebUG EVENL .....cceiiiiciiiieireetin ettt 12-16
Branch Taken DebUQg EVENT ..ottt e reeesie s s e saseestnssaae s s ser e baraessessessaaanansesnnten 12-17
Exception Taken Debug EVENL ..ottt st ere s 12-17
Trap Taken DebUG EVENT ..ottt ettt s e e s s esesne s 12-17
Unconditional DEbUG EVENL ........ccciiiiveeeierrireriesr et seesese st sse e et et sneseenes s ssneesassesbessesasssenseran 12-17
JAC DEDUG EVENL ...ttt reseeces st st st see e e s se s s s e et s e s a s e st e rabesaeemaeseasesensenesasanaeanenseneen 12-17
IAC Exact AAdress COMPAIE ..c..ciiivvreeerieriiniienesisssesises s sssstsn s sssstesestesssssesssssssssisaessessessessssisssess 12-17
IAC Range Address COMPAIE ......cccccovvveircerriiriieersresesanssanesasesesisssssessesssresssssseserastesseesseessassassessnes 12-17

DAC DEBUQG EVENL ...ttt sttt ss e e st sas e e s r s s se s s ha e shesas s besat e s eenee s 12-18
DAC EXact AdAress COMPATE .....cccceveriiiieriiiniensiesioiinintesesssisetsesrsssessssesaesasnessssssoneasesssstsrsesessssessesns 12-19
DAC Range Address COMPATE .......cccccviriertinnienneinnssiseseenrsesesrmmessssesssasmsesessssssssesimssesssssessssesssssasnes 12-19
Data Address Compare (DAC) Applied to Cache INStructions ..........ccocvvricccinniiinieneniiiieniene 12-20
DAC Applied to String INSIUCHONS .........coiiiiiiiiereeireee ettt st e s s

Data Value Compare Debug Event ....

Imprecise DebUG EVENL ..ottt e e
Chapter 13. Clock and Power Management tereseressrsassiesssrssseessrasasessnsasanneeran 13-1

CPM Registers .......coevenvievenenceinvinnnnne
CPM Enable Register (CPCO_ER) ..

CPM Force Register (CPCO_FR) .... ... 13-3
CPM Status Register (CPCO_SR) .....ccocvuiiirieiieintirineties sttt 13-3
Chapter 14. Decompression Controller Operation ..........ccocvciisiiniissininecssnisnaninen, 14-1
Code Compression and DECOMPIESSION .......civcieeieieieereeiterseeeseesereessaesssestesaeestassssstassesessaessesssassaesseenees 1441
Code Compression ........ccoceeeeecveieeneenne e 1441
Code Decompression ..........c.cuvceerensenees e 14-2

Instruction Fetches to Compressed PAgES .......ccccccceeiiniiienieiietesiene et sen ettt s raesraeeennee s 14-2
Instruction Fetches to Uncompressed Pages ... ssisssesessessenssnasens 14-3
Performance ... o 14-3
Decompression Controller Registers .........cciincnenninininnnens e 14-3
Index Table Origin Registers (DCPO_{TORO-DCPO_ITORS) .....ccoevvierveersisserisesessmsessnsenns 14-4
Decompression Address Decode Definition Registers (DCPO_ADDR0O-DCP0_ADDR1) .... e 14-5
Decompression Configuration Register (DCPO_CFG) .......ccoveviiiiiiinienininninsisissnsnns .. 14-5
Decompression Controller ID Register (DCPO_ID) .............. 14-6
Decompression Controller Version Register (DCPO_VER) ........cccoocvcvvinnnne 14-6

Decompression Centroller PLB Error Address Register (DCPO_PLBBEAR) ...

Decompression Controller Bus Error Address Register (DCPO_MEMBEAR) .. e 147

Decompression Controller Error Status Register 0 (DCPO_ESR) .........ccoveevinrvenrniciieersisieseseeniinnees 14-7
Part IV. PPC405GP External Interfaces .... rresstrrererasesessn st sn s st s aa s n et atas v-1
Chapter 15. SDRAM CONEroller ......ccccceecrreceereersceeiissmmesssnssssmessssnensessssssssnssasssans 15-1
Interface Signals ........ccoiieciierinicirccr e e

Accessing SDRAM Registers

Preliminary ‘ Contents xi



SDRAM Controlier Configuration and StatUS ..........ccccvcervevenniniesencninesniseres e sesesesissesesessssessesesssnssssesenes 15-3
Memory Controller Configuration Register (SDRAMO_CFG)
Memory Controller Status (SDRAMO_STATUS) ....oceiiininiicsessssseresesnens .. 15-56

Memory Bank 0-3 Configuration (SDRAMO_BOCR-SDRAMO_B3CRY) .......ccceoeeeeminernrccrnenene ... 156-6
Page Management .........cccvvvicrienneemeiennenniessee s sresessesessessesessesesseneans . 157

- Logical Address to Memory Address Mapping ... 158
SDRAM Timing Register (SDRAMO_TR) ......... ... 159
Selected TIMING DIBGIAMS ..c.ccvvvririririierisirietsee st sensrese s e s ss s s e e e saressssasasessssasssssansnsnns 15-10
Auto (CAS Before RAS) REfrESh ...ccevviciieiiierccreenrcrenieness st intesiens s ssessestssesns s sssesssesas sasarsseansenes 15-13
Refresh Timer Register (SDRAMO_RTR) ..cc.cooeeeeeerrieenreierireresteesseneenesestesreseessessesessassssssssssnsessrssssssens 15-13
Error Checking and Correction (ECC) ... sssssssssssssesesssssssssssassesssenens 15-14

ECC Configuration Register (SDRAMO_ECCCFG) ....ccovuvvirereniiiniicniriieniisssesisnesisessnssersssssnsssesesenssens 15-14
COIrectable ECC EITOIS ...oiiiviieeierisiintiiisnniinissesssteneenessssaessstsiessesssesessssassstonesssssssesasasssnsssssesesssessssaneans 15-15
UNCOrrectable ECC EITOIS .......cvvciierminieseeresies s sesssressnssesresesssssssesssssassanssssssssessessssnssanessessensossnsssanns 15-15
ETOT LOCKING 1.eveiticieeiictetenie sttt s et s ettt s et t e ae b e aesae s bt ebeeebesheebe e ke ansssneanneennensesteesensessnssbesaasns 15-16
ECC Error Status Register (SDRAMO_ECCESR) ......cceeiiririiiieririreeenie e seessesesssresesssiesesenesas 15-16

Bus Error Address Register (SDRAMO_BEAR) ......... e 1517
Bus Error Syndrome Register 0 (SDRAMO_BESRO) .........cccveriniinniririsiinereneseeenssssassssesseseseesssensensns 15-17
Bus Error Syndrome Register 1 (SDRAMO_ BESR1) .............................................................................. 15-18
SElf-Refresh ..o R 15-19
Power Management .... ... 15-20
S188P MOAE ENHIY ..ot ... 15-20
Power Management Idie Timer (SDRAMO_PMIT) ... seseeseisssssssseeenes 15-20
SIEEP MOAE EXit ...covvrerreeeerieeierinrenresteseeniiesesiesessesssiesseessesessessssessessessrnsssesers
Chapter 16. External Bus CONtIrOlIEr .........cccciiiieecunnisniimisnencumssssmnsssssaesssssssssssssesaesassases
INTEITACE SIGNAIS ...ooirieiiceie e et e e sa e st s s b e tesaa e e e b e e raesasatesheasea et e sbesRsenenansasenbes 16-1
Interfacing to Byte, Halfword and Word Devnces PRIt 16-3
Multiplexed I/OS .......ccceveevirmrrcrcesreereeee s .. 16-4
Driver Enables .......cccoeevininceviveienne .. 16-4
Non-Burst Peripheral BuS TraNSACHONS .....ccccvuvvviierverreriieniesieninsssesseressssesssssssssseesassesessessessessssessesessnsessesesss 16-5
Single REAM TIANSIEL ...c.iiiieiiiiriitcrcric ettt ees e e asa st asnsssse shastonesasserenessebsssensassansanssnsans 16-6
Single Write Transfer
Burst Transactions ..........
BUrst REAd TraNSTEN .........ccivueiimnriiseesi st esssessssssssessssesasssnsesssessesessssesessesssssesnas
BUISt Wt TYANSTEE ..ottt ee s st ere s s st s e et n e e b sessebeseenesenens
Device-Paced Transfers ...........cocvvervrunns
Device-Paced Single Read Transfer .. .. 16-12
Device-Paced Single Write Transfer ..... . 16-13
Device-Paced Burst Read Transfer ... 16-14
Device-Paced Burst Write Transfer ... ... 16-15
External Bus Master Interface ..........ccocvvceernenes S e 16-17
Arbitration ......cccceenenee. 16-17
Transaction Overview 16-19
Single Read and Single Write Transfers w.. 16-19
Burst Read Transfer .........ccovvveeveecnenene ... 16-20
Burst Write Transfer ................. 16-21
External Master Error Interrupts 16-22
EBC Registers .......cuovvvirrenscneeecesescsninnes ... 16-28
EBC Configuration Register (EBCO_CFG) ......c..ccorviiireniincenmnrssisisessisesessnsmmsessecssnsssmsssesserssssessnnsssssnees 16-23
Peripheral Bank Configuration Registers (EBCO_BNCR) .........oovevirmnrennssenernesineressssseseessesesasnsens 16-25
Peripheral Bank Access Parameters (EBCO_BnAP) ........ ... 16-26
Error Reporting ' .. 16-29
Error LOCKING «.cvvvereriecieenreeessineeserinsseresssessnreeseesesnssssssensenessssnssessene ... 16-29
Peripheral Bus Error Address Register (EBCO_| BEAR) T ... 16-29
Peripheral Bus Error Status Register 0 (EBCO_BESRO) ........ccceeveerervmriininneeersrsesesessesesessesessssssessnaes 16-30

xii PPC405GP User's Manual Preliminary



Peripheral Bus Error Status Register 1 (EBCO_BESRT) .....cccoeviiceiiiiniinecrinncsiscnssennscrsssssnessvessessnses
Chapter 17. PCl Interface .......cccccuraunee .

PClOVEIVIEBW .oviviciiiiiiisiniciniseseseesesseerenssonssessessssnmstssssmsstsssssssessssnsessenssanssnsesnsssssessessorons
PCI Bridge Features .
PCI Bridge Block Diagram .........ceeermvesrcrensecinens
Byte Ordering .......occioneueenne
Reference Information .......

PCI Bridge Functional Blocks .....
PLB-to-PCI Half-Bridge ......
PCl-to-PLB Half-Bridge ...
PCl AbIter ...cocvvivinieriiinninne

PCI Bridge Address Mapping ..
PLB-to-PCI Address Mapping ...
PCl-to-PLB Address Mapping ...
PCI Target Map Configuration ...

PCI Bridge Transaction Handling .......
PLB-to-PCl Transaction Handling .....

PCI Master Commands .............
PLB Slave Read Handling .
Prefetching ..o,
PLB Slave Write Handling ....
Aborted PLB Requests ......
Retried PCl Reads ................
PCi-to-PLB Transaction Handling .
PLB Master Commands ..........cccceceunee.
Handling of Reads from PCIl Masters .....
Handling Writes from PCl Masters ........cccevervrvnieenseiieeciennecnniensnenns
Miscellaneous .......cvimeiviseininins TR “
Completion Orderning ......cceceiieiinieninecrinenninee e ssesesesesssesessessssessensennns
PCI Producer-Consumer Model ...
Collision Resolution ..........cccceceuen.

PCI Bridge Configuration Registers ...
PCI Bridge Register Summary .........cccceevene
PCI Bridge Local Configuration REGISEEIS .......cceeivrereriiiieercr ettt e e

PMM 0O Local Address Register (PCILO_PMMOLA) .......ccceccvrerinrinririrsnenenesr s seesesresreseseeseeessseses
PMM 0 Mask/Attribute Register (PCILO_PMMOMA) ....
PMM 0 PCI Low Address Register (PCILO_PMMOPCILA)
PMM 0 PCI High Address Register (PCILO_PMMOPCIHA) ....
PMM 1 Local Address Register (PCILO_PMM1LA) .....
PMM 1 Mask/Attribute Register (PCILO_PMM1MA) ...........
PMM 1 PCI Low Address Register (PCILO_PMM1PCILA)
PMM 1 PCI High Address Register (PCILO_PMM1PCIHA) ....
PMM 2 Local Address Register (PCILO_PMMZ2LA) ..o
PMM 2 Mask/Attribute Register (PCILO_PMM2MA) ......ccoiiiiiniiniiisniscesineniesessnenssssesnseseeseeessessess
PMM 2 PCI Low Address Register (PCILO_PMM2PCILA)
PMM 2 PCI High Address Register (PCILO_PMM2PCIHA) ....
PTM 1 Memory Size/Attribute Register (PCILO_PTM1MS) ....
PTM 1 Local Address Register (PCILO_PTM1LA) .....ccccoueueen
PTM 2 Memory Size/Attribute Register (PCILO_PTM2MS) ....
PTM 2 Local Address Register (PCILO_PTM2LA) ........cccoveueen
PCI Configuration Registers ........ccccveeieeeieeiescreeeecee e
PC1 Configuration Address Register (PCICO_CFGADDR)
PCi Configuration Data Register (PCICO_CFGDATA) ....cocccvireirierrcrcenirerreeeesstesresee e eneeans
PCI Vendor ID Register (PCICO_VENDID)
PCI Device ID Register (PCICO_DEVID) ......ccoeeurievirerieirriiinieeeeeeeeressisensesssesssessenessssssesssssessesesnens

Preliminary Contents xiii



PCI Command Register (PCICO_CMD) .......ccveeiminimnummiissiniistmssisniinsssesssnssissesssinssmesessssssssissnsass
PCI Status Register (PCICO_STATUS) ........
. PCI Revision ID Register (PCICO_REVID) ...
PCI Class Register (PCICO_CLS) ...c.cccovvmvvirmiiirinininiiriisiiscnsensaessencsnnennes
PCI Cache Line Size Register (PCICO_CACHELS) .... .
PCI Latency Timer Register (PCICO_LATTIM) ......cccoeiminmncciniiiincnciscninins
PCI Header Type Register (PCICO_HDTYPE) ........cccoevevvrvenenns
PCI Built-In Self Test (BIST) Control Register (PCICO_BIST) ......
Unused PCI Base Address Register Space ........ccceecverincnnnes
PCI PTM 1 BAR (PCICO_PTM1BAR) ..........
PCI PTM 2 BAR (PCICO_PTM2BAR) ....ccccoeevnmerirrcccrireneene
PCI Subsystem Vendor ID Register (PCICO_SBSYSVID) .....cccocvvrniivmmninicnriisiiseecrsiseisnes
PCI Subsystem ID Register (PCICO_SBSYSID) ........ccoevrurmrisnrmmnriiineininisennissnineiinnns veveeren
PCI Capabilities Pointer (PCICO_CAP) ...............
PCI Interrupt Line Register (PCICO_INTLN) ....
PCI Interrupt Pin Register (PCICO_INTPN) .............
PCI Minimum Grant Register (PCICO_MINGNT) ...........
PCI Maximum Latency Register (PCICO_MAXLTNCY) .
PCI Interrupt Control/Status Register (PCICO_ICS) .......
Error Enable Register (PCICO_ERREN) ........ccccccuninne
Error Status Register (PCICO_ERRSTS) ...............
Bridge Options 1 Register (PCICO_BRDGOPT1) .....ccccerrvvenene
PLB Slave Error Syndrome Register 0 (PCICO_PLBBESRO) ......
PLB Slave Error Syndrome Register 1 (PCICO_PLBBESR1) ......
PLB Slave Error Address Register (PCICO_PLBBEAR) .......ccoovinninnniinesnciiiiiinenees
Capability Identifier (PCICO_CAPID) ....ccoerriererireirsieneeiisest st st ssssssnans
Next Item Pointer (PCICO_NEXTIPTR) .......cc.con..
Power Management Capabilities (PCICO_PMC) .....c...covevreruirninnne
Power Management Control/Status Register (PCICO_PMCSR) .............
PMCSR PCI-to-PCl Bridge Support Extensions (PCICO_PMCSRBSE) ....
PCI Data Register (PCICO_DATA) .....cccccvriiirinnisincsineesiesnssnsssesesisenns
Bridge Options 2 Register (PCICO_BRDGOPT2) ......cccccevimrcnnininssisinssininne
Power Management State Change Request Register (PCICO_PMSCRR} ....
Error HANAING ...ooocveeiiiiieccirncieccnecree e scine s sssesinssmr e nee st s sssssnssssssssenssnens
PLB Unsupported Transfer TYPe .......ccccvccnieiniienimisnninssmenminmeemsscnseseons
PCIMaster ADOr ......cccccoviiieeiiinirienieinieee e s ssaens
Bridge PCI Master Receives Target Abort While PCI Bus Master ....
PCI Target Data Bus Parity Error Detection ...........cceccvviiiivrnennnnnn,
PCl Master Data Bus Parity Error Detection ........
PCI Address Bus Parity Error While PC! Target ...
PLB Master Bus Error Detection ...........cccovvinnenee
PCI Bridge Clocking Configuration ..........ccviiimnciininiicscciscissessiesssssisnesssisssnssssssensns
PCI Power Management INTErface ... s st ssssssessssansisssssesns
Capabilities and Power Management Status and Control Registers ..........cevvevvvnniiirinvcnnivinnnininene
Power State Control .......ccccvuvevniniinisns.
Changing Power States ...............
PCI Bridge Reset and Initialization ...
Address Map Initialization .........cccoccvccnnennne
Other Configuration Register Initialization .
Target Bridge Initialization ............ccoccvcvinn
Local Processor Boot from PCl MEMOTIY ......cceviiirieeiiieiriicnniiiiiictnneniicts e sssessssessisssssnsanane
Type 0 Configuration Cycles for Other DEVICES .......cc.ccoiirimciniicciiniis e
TIMING DIBGIAMS ..eiiiiiiieiiiiniesieetere et eseser ettt eeas st s e sbes s s h s s s b e be et s s b SR e s e e b e besbbebb s ba s b e s Rs R e s b e bE s e e nbe
PCI Timing Diagram DeSCHPLIONS ....c.ccouviiieniininmriiiniiiniisisiesin e sssssssssssnssossssssssss
PCI Master Burst Read From SDRAM ... sssssssssssssions
PCI Master Burst Write TO SDRAM ......cceviviceirinre et sessssssesssssssssessssnens

xiv PPC405GP User's Manual Preliminary



CPU Read From PCl Memory Slave, NonprefetChing ......c.cceecccerreesiienieceeneninieenenenesenesienseniesnnes 17-65
CPU Read From PCIl Memory Slave, PrefetChing ......ccccoeecenimeeninecnrciiceenennissseseseeseneens 17-65
CPU Write TO PCI MEMOTY SIAVE ....ciuiieiiriiiiiiniieinrieereaeeensereses et sseseseseseesesesesbesessesassesassonens 17-65
PCI Memory To SDRAM DMA TranSTer ......cccuvvieiiiiiieeeiiiie e scceenesse st stes s ssesstesnesaesiaassesssessasssanes 17-66

SDRAM To PCl Memory DMA TTanSIEr .....ccivieicereireereeitesicsresneeesessesiessnsiesesesseresessssessssessesssnens 17-66
ASYNCITONOUS ...ovviuritiiisiisisiesiniiisisesiass st sst st resesmsoetesesesseneentesasssssentenrsassssssaneessensestrassessansessessessessessanes 17-66
SYNCIIONOUS c..viviitisiiseietisietesisten e srecrsenst e rese st bes e sesaesbete et et astenteateseasesrestaseatenssmeaneebssesaesaensessensensaneen 17-92

Chapter 18. Direct Memory Access CONIOIIET ........cccormrerccvrrenrsmnserseesrsnssnessarsserssssssense 18-1
External Interface SIgNals ...ttt e e s 18-1
FUNCHONEAI OVEIVIEW ..ottt rareer e e ssesessessesanee et ssnsasesesaessesbessenssssasensenessessensensessasans 18-2
Peripheral Mode Transfers ...... 18-2
Memory-to-Memory Transfers . ... 18-3
Scatter/Gather Transfers .......cccevceervveverienesenerensanns e 18-4
Configuration and Status Registers ..........ccccvevevvireciiennnns e 18-4
DMA Polarity Configuration Register (DMAO_POL) ... 18-5
DMA Sleep Mode Register (DMAQ_SLP) ............... ... 18-6

DMA Status Register (DMAO_SR) ......cccecveeimvereieieececeeenee. 18-7
DMA Channel Control Registers (DMAO_CR0-DMAO_CR3) . 18-8
DMA Source Address Registers (DMAO_SAO0-DMAO_SA3) ....... .. 18-10
DMA Destination Address Registers (DMAQO_DAO—~DMAO_DAS3) .....ccecevererreecrenenesinneiesesnsessesseseasses 18-11
DMA Count Registers (DMAO_CTO-DMAO_CT3) ....eerirriereerieierereentenensrenseseessessessessssesssssssnssessassessessane 18-11
DMA Scatter/Gather Descriptor Address Registers (DMAQ_SGO-DMAO_SG3) .....ccocvcvrerervrinireereennes 18-12
DMA Scatter/Gather Command Register (DMAO_SGC) ...cc.eceererrerecerrireieeneieeerinieseesisesessessesessesnsssnnns 18-13
ChaNNE! POMHES ..o.eeuireciriiirieisisiste st st st sasae e saesesnesranensasssssasassasesasssesesssasnnsessensanaesessasessessensessnssensenta 18-13
Data Parity During DMA Peripheral TransSfers ....cuioeoereecinirnerirerienonerrsoisesesisesiensesesesiesssssesessessessessesens 18-14
EITOTS vt

Address Alignment Error

PLB TIMEOUL ..uiitieisieiiciiite et eesese st tes s sresbesassereesesasssesseanasesnssassessensentassnsessrnsesessensessessansn
SHAVE EITOIS .ucvieeeiiei it sn e stses s e sesaessesbe e sarsesa e sesssssanss sasssaneasessassensesseneesesseseensssessessessensensanes
DMA Interrupts ........c......
Scatter/Gather Transfers ................. . .
Programming the DMA CONntroller .........cc.eoveeeenenenenirreenerce e eeeneas
Peripheral Mode Transfers .......... .. 1817
MemOory-t0-MemOry TTANSTEIS ....c.iciceeeiieriieei et ee e rce e tre e e e et e e e e e ssesens e sreesrseesanesreassensaseesennsnann 18-20
Software-Initiated Memory-to-Memory Transfers (Non-Deviced Paced) ........cccoceeeerieeeinnienienineecencnes 18-21
Chapter 19. Ethernet Media AcCess CONIIOIIEr ......ccirrcerenmrscrsmssesesmesssessessersnssensssasssnes 19-1
EMAC Features ... PR OO S POTP TP PRO PO 19-2
EMAC Operation ...... ... 19-3
MAL Slave Logic .... e 19-4
OPB SIAVE LOGIC 1.vivviueiireiieririeiermeieiseese s srescesessesteteseseasnenessansa e ssssasasesessestentensentenestsnsesessessessenasssessens 19-4
Ethernet Address MatCh LOGIC ....c.iiciviiieeriiiiiiciiite ettt ee e e e te s e e e e e e eneessesreenseeneannnensenns 19-4
Configuration and Status Registers .. 194
Wake On LAN LOGIC .....eccevrrrernenne e 19-4
Ethernet MAC ..ot ... 19-5
EMAC Loop-Back Modes .......ccccccevrveerviencenrnnn. ... 19-5
EMAC Transmit Operation .................. 19-5
Arbitration Between TX Channels .. ... 19-6
Independent Mode ........cccceevereeuene e 19-6
Dependent Mode .......ccoceveercenienienienieiennnne 19-6
MAL TX Descriptor Control/Status Field .. v 19-7
Early Packet Termination in Transmit ...... .... 19-9
Empty Packets ......cccviecnninicnceeeneees e 19-9
Automatic Retransmission of Collided Packets . . 19-9
Inter-Packet Gap (IPG) Tuning .......cccoeeeverernene .. 19-9
FUll-DUPIEX OPEIALION ....ceeiirirreriiiisieectestentenis et et et ee st aese et e e s e sas e ssesee e sas s senee s seeaeeseeaensessensessansnnn 19-9

Preliminary Contents XV



Packet Content Configuration OPLIONS .......cccviieremveeernnmerisesreree et sesresaennssanees 19-10

EMAC ReCEIVE OPEIatioN ....civviiiiiiiriniirinsiinisscsiisnenss st r et st sbe st sas e s se s srsn s 19-12
EMAC — MAL RX Packet Transfer Flow ... e 19-12
MAL RX Descriptor Status ..........ccevcinnicns v 19-12
Early Packet Termination In Receive ..... 19-13
Discarding Packets During Receive ... 19-14
WOL Support .....coeeeinnnnniniecninnes 19-14

EMAC WOL Support . 19-15

Flow Control ........ccceeueee. v 19-15
MAC Control Packet ............. . 19-15
Contro! Packet Transmission ... 19-16
Integrated Flow Control .........c.ccccvvennen. «.. 19-16
Control Packet Reception ........ccceeeeenne e 19-17

VLAN Support .....cccoveveevenereenienenene 19-18
VLAN Tagged Packet Transmission .. 19-19
VLAN Tagged Packet RECEPHON ...t 19-19
Address Match MEChANISI ........ccoiiiiiiieeiieee e bbb e sr e s se e e eas 19-20

Non-WOL Mode
WOL Mode ............

EMAC Registers .......cccvveereccenennnnns
Mode Register 0 (EMACO_MRO) .....cocovvciumerieniininineiesr e s nmesesressssss s ssesssssssesessessssssssssessessssanes 19-25
Mode Register 1 (EMACO_MR1) ......coenueee. e 19-25

Transmit Mode Register 0 (EMACO_TMRO) ....

Transmit Mode Register 1 (EMACO_TMR1) .... o 19-28
Low-Priority Requests ........cocecverireccernens v 19-28
Urgent-Priority Requests .......cccccvceeunnes 19-28

Receive Mode Register (EMACO_RMR) ... ... 19-29

Interrupt Status Register (EMACO_ISR) .............. ... 19-30

Interrupt Status Enable Register (EMACO_ISER) .. 19-33

Individual Address High (EMACO_IAHR) ............. ... 19-35

Individual Address Low (EMACO_IALR) ......ccooviirinininiiniinine st eossssassssaens 19-36

VLAN TPID Register (EMACO_VTPIDY) ..ovvieiiecereecinirreteeeeers e rsse et s srssts s sta st s esessesnesessesnnss 19-36

VLAN TCI Register (EMACO_VTCI) ......... ... 19-36

Pause Timer Register (EMACO_PTR) .......ccoviviinnmiininiiciincnin o 19-37

Individual Address Hash Tables 1—4 (EMACO_IAHT1-EMACO_IAHT4) .....cceeerivivniiinrcceeencneees .. 19-37

Group Address Hash Tables 1—4 (EMACO_GAHT1-EMACO_GAHT4) .....cooevverrrereeeeerieeescneneeneneene 19-37

Last Source Address High (EMACO_LSAH) .........ccccoenninncnnnnninicinnn ... 19-38

Last Source Address Low (EMACO_LSAL) ............ ... 19-38

Inter-Packet Gap Value Register (EMACO_IPGVR) ... ... 19-38

STA Control Register (EMACO_STACR) ....cccoviiieriinieeicninicnnenesnsrnseesssssssessessesesssessnenes ... 19-39

Transmit Request Threshold Register (EMACO_TRTR) ....... 19-40

Receive Low/High Water Mark Register (EMACO_RWMR) .. e 19-41

Number of Octets Transmitted (EMACO_OCTX) .....ccceevrueee e 19-42

Number of Octets Received (EMACO_OCRKX) ..... e 19-42

MITINterface ....cccceveevirenecccre e e 19-42
Mt Station Management Interface .. o 19-42
EMAC - Ml Interface ................... ... 19-43

MAL - EMAC Packet Transfer Flow ... 19-43

Programming Notes ..........coeuvcnnnnn. .. 19-44

Power-Up and INItIaliZation .......c..cocveocevirieiieee i 19-44
RESEE OPHONS ..veiiieiieiie ettt st s s st s et e e see st s e sasa st s s besaesasasbEeaes st esnt et antanes 19-44
Scenario 1 ......

Scenario 2 ...
SCENAMO 3 .oiivevereeirierierseeriotetisesseesre e se e sseressbs s s st s st e e s a e s r b saesse st s b et estsas s eraesasseshabesestsntsissrennats

XVi PPC405GP User's Manual Preliminary



Chapter 20. Memory ACCeSS LAYET .......ciiiicimisininiiinisessncsinssisssssissssssenssesssssnsssasasaasas 20-1

IMAL FEALUMNES ..viireiiiiiieriiiiieesitee e eaesse s st e st e s b aeas s ss s e s be e saae e s e e sumaenbaa e eeesre et saanses sreesneesaeesaseeanseaaneeannsessraesan
MAL - Internal Structure
PLB MASTEE .eiiiiiiiiiniiiteeiicciieceee sttt e e s srare e e s s e s raeaetaas e s e s e e s r et rae st es seesnnaeaeensnnnaeeaeseae s manaearaaene sansnnrann

OPB MAASEET ...oeiieireecie ettt et e st sa e e sre e st e e s st e s aee st e s ae 2 e e e raeasaaaneeeratassesasteesenansaas srneeenseesraans

TX Channel Handler ..

RX Channel Handler ..

TX Channel Arbiter ....

RX Channel Arbiter .......... ... 20-4

TX Common Channel Logic ....

RX Common Channel Logic ...

Register Map File ....c.ovueeenne .. 204
Transmit and Receive Operations .. 20-4
Buffer DESCHPIOr OVEIVIEW ..ottt s st sttt se st e b e s b s b s sbs e nn et e s et 20-7
Transmit SOftWAre INTEITACE .........iiiceeerieriiite ettt et b e e n bbb s b e snres 20-9

Wrapping the BD Table for Transmit .. .. 20-10
Continuous Mode for TraNSMIUL ......coveeeceiiiieeeieet ettt st
Back Up a Packet for TFanSMIt ........ccereeecrnineeieeeceent e receecrese e s be s e en

Descriptor Not Valid for Transmit
Scroll Descriptors for Transmit ....
Receive Software Interface .................
Wrapping the BD Table for Receive
Continuous Mode for Receive ........
Descriptor Not Valid for Receive .....cccccoveeecivnericninaaen
Buffer Length for RECEIVE .......ccovvevverirecrrinrneecircennees
Descriptor Buffer Status/Control Fields
Information from a Software Device Driver Directed To MAL and COMMAC .......coceviiiciinnvennnnsenniennns 20-13
Information from MAL and COMMAC Directed t0 SOftWAIE .....ccvceeecevirrrarieniorcireniesiee s cresssenessnsessenenes 20-14
Status/Control Field Handling ...........ccccvveeeerenieeererennennnnnes
Status/Control Field Format ........
TX Status/Control Field Format ...
Bit0 - R~ Ready .....cccceeueenee.
Bit1—W-~Wrap ....c.cooccoeuenne.
Bit 2 - CM — Continuous Mode ..
Bit3—L—Last ...cccoeevvrreceeennne
Bit 4 — Reserved ....
Bit 5 — 1 = INTEITUPL .o s e
121 G358 (o T < TSSOSO PR PRSPVt
RX Status/Control Field Format ..
Bit 0= E = EMPLY oottt bbb
Bit 1 — W — WIAD .ottt bbb s s st
Bit 2 — CM — Continuous Mode
Bit3—L —Last ...ccoevrevurerrenens
Bit 4 - F - First ......
Bit 5 — | - Interrupt .
Bits 6 t0 15 .....cceveveeeee
MAL Programming Notes ...
MAL Initialization ........
Interrupts .............. .
=T (o1l o F=ToTo |11t o OO O OO OO OO SO PR PTOT
Error Detection
Indicated Errors .
Error Handling REGISTELS ......ccuiuiriiiercnietece ettt st s nne e
Operational Error MOGES ......occeivievereceiriireitet et sae e st st se e e ssa e eaesaaean e et e nresaass et enesssenns
Resolution of an Error Situation . .
INEITUPES TO SORWAIE ..couieirrceiireicrir ettt ettt st e s et e sassaneaaens

Preliminary Contents Xvii



MAL REISTEIS ..viiitiriiiiciiniiieii ittt sttt e b e e bt s s e e e n et naanren 20-24

MAL Configuration Register (MALO_CFG) ... 20-25
Channel Active Set and Reset Registers ...... ... 20-26
End of Buffer Interrupt Status REGISIErS ....cccoivireeiiiinie et esanes 20-28
EFTOr REISIEIS ..oeciciitiiiecei sttt ettt b e e s e s e e e s e meanebesnen e arenbenn s e sbenennens 20-29
MAL Error Status Register (MALO_ESR) ...... 20-29
MAL Interrupt Enable Register (MALO_IER) ......cccccocevvvvnrercnnnnieniereennnnes . 20-31
Descriptor Error Interrupt Registers (MALO_TXDEIR, MALO_RXDEIR) .... e 20-32
Channel Table Pointer Registers (MALO_TXCTPXR, MALO_RXCTPOR) .....c.ceccruriervemrermermrrerensncersnnnenens 20-33
Chapter 21. Serial Port Operations .. deneminseasiaressae e st s s e rnennnnns . ..21-1
FUNCHONAl DESCIPHON ...coiiviiiieciiiti et s e e et e s ne e b e nesaesae 21-1
Serial INPUL ClOCKING ..ucviiriiiiireiiinini bbb e et sn b 21-2
UART REGISIEIS .uveveeceiiiuireeertrresiesseseserstssssseesenesssessesssessessesessssssastssessensesessesssseesenseseesessastesarsestssassassensssanss 21-4
Receiver Buffer Registers (UARTx_RBR) ....... . 21-5
Transmitter Holding Registers (UARTx_THR) . .. 21-5
Interrupt Enable Registers (UARTX_IER) ....cccccouiirivineriiienerneerenereessseeesnsssssesnssessesssessensrassissssssnsassssssres 21-5
Interrupt Identification Registers (UARTX_IIR) .....ccvciiirrerimimiieenecnminencecienrenenneresesenmosessoneesesessessasnsnases 21-6
FIFO Control Registers (UARTX_FCR) ............ . 217
Line Control Registers (UARTX_LCR) ...... .. 21-8
Modem Control Registers (UARTX_MCR) ........... ... 21-10
Line Status Registers (UARTX_LSR) .....c.cccceviumans e 2111
Modem Status Registers (UARTx_MSR) e 21413
Scratchpad Registers (UARTX_SCR) ....cccoccerernircrcenmiisiennensescneenennes 21-13
Divisor Latch LSB and MSB Registers (UARTx_DLL, UARTx_DLM}) .... ... 21-14
FIFO OPEration .......ccccoreeeirirreniecerenerirnessestesessessesessessessssassssessessansssessens .. 21-15
Interrupt Mode .. 21-15
Receiver ...... 21-15
Transmitter .. e 21-16
Polled Mode ............ . 21-16
UART and Sleep Mode e 21-16
DIMA OPEBIALION .....veiieeeeeeesiircirteeteirietieste st tesaesseesessaessi st asbasseatesbaeneessestseasnestastessentasssessesstasessnsssesansesrnareess 21-17
Chip Control Register 0 (CPCO_CRO) ......ccvirrevinnneininriiniscnininieisssnnnsssssnssensesssanessssosssassssssensssesssses 21-17
Transmitter DMA Mode .......c.cocvvnennnee. . 21-18
RECEIVEr DMA MOTE ...ceoviriiiitiiesiiirireiecs s s ettt esaa st e b ebe e saenent st ebensssetesensasesnsensssesensees 21-20
Chapter 22. 1IC Bus Interface ........c.ccccvvminminsnicnicscnsnnsmnscnisnssensssssensanns - e 22-1
AGAIESSING ...ervvitrererireiieererrietr ettt sre s et se e ee e eaesa e s e e e aesrssee e et e e e e Eea s st e e e nere R e E et n e ee e ebenrenenaenn 22-1
Addressing Modes ...... . 221
Seven-Bit Addresses .. . 22-2
Ten-Bit Addresses ...... . 222
IIC Registers .......ccecenvenne . 222
IIC Register Descriptions .... . 22-3
1ICO Master Data Buffer . . 22-3
1ICO Slave Data BUET ....c.ivviviiiiiiiiiiniiiii ettt sttt beseesenen 22-4
1ICO Low Master Address REQISTEL .....cciiiiiiniiciienircteniinnsstesisssrestssss e s st see st s ste st seesene st st assessesnsasnes 22-5
IICO High Master Address Register .... -
11CO Control Register ......c.ccocevncnne. .-
11CO Mode COntrol REGISIET .......coiceurciiriiiiiienitiei e sineee e ieste s eeeeseressesease s ses st sreesesesresansessonssnssansansns
1ICO Status RegiSter ... e e

1ICO Extended Status Register ........
1ICO Low Slave Address Register ...
11ICO High Slave Address Register
11CO Clock Divide REQGISLET ......icorreerveercreitrerinriecsies e reeesceenraeses s reesssne s sressessessanessasessssnssessansane
1ICO Interrupt Mask Register .....
lICO Transfer Count Register ........c..cecvvnrirnuennnnes
11CO Extended Control and Slave Status Register ..o 22-18

xviii PPC405GP User's Manual Preliminary



1ICO Direct Control REGISIEN ......cccvviiiimiiiiiiiniiiiiesi s e eae 22-20
Interrupt Handling ...........cc......
General Considerations

Chapter 23. GPIO Operations .......cccecceeievinnene

GPIO Controller Overview ...
Features .......cccvevviienivenne
GPIO Interface Signals ....
External Macro Signals .......cccceveevmnireinninneeniceeieseeiins
External Module Signals ........ccceecenreinecnniiencnieenniinenneaneens
Clock and Power Management
GPIO Register Overview ............ . .
GPIO RegiSter RESE VAIUES .....ccouiiiiiiieiiiireetre st sttt et esat s raeesse s ssn s s s s saes e esessusasnasanes
Detailed Register DESCHPHOMN ...cccoccirerirrirecreciieieeetessrerstessaeec s sereseseess e s ressssesseessssesesosesenntesonsesssesnnee
GPIO Output Register (GPIO0_OR) .....c.ccoceveeveerrvernnns
GPIO Three-State Control Register (GPIO0_TCR) .... ..
GPIO Open Drain Register (GPIO0_ODR) ......ccoceieirirrreeeieeeriensesessseseseseessesssssseessessessessessessessesnes :
GPIO Input Register (GPIOO_IRY) ......cooiiiriireieeerie ettt s st et e s se e srne s sse e sbesreese e

Part V. REfEIENCE .....ccccmrirrercceerrecccnneenicsienmsesesissssnmmsnssssessssnsnssisssssassssesissnanaseasssnmsensassressene

Chapter 24. Instruction Set .......

INStruction Set PORADBIIILY ......cccoiieeieiiiieee ettt ettt
Instruction Formats ..........
PSeudocode ...

Operator Precedence ......c.coocvvivvecieniniiniesnereienseeeeeee e
Register Usage .......cccceorerrneneee
Alphabetical Instruction Listing ..

creqv ...
(o] 1 0T Lo T« OO OO OO SUSO Y U OTPOYPPTRURO

Preliminary Contents Xix



icread ...
isync ..

Ibzu ...
Ibzux ..
lbzx ....

macchw ....
macchws
macchwsu ...
macchwu
machhw ....
machhws
machhwsu ...
machhwu

XX PPC405GP User's Manual Preliminary



maclhwsu

MACIAWU .o e re e s ae s sse e s saa s rassbsssbessssssbnesessnsnnns rereserenenentess et e st e s e sae
ITICHT 1ttt et be s e e rae b s r e e e st e e be e be e e sRr s e st e b e s et e R e E e SR e e e s R e st aeRbeabsat e st e s et e s ha et e e rentns

mulchwu ..
mulhhw ....
mulhhwu ..

mulhwu ....

mullhwu ...

mullw ...

nmacchw
nmacchws
nmachhw

nmachhws. ...

nmaclhw
nmaclhws

riwimi ...
rlwinm

slw ...
sraw ..
srawi .

Preliminary

Contents

XXi



Chapter 25. Register Summary

Reserved Registers
Reserved Fields
General Purpose Registers
Machine State Register and Condition Register .
Special Purpose Registers
Time Base Registers ...........
Device Control Registers .....
Directly Accessed DCRs ...
Indirectly Accessed DCRs
Indirect Access of SDRAM Controller DCRs
Indirect Access of EBC DCRs
Indirect Access of Decompression Controlier DCRs ..
MMIO Registers
Directly Accessed MMIO Registers ...
Indirectly Accessed MMIO Registers ..
Alphabetical Register Listing
CCRO
CPCO_CRO ....
CPCO_CR1 ...
CPCO_ER ..

CPCO_JTAGID ..
CPCO_PLLMR ..
CPCO_PSR

xxii

PPC405GP User's Manual

Preliminary



CPCO_SR ...ttt sas et 25-28

DCP0_ADDRO-DCPO_ADDR1 ..
DCPO_CFG ........... .
DCPO_CFGADDR .
DCPO_CFGDATA ..
DCPO_ESR ...........

DCPO_ID ...
DCPO_ITOR0-DCPO_ITOR3 .
DCPO_MEMBEAR ..ottt e aes bbb e b ae s
DCPO_PLBBEAR ...ttt st s e s bbb bbb s ann
DCPO_RAMO-DCPO_RAMSFF ..
DCPO_VER ...t
DCOWR ettt b bbb R e a e b aene
DEAR
DMAO_CRO-DMAOQ_CRE .....ooiiiieieieeeteeeeie st ss e e st be bbb enns
DMAO_CTO-DMAD_CTS ...oviierermiiieieiinieiieet sttt s b bbb e sa s s bbb bens
DMAO_DAC-DMAO_DAS ....
DMAO_POL ..ottt bbbt
DMAO_SAD-DMAD_SAS ...ttt st st bbb
DMAO_SGO0-DMAO_SG3 ....
DMAO_SGC ....cceoesvrneuinns
DMAO_SLP .....
DMAO_SR ..........
DVCR1-DVCR2 .
EBCO_BEAR ......
EBCO_BESRO ....
EBCO_BESR1 ...
EBCO_BnAP .....
EBCO_BnCR ..
EBCO_CFG ...........
EBCO_CFGADDR .....
EBCO_CFGDATA ......cccoevrururrnnans
EMACO_GAHT1-EMACO0_GAHT4
EMACO_IAHR ..ot s bbb bbb 25-81
EMACO_IAHTT-EMACO_IAHTA ..ottt s bsra b s n bbb 25-82
EMACO_TMRO
EMACO_TMR1
EMACO_TRTR
EMACO_VTCI
EMACO_VTPID ..ottt st bbb bbb bbb st 25-87
ESR e e e bbb b
EVPR............
LT [0 OO
GPIOO_ODR ...t et a R e
GPIOO_OR ..... '
GPIOO_TCR ...
GPRO-GPR31

Preliminary Contents xxiii



TACT=IACA .o e e 25-95
ICCR ..........
ICDBDR .....
1ICO_CLKDIV .-
ICO_CNTL ....cccuueeee . 25-100
HCO_DIRECTCONTL ..ottt bttt bbb bbb e 25-101
HCO_EXTSTS .ot bbb e st sb R e r s n b 25-102
HCO_HMADR ..ot e s 25-104
HICO_HSADR ..ottt et bbb et bbbt s seaea 25-105
HCO_INTRIMSK ..ottt b b bbb s e s 25-106
IICO_LMADR
IICO_LSADR
HICO_MDBUF ...ttt et ettt
lICO_MDCNTL ..
IICO_SDBUF .....
IICO_STS ..........
INCO_XFRCNT ......
IICO_XTCNTLSS ..
LR i
MALO_CFG ...
MALO_ESR ...
MALO_IER .....
MALO_RCBSO ......
MALO_RXCARR ..
MALO_RXCASR ...
MALO_RXCTPxR .
MALO_RXDEIR ........
MALO_RXEOBISR
MALO_TXCARR ...ttt bbb bbb
MALO_TXCASR ...
MALO_TXCTPXR ettt bbb s en e e
MALO_TXDEIR ..ottt s st b

MALO_TXEOBISR ...
MISR e eeeeeeeeeesmeesse e eeeesesesese e sttt
OCOMO_DSARC ..o eveeeeeeestsssseeseeeessesmeeesesessesesseeseeesesssssesensassseseseseessesssenssssessssseseseeeesesesessessssees
OCMO_DSCNTL ..

OOMO_ISARGC .eoeveveeeeeeeseeeseeeeseeseseeesessessssseesssseesssesessessssesesesme e eesssseessseesseesessseeesssssesesssssssssssssnees
OCMOL_ISONTL wovvoeeeeeeeeeseeeeeeemmseesessessesssessseeseseessssesssesessessssesesseeesseassssseesssssssssmsessssssesessessressesssssssseees
OPBAO_CR .......

OPBAO_PR ..cooveeeeeeennn.

PCI_BAROPCI_BARD .....o.ooomeovveeeememesesess s essssssesesasmsessoesssssssesseos eeesesss s sessseessssemmmesesssssneserssssssssse
POICO_BIST ovveveeeeeeermseseeseeeeeeeseesaeesenssssseseesseseessesesasesesssesses e seseestssessssssessssesseeseseseeeress s enesssseee 25-142
PCICO_BRDGOPTT oo veveeseseresseseeeseseeeseesesssessesesssssses e sesssesssssseesssessessesssseesssessessesssssssesssssese 25-143
PCICO_BRDGOPTZ ..o seeeeeeeemesessees oo sesesemesesseese e eessesseseeesssesessessesseesseeeee e 25-144
POICO_CACHELS .o veeeemeeeeseseeeeeeesessssesesesssesseeeseeeesseeeessseesseessseeeeeeeesssssesssesesssssesesessssesseseesrese 25-145
PCICO_CAP ....oooeeeeoeteeeeieesseeeeeseeeeaeesassesesesesesessssaresessesesssss s sessemesesseeseseesesesssesssesesasssssesssessessssese 25-146
POICO_CAPID eevvveeeernrereeeeeeeveseeesssesssseesesessssessesessssssesessssseeesesesessmsenessessssesssessssssssessssssssesessessesesseseeees 25-147
POICO_CFGADDR ... eeeeeeeeeeesessseeessessesssessessessseesseeeeseeeeesesesseessssseesesssssssesssessssessssseesessesesseseseees 25-148
POICO_CFGATA rereveeeeeseeeeeeveeesesesesesssesesssseseasieesesesssssmesassessssssesesssssessesssesssseessssesssssssessesssesesesesenes 25-149
POICO_CLS ovvvvvveeemeesesresseeseseeesessesessssssssesseseseessessesessssseseeesesesssesemsseeeseseessesssessesmesnessssssesesssessesseeee 25-150
PCICO_CMD oo eeeereeeeeeveean et re et e e s e s s 25-151
POICO_DATA covveveeerereeeseseeesessessssesaasessessssessseeeseessnssssssssesssesessssssenessesssesessssssssmssssssesessesesessesessessseses 25-153
PCICO_DEVID .vvveeeeeeerereeseeesvereeeemesesseseessesessssssessmessesssssssssesssssssssmsesessesssseessssssssseeesessssssssssssssesseessoee 25-154
POICO_ERREN .ecoooreeeeeeeeeeeeeeesseseeseesessseseseseessssssssssesessesseessssesessssssesssssesseseememesessssessssesesseerseeseseee 25-155

xxiv PPC405GP User's Manual Preliminary



PCICO_ERRSTS ..ot et es bbb e e en bbb e 25-156
PCICO_HDTYPE ...

PCICO_ICS ......... 25-158
PCICO_INTLN .... 25-159
PCICO_INTPN ... 25-160

PCICO_LATTIM ......... 25-161
PCICO_MAXLTNCY .. o 25-162
PCICO_MINGNT ........ ... 25-163
PCICO_NEXTIPTR . ... 25-164
PCICO_PLBBEAR ..... ... 25-165

PCICO_PLBBESRO ...

PCICO_PLBBESR1 ... ... 25-168
PCICO_PMC ........... ... 25-170
PCICO_PMCSR ......... .. 25-171
PCICO_PMCSRBSE .. e 26-172
PCICO_PMSCRR ...ttt tib e bt sttt s b e e et b bbbt cseneseseneasan
PCICO_PTMIBAR ..ottt et sheess sttt eb e e b bbb e e n et e s se e as
PCICO_PTM2BAR .. .
PCICO_REVID ..ottt ettt et b et s s sttt en s n e e
PCICO_SBSYSID ..ottt e bsb e et s e s et s s et s b e
PCICO_SBSYSVID . .
PCICO_STATUS

PCICO_VENDID

PCILO_PMMOLA

PCILO_PMMOMA

PCILO_PMMOPCIHA ...ttt st st s bbb st 25-184
PCILO_PMMOPCILA .. ... 25-185
PCILO_PMM1LA ........ ... 25-186
PCILO_PMM1MA ....... .. 25-187
PCILO_PMM1PCIHA . 25-188

PCILO_PMM1PCILA ..
PCILO_PMM2LA .....

PCILO_PMM2MA ....... .. 25-191
PCILO_PMM2PCIHA . ... 25-192
PCILO_PMM2PCILA ...... ... 25-193
PCILO_PTM1LA ... ... 25-194
PCILO_PTM1MS ... ... 25-195
PCILO_PTM2LA ...t ... 25-196
PCILO_PTM2MS ..ot .. 25-197
| d | D N

Pl ettt ke e e a s ettt
PLBO_ACR ...t bbbt e R
PLBO_BEAR .... .
PLBO_BESR ...ttt e sttt E e bt en et
POBO_BEAR ‘

POBO_BESRO

POBO_BESR1

PV R ettt st
SDRAMO_BOCR-SDRAMO_B3CR ... 25-209
SDRAMO_BEAR ..o .. 25-210
SDRAMO_BESRO ... e et 25-211
SDRAMO_BESR1 ... .. 25-213
SDRAMO_CFG ........... .. 25-214
SDRAMO_CFGADDR .....coiiiiiiiniiiinier ettt ss st et e sa st bbbt as b 25-216

Preliminary Contents XXV



SDRAMO_CFGDATA ...ttt ettt e e e s s en bt bbb n R as 25-217
SDRAMO_ECCCFG ..... ... 25-218
SDRAMO_ECCESR ..... w. 25-219
SDRAMO_PMIT ........ ... 25-220
SDRAMO_RTR ...

SRRO et e h e bbb a e e e R e R e e e e 25-229

UARTX_DLL ....cooviiiiiiiinne
UARTX_DLM ...

UARTx_FCR ... e 25-241
UARTX_IER oottt e 25-242
UARTx_IIR ..... . . - . ... 25-243
UARTX_LCR ..ottt . 25-244
UARTX_LSR ...... e 25-245
UARTx_MCR ..... . 25-247

UARTX_MSR ..... .. 25-248

UARTX_RBR ..ottt st ettt s snesse e sa e s s e s b sbessseabe st e s e s bt st e s e satsabsaesasebesaaesbasaesstsssssasenns 25-249
UARTX_SCR ..ottt rtrtsisieasasce e ses s esssessesesesssssesesbesasea e st seesentssesentssesessasasessacsenssresestsssrsssaresans 25-250
UARTx_THR .. . 25-251

L0 10 0 1 = TN 25-252
25-255

.. 25-258

25-261

25-264

.. 25-267

25-270

25-271

... 25-272

.. 25-273

25-274

Chapter 26. Signal Summary .......c.cceeeneenenas 26-1
Signals Listed AIPhabetiCally ...........ccucererrrneiiierieeeesnesesese st ee et e et s bbb san s 26-1
SiGNAI DESCHIPLIONS ....cuvieiieeeiee ettt eete sttt et et e s e e e e st eeteese e sae st e s e s st s e st bbb e s b s sbnebae s s s b b s b be s bt e bbbt e s 26-5
A. Instruction Summary . .- A-1
Instruction Set and Extended Mnemonics — Alphabetical ..........c.cccoiciiniinicc, . A-1

Instructions Sorted by Opcode .........cceccvrviiiececriniinseecenne . A-33
INSEUCHON FOMMALS ...eireeeeriiiiiicii et e e r e seae e s e e eaenasae s oses bt a st s s sn s st st e st s sabe s nnasanserbnessanessaerenss A-41
INSETUCHON FIBIAS ...oeeeeeiiiiiiecee et et e e ree s s e s e e e se s e b s sk s e st s s e s s b e sa b e s e s et s ssbnnenaesnnenreass A-41
Instruction Format DIBGrams ........cccciiiriiiiniiiice ettt s et er s s s e A-43
I-FOrM e ..A-44

B-Form ...
SC-Form ...

Xxvi PPC405GP User's Manual Preliminary



X-Form ..... A-45
XL-Form ... A-45
XFX-Form A-46
X0-Form ... ... A-46
M-FOrm ..ot ... A-46
B. Instructions by Category ........cccvceninsissricniiarennnans resrrenesssnessasane e nenra e veees B=1
Implementation-Specific INSIIUCHONS .........eciiiiiiirie ettt e e svasaasan s B-1
Instructions in the IBM PowerPC Embedded Environment .. ..B-5
Privileged Instructions .........cccocovvvinneniniencns et et sae et .. B-7
Assembler Extended Mnemonics .........cccvevecienncnnineceeenne, . . SRR B-9
Storage Reference Instructions ....... . . . ... B-29
Arithmetic and Logical INSTrUCHIONS .......veccerireniiueinerninnssesiieninsesesese s seevesessssssessssesessesns ... B-33
Condition Register Logical Instructions ............ .. B-37
Branch Instructions ..........coccoviiecinennene ... B-38
ComPpaniSON INSITUCHONS .....ccciiriiererirereseeesis et se st e se s e b e ae e s s e s easbeseseseesessess e st et sbensensesesseareraeassenes B-39
Rotate and Shift INSTIUCHIONS .......c.cceerviriirer ettt b e sr et ebesbes s enssranis B-40
Cache Control Instructions ..... ... B-41
Interrupt CONIOl INSITUCHONS ..viviieeieeeeeriereret ettt cceses sttt et et s ee bbb s e saesae st e e b e e seannen B-42
Processor Management INSIUCHONS ........cciiecuiiuieieieiie ittt ste ettt e e e s re s e b aebesseetesseesneestesananas B-42
C. Code Optimization and Instruction TiMiNgs .....cccccoirriireenmeneeerissesnrrsnerenssens S C-1
Code Optimization GUIAEIINES .......cccceiiririieiirirecee st e st st bt e e e st ba et ans C-1
Condition Register Bits for Boolean Variables ... C1
CR Logical Instruction for Compound BranChes .........iecccereererimioiecesemsesessssssesnensersseseseesssssiesssssens C-1
Floating=-Point EMUIALION ....covicvevieiirecciiintcieeeeeres ettt sse st ssese st e s east e e sinssasse st sssssssensesansasens C-1
Cache Usage ........c.c......

CR Dependencies ...
Branch Prediction ....
Alignment ............
Instruction Timings ...
General Rules ..
Branches ..........
MUBIPHES 1ottt er e s e e e s e et s e s e ae s e s s et eat s et s e e e s et et saenaee e ereararens
Scalar Load Instructions
Scalar Store Instructions

Alignment in Scalar Load and Store INStrUCHONS .......cccoiiviiiirrnieeineeineere e s se s C-5
String and MUItiPle INSIIUCHONS ........ceieeieeierirte ettt ettt s s C-6
Loads and Store Misses .

Instruction Cache Misses

Preliminary Contents xxvii



xxviii PPC405GP User's Manual Preliminary



Figures

Figure 1-1.
Figure 2-1.
Figure 2-2.
Figure 2-3.
Figure 2-4.
Figure 2-5.
Figure 2-6.
Figure 2-7.
Figure 2-8.
Figure 2-9.
Figure 3-1.
Figure 3-2.
Figure 3-3.
Figure 3-4.
Figure 3-5.
Figure 3-6.
Figure 3-7.
Figure 3-8.
Figure 3-9.

Figure 3-10.
Figure 3-11.
Figure 3-12.
Figure 3-13.
Figure 3-14.
Figure 3-15.

Figure 4-1.
Figure 4-2.
Figure 4-3.
Figure 5-1.
Figure 5-2.
Figure 5-3.
Figure 5-4.
Figure 5-5.
Figure 6-1.
Figure 6-2.
Figure 6-3.
Figure 6-4.
Figure 6-5.
Figure 6-6.
Figure 7-1.
Figure 7-2.
Figure 7-3.

PPC405GP BIOCK DIBGIAM .....coceeeiiiiieeieeeenirste e reese et sreses s e st easesesbssane e e b e snassaassssonannenne 1-2
Overlapped PLB TrANSTEIS .....coueeiiiieiiicieitiniie st ssss e ssessasstesners s e sessessaesanssnesne s 2-4
PLB Arbiter Control Register (PLBO_ACR) .....cccouiiiiiiininiieneienincnreses et ssese e snes s 2-5
PLB Error Address Register (PLBO_BEAR) ......cc.cccciiiiiiniimniieiirccnissci e smeeees 2-6
PLB Error Status Register (PLBO_BESR) ......ccccocvviiiiininiinniiciinnn s snesne 2-6
Bridge Error Address Register (POBO_BEAR) .......ccovuiiiiininincnimnr e 2-8
Bridge Error Status Register 0 (POBO_BESRO) ........cccovuiriiimiinenionnineiieniesnminmnsieeeens 2-9
Bridge Error Status Register 1 (POBO_BESR1) ...... ..2-10
OPB Arbiter Control Register (OPBAO_CR) ........ .. 2-12
OPB Arbiter Priority Register (OPBAO_PR) ..... ..2-13
PPC405GP Programming Model—RegiSters ... e 3-5
General Purpose Registers (RO-R31) ..o e asses 3-6

Count REGIStEr (CTRY) ....eeciiiiieeeiiiir ettt e sbe s s e as e ssb et s s e b s r e reshn e nananes 3-8
Link Register (L) ....coceieiiiiiieniiniciinisi ettt 3-8
Fixed Point Exception Register (XERY) ....c.c.ovcivnnnniioniesnnnee. 3-10
Special Purpose Register General (SPRGO-SPRG7) .......ccocecrrinemimnminiinmineocnenonseenes 3-11
Processor Version Register (PVR) ......ccccciiceeiernennnienecieniesennnsinesssinssnssisessessssssssssenssssses 3-12
Condition REGISIEr (CR) ....cevveerierreriirirereriesesenreseserensseesnsssessseessossassssssssissssenssisssssssnsssssnes 3-13
Machine State Register (MSR) ... e ssesseesessssens 3-15

PPCA0SGP Data TYPES .evvvrirrerreireireeriseneessissesmesessesassessessnesesssssessenesesssnssstssensssssssnssersninsessssans 3-26

Normal Word Load or Store (Big Endian Storage Region) .......c..cceviinnnininiincnionn, 3-32

Byte-Reverse Word Load or Store (Little Endian Storage Region) .........cccecnicrreccncncinnennnen. 3-32

Byte-Reverse Word Load or Store (Big Endian Storage Region) .........c.ccccvviveiiiieniiinninnnee. 3-33

Normal Word Load or Store (Little Endian Storage Region) .........cccocvveniricrcincencnnecinnnee. 3-33

PPCA405GP INStruction PIPEIINE ...ccccciviereiienerenieneniereeenieseseesersnnssnnssesessesesmssrsarssssessessessense 3-34
INSEIUCHION FIOW .ouviiiiiiiiiiiiniiiiniiis ittt s as b 4-3
Core Configuration Register 0 (CCRO) .....c.ccvvvrerrerserrecrereereinissesissensiinsmsnsesmsssssessssssssssssseses 4-11
Instruction Cache Debug Data Register (ICDBDR) ........cooeveiiiininiinnninecnnmeseeneieenns 4-14
OCM AJArESS USAE ...ccvvrrirriruisircrmermenimisesrsnmismsesssessertsrassssesssasssstassssnessssese sasnsessesss siessasessesssesses 5-2
OCM Instruction-Side Address Range Compare Register (OCMO_ISARC) .......ccccevniniiirininnnans 5-5
OCM Instruction-Side Control Register (OCMO_ISCNTL) ..cccrviiieerercicreresiniseiecseiisesessenee 5-6
OCM Data-Side Address Range Compare Register (OCMO_DSARC) .......ccceviireecrcnrrrinrcrnnnne. 5-7
OCM Data-Side Control Register (OCMO_DSCNTL) ....cccovrveeriieniniiecneninnninesesescen e 5-7
Effective to Real Address Translation FIOW .........ccccniiiniicnnnnseessiennn 6-2
TLB ENMMES oot bbb s e s e s 6-3
ITLB/DTLB/UTLB Address ReSOIUtION .....cceccreriiieiriiiininiiiisisisinsinisinisssssesssssssnnns 6-8
Process ID (PID) ....coveeercvimiieinmisiimsresissescsnisasessssssoissseresssssssssssessssssssssss s sssssassssssssessssess 6-13
Zone Protection Register (ZPR) ... 6-14
Generic Storage Attribute Control REQISLET ........ccccvevivieiineerieetere ettt eseeees 6-18
PPCA0SGP ClIOCKING ..vevviireereeruinirinieiasiasresieresisessssssesessessessessesssessssssssssssessssessesesnssnssasesescessesses 7-1
PLL Mode Register (CPCO_PLLMRY) .....cooiviiirireinerene e e sssssessssressssssssassase 7-10
Chip Control Register 0 (CPCO_CROY) .....cccvviiriireieeerenseeereeers e sresee s ssssssssssrassasussesssee 7-12

Preliminary Figures XXix



Figure 9-1.  Chip Pin Strapping Register (CPCO_PSR) .....cccccoviiiiiniiiiissns 9-1

Figure 10-1.
Figure 10-2.
Figure 10-3.
Figure 10-4.
Figure 10-5.
Figure 10-6.
Figure 10-7.
Figure 10-8.
Figure 10-9.

Figure 10-10.
Figure 10-11.
Figure 10-12.
Figure 10-13.
Figure 10-14.
Figure 10-15.
Figure 10-16.

Figure 11-1.
Figure 11-2.
Figure 11-3.
Figure 11-4.
Figure 11-5.
Figure 11-6.
Figure 11-7.
Figure 12-1.
Figure 12-2.
Figure 12-3.
Figure 12-4.
Figure 12-5.
Figure 12-6.
Figure 12-7.
Figure 12-8.
Figure 12-9.

Figure 12-10.
Figure 12-11.
Figure 12-12.
Figure 12-13.

Figure 13-1.
Figure 14-1.
Figure 14-2.
Figure 14-3.
Figure 14-4.
Figure 14-5.
Figure 14-6.
Figure 14-7.
Figure 14-8.

UIC Status Register (UICO_SRY) ......ccceccrriernernienicnc st 10-3
UIC Enable Register (UICO_ER) ........cccoeriermmnmiieninicnnctesie st snenssens 10-6
UIC Critical Register (UICO_CR) ....

UIC Polarity Register (UICO_PRY) .....ccccovorincnniiininseninees . 10-11
UIC Trigger Register (UICO_TR) ..ccceoeriirneinieceniiinrirseneseeineeenens .. 10-13
UIC Masked Status Register (UICO_MSR) ........cccceririininiicniiiss e 10-16
UIC Vector Configuration Register (UICO_VCRY) ........ccocevininiinnnnosnnnon 10-19
UIC Vector Register (UICO_VR) ... snesnene 10-20
Machine State Register (MSR) ..ccccevvriiicmniriiiei e e 10-28
Save/Restore Register 0 (SRRO) ..c..oocvviiiiiiinicirie s 10-29
Save/Restore Register 1 (SRRT) ....cvcccvviiiiiiiniri e 10-30
Save/Restore Register 2 (SRR2) ....c..viceveiinnniriniresesies et eeseeseeseseeeesesesseese s smsesessenes 10-30
Save/Restore Register 3 (SRR3) ....ccccoiiireerrcrree et 10-31
Exception Vector Prefix Register (EVPRY) .....cccocoieiiiiiiiiiiiieeciecneseneecrsr s 10-31

Exception Syndrome Register (ESR) ......ccccooriii i 10-32
Data Exception Address Register (DEAR) .......... ... 10-34
Relationship of Timer Facilities to the Time Base .........ccccvecevenreneen. e 1141

Time Base LOWET (TBL) ...cooiriiiirieiiesitci e es sttt sae s sraesae s 11-2
Time Base Upper (TBU) ...ttt s s s 11-3
Programmable Interval TImer (PIT) ..cccccrerminiiie e 11-5
Watchdog Timer State Maching .......c.cooceeviiiniiiiiiiiice 11-7
Timer Status ReGiSter (TSR) .icvvcierrerinmreiee ittt e e s 11-8
Timer Control Register (TCR) ....ccreiirire e e 11-9
JTAG Connector Physical Layout (TOP VIEW) ......ccccvirvirirriiiiinniseeensesesnssins 12-2
JTAG ID Register (CPCO_JTAGID) ..o..cccceirreieicirmciiiieenisccins e sbssssbeseseas 12-4
RISCTrace Header (TOP VIBW) ..o ssssss o 12-5
Debug Control Register 0 (DBCRO) .......cccoiiiiiiiiiiiice et 12-9
Debug Control Register 1 (DBCR1) ... 12-11

Debug Status Register (DBSR) .........cocvvurvvvnenniieneenns .. 12-13
Instruction Address Compare Registers (IAGT1—IACA) ...t 12-14
Data Address Compare Registers (DACT—DAC2) ......ccceururimmriirereeerersereensmresenseeesessssasssessnn 12-15
Data Value Compare Registers (DVC1-DVC2) .......ccovrviriivieninniniinceenie st 12-15

Inclusive IAC Range Address COMPATES ...c..coeeureririeriereenrirecereresreesre et stssessesssanns 12-18

Exclusive IAC Range Address COMPArES .......ccccevirrrercirinrentnesisissssss s 12-18

Inclusive DAC Range Address COMPAIES .......cccccoeevemrreivirennennssssesesessissesassnsnnsns 12-20

Exclusive DAC Range Address COMPAreS .......ccccvermniiiiiiiniinensesssinne 12-20
CPM Registers (CPCO_ER, CPCO_FR, CPCO_SR) ......ccocvvivirnimminniiiininineniieesns 13-2
Decompression Index Table Origin Registers (DCPO_ITOR0-DCPO_ITORS3) ........ccoceeniininne 14-4
Decompression Address Decode Definition Registers (DCPO_ADDR0O-DCPO_ADDRY) ....... 14-5
Decompression Controller Configuration Register (DCPO_CFG) ....cccocoovvivinvimniniincnennennd o 14-6
Decompression Controller ID Register (DCPO_ID) ..o 14-6
Decompression Controller Version Register (DCPO_VER) ......ccccoovevvinicniiniceceieicicnine 14-7
Decompression Controller PLB Error Address Register (DCPO_PLBBEAR) ..........ccccoeinninennae 14-7
Decompression Controller Bus Error Address Register (DCPO_MEMBEAR) .......cc.cocevvininnne 14-7
Decompression Controller Error Status Register 0 (DCPO_ESR) .......ccceovivieniniicicciininns 14-8

XXX PPC405GP User’'s Manual Preliminary



Figure 15-1.
Figure 15-2.
Figure 15-3.
Figure 15-4.
Figure 15-5.
Figure 15-6.
Figure 15-7.
Figure 15-8.
Figure 15-9.

Figure 15-11.
Figure 15-12.
Figure 15-13.
Figure 15-14.
Figure 15-15.
Figure 15-16.
Figure 15-17.

Figure 16-1.
Figure 16-2.
Figure 16-3.
Figure 16-4.
Figure 16-5.
Figure 16-6.
Figure 16-7.
Figure 16-8.
Figure 16-9.

Figure 16-10.
Figure 16-11.
Figure 16-12.
Figure 16-13.
Figure 16-14.
Figure 16-15.
Figure 16-16.
Figure 16-17.
Figure 16-18.
Figure 16-19.
Figure 16-20.

Figure 17-1.
Figure 17-2.
Figure 17-3.
Figure 17-4.
Figure 17-5.
Figure 17-6.
Figure 17-7.
Figure 17-8.
Figure 17-9.

Figure 17-10.

SDRAM CONtroller SigNalS .....c.ecceecererirceeenestresie st s eseetrereesr e see st sreassmeeeshesessnsarsansaes 15-1

Memory Controller Configuration (SDRAMO_CFG) .....c.ccocevireeveniniininnenencscse s sesseesanenne 15-4
Memory Controller Status (SDRAMO_STATUS) ...cceoeieriiircrerseecinincseirisese e sseenens 15-5
Memory Bank 0-3 Configuration Registers (SDRAMO_BOCR-SDRAMO_B3CR)} ..... ...15-6
SDRAM Timing Register (SDRAMO_TR) .....ccccocminnnininininisninmenn. ...15-9
Activate, Four Word Read, Precharge, ACHVALE ........cccoceeeeeerrnnmrerermeneneseniiniesssesenenensnonens 15-11
Activate, Four Word Write, Precharge, ACtivate ........cccoceceeciiinircccnnniiccncccce e 15-11
Precharge All, ACHVALE ...ttt essa e 15-12
CAS Before BAS REfrESh .....cveeiiiiietcieerccinece et seses e e sre e sne s ssssee e eaen 15-12
Refresh Timing Register (SDRAMO_RTR) .....cccevtrereereerinierieceeenreneneeeneenesseeeneseraessenes e 15-14
ECC Configuration Register (SDRAMO_ECCCFG) .....cccervvereeneercrrceeiessiinnsiessssnsssssseienns 15-15
ECC Error Status Register (SDRAMO_ECCESR) ......coceeciririeieetninie st sieee 15-16
Bus Error Address Register (SDRAMO_BEARY) .......ccciiriieirinirienienieniieessssressseessseseneessenes 15-17
Bus Error Syndrome Register 0 (SDRAMO_BESROQ) ......cocviiiiireneninieeiieseeeeseeseesnesnee 15-17
Bus Error Status Register 1 (SDRAMO_BESRT) ....cccccevnniiininiinnesnesninns 15-19
Power Management Idle Timer (SDRAMO_PMIT) ....ccccvminininincnnenenn. 15-20
External Bus Controller Signals ..., ..16-2
Attachment of Devices of Various Widths to the Peripheral Data Bus ... ..16-4
Single Read Transfer ...... ...16-6
SiNGle Wt TTaNSIEY ..ot sttt e st e e e e s anen 16-7
Burst Read TranSTar ........ooveeeriieiee et e 16-9
BUISt WHItE TIANSTEE ...ttt sttt st e e 16-10
Device-Paced Single Read Transfer .........icciiierciiecceeiiinseeceessisneesseessisesessssessernssnssssnns 16-12
Device-Paced Single Write TranSfer ........ccoeeciieieerennenncennee s ccesssnnsnissssssssessesessinsesns 16-13
Device-Paced Burst Read Transfer .........ccccoiveiininninieninnnreecstiicsiseieessie s 16-14
Device-Paced Burst Write Transfer ..., 16-16
Sample External Bus Master System ..., 16-17
External Master Arbitration, Single Read and Single Write ..........cccovvmnevinenniieiiecinnnnn, 16-20
External Master Burst REAd .......ccooiieieeiiinieiiteeeteeetett ettt 16-21
External Master BUrst Wt ........ccuoiieerceeiitecrtcteee ettt s e 16-22
EBC Configuration Register (EBCO_CFG) .....cccecerreeeereerrereisreeeeseneece e seesceesnenneas 16-24
Peripheral Bank Configuration Registers (EBCO_BNCR) ......c.cccccornmiimeennneneenenereeereeene 16-25
Peripheral Bank Access Parameters (EBCO_BNAP) .....cccvveeeerrcrnnnrrrcersnscnninssssessnssssecesinns 16-26
Peripheral Bus Error Address Register (EBCO_BEAR) .....cccooirrccinieciiiminiiseceninns 16-30
Peripheral Bus Error Status Register 0 (EBCO_BESRO) ........ccccovvueniiinmninninnsenininneens 16-30
Peripheral Bus Error Status Register 1 (EBCO_BESR1) ........cccovevviinnens e 16-32
PCI Bridge BIOCK DIiagram ........cccceverenriseereeininnnesserinenssseesesanessessesssssesssressessesssssssossesesssonss e 17-2
PLB-to-PCl Half-Bridge Block DIagram ...........oeeiinininnimniniiiics s ssesnenns 17-4
PCl-to-PLB Half-Bridge Block DIagram ..........ccevvieererierienmeeeecreneiesiensessesesseseeseseesessessensenes 17-5
ATDIFAtION SIIUCIUIE ..ottt sttt eab e b s e st e b e s abassanae 17-5
PMM Register Sets Map PLB Address Space to PCl Address Space ........coveinivinscsiinnnns 17-8
PTM Register Sets Map PCI Address Space to PLB Address Space .........cccocevvevniinnevncnnninnes 17-9
PMM 0 Local Address Register (PCILO_PMMOLA) ........cccoevmniniininnns e 17-21
PMM 0 Mask/Attribute Register (PCILO_PMMOMA) ........... ... 17-22
PMM 0 PCI Low Address Register (PCILO_PMMOPCILA) .... ....17-23
PMM 0 High Address Register (PCILO_PMMOPCIHA) .......cccocovmninmnninniniinnens 17-23

Preliminary Figures XXxi



Figure 17-11.
Figure 17-12.
Figure 17-13.
Figure 17-14.
Figure 17-15.
Figure 17-16.
Figure 17-17.
Figure 17-18.
Figure 17-19.
Figure 17-20.
Figure 17-21.
Figure 17-22.
Figure 17-23.
Figure 17-24.
Figure 17-25.
Figure 17-26.
Figure 17-27.
Figure 17-28.
Figure 17-29.
Figure 17-30.
Figure 17-31.
Figure 17-32.
Figure 17-33.
Figure 17-34.
Figure 17-35.
Figure 17-36.
Figure 17-37.
Figure 17-38.
Figdre 17-39.
Figure 17-40.
Figure 17-41.
Figure 17-42.
Figure 17-43.
Figure 17-44.
Figure 17-45.
Figure 17-46.
Figure 17-47.
Figure 17-48.
Figure 17-49.
Figure 17-50.
Figure 17-51.
Figure 17-52.
Figure 17-53.
Figure 17-54.
Figure 17-55.
Figure 17-56.

PMM 1 Local Address Register (PCILO_PMMILA) ....ccocervrerrcrcriiinennicnnerceennsnnne s 17-23
PMM 1 Mask/Attribute Register (PCILO_PMMTMAY) ...c...oiveeciiiniineninieeeneeesesnesenene 17-24
PMM 1 PCI Low Address Register (PCILO_PMM1IPCILA) .....ccceoreriiiriinnininenreseseenieenee 17-24
PMM 0 High Address Register (PCILO_PMMOPCIHA) ......ccocoverrenneieciiereeecneeessereenne 17-25
PMM 2 Local Address Register (PCILO_PMM2LA) ........ccccorerinirreeienininecne e 17-25
PMM 2 Mask/Attribute Register (PCILO_PMM2MAY) ......cccccooveermrerirniereneneiesreseessseseennenee 17-26
PMM 2 Low Address Register (PCILO_PMM2PCILA) .....cccooririniiieniinie e 17-26
PMM 2 PCI High Address Register (PCILO_PMM2PCIHA) ......c.ccoovvinniiiiiiinerceninninenene 17-27
PTM 1 Memory Size/Attribute Register (PCILO_PTMIMS) ....cccccvnmiiinminiinicineeniinininine 17-27
PTM 2 Local Address Register (PCILO_PTMTLA) .....ccccconiininiiinnccencnnnsis s 17-28
PTM 2 Memory Size/Attribute Register (PCILO_PTM2MS) ......ccccevreiinmeiiinnninreniesiesnieenens 17-28
PTM 2 Local Address Register (PCILO_PTM2LA) .......cccoccnee. ettt s 17-29
PCI Configuration Address Register (PCICO_CFGADDR) .......c.ccovinceiemivcninesmninieensieienene 17-30
PCI Configuration Data Register (PCICO_CFGDATA) .......ccocoeirirrreniceneetineseeesncrnseennens 17-30
PCI Vendor ID Register (PCICO_VENDID) ......ccccoiirviriiieerercineie st saesse s seseens 17-31
PCI Device ID Register (PCICO_DEVID) ......ocooiiieeeireirecreecrernietesstsseeen s 17-31
PCI Command Register (PCICO_CMD) .......ooveeiiiieiiirrrercee e creeeceeeeneeseesecnmeenseesseesesssnens 17-32
PCI Status Register (PCICO_STATUS) ...cccccirireincerericersmisse st snesenesios 17-33
PCI Revision ID Register (PCICO_REVID) .....cccvvcerninmirininininininnesaimiesorn, 17-35
PCI Class Register (PCICO_PCICLS) ...cc.vvvererererieririeniessresssmssesnncenneseessssssstsssessesanessresness 17-35
PCI Cache Line Size Register (PCICO_CACHELS) .......ccccoremrmrriereeriiiniisisreressesessessenensens 17-36
PCI Latency Timer Register (PCICO_LATTIM) ..coviireveenmirrnictniencninnsnireccneresnsnassennes 17-36
PCI Header Type Register (PCICO_HDTYPE) ..ottt 17-37
PCI Built-in Self Test Control Register (PCICO_BIST) .....cceoeevrnireriniiiinieeesercceeens 17-37
PCI PTM 1 BAR Register (PCICO_PTMIBAR) ......c.cceeerrerireeetreerreeieissst e e 17-38
PCI PTM 2 BAR Register (PCICO_PTM2BAR) ........cccremvereiireniinicinnsetneeneseecsnsnenessne 17-39

PCI Subsystem Vendor ID Register (PCICO_SBSYSVID) ....ccccceviviniininiiiininenecniniiinens 17-39

PCI Subsystem ID Register (PCICO_SBSYSID) .......ccocceiirinininiiiiiienneecccen 17-40
PCI Capabilities Pointer (PCICO_CAPY ....covevieeiecitiiite e ce e es s seesnestessesesnesnenee 17-40
PCI Interrupt Line Register (PCICO_INTLN) ....cocoiiiiiiiiiiennicinresreeeniesseesisesnessaesssnessesnsens 17-40
PCI Interrupt Pin Register (PCICO_INTPN) ....cccvviririnereeineneinniressessses st sesessennes 17-41
PCI Minimum Grant Register (PCICO_MINGNT) ......cccorvverruimmnininieniiic e esseesenes 17-41
PCI Maximum Latency Register (PCICO_MAXLTNCY) ....ccccviirinimininicncnieceniincsnenees 17-41
PCI Interrupt Control/Status REGISIEr .....c.ccirmrcrceiiniire e 17-42
Error Enable Register (PCICO_ERREN) .......cooviiiiiece e ccieestecne e ae e ennee e 17-42
Error Status Register (PCICO_ERRSTS) .....ocociiiiiiiieeieee e cerersecieresssete e e e sreseeansens 17-43
Bridge Options 1 Register (PCICO_BRDGOPTT) .....cociiiicieircreeiennene s censeeesesreeseses 17-44
PLB Slave Error Syndrome Register 0 (PCICO_PLBBESRO) .......coccreveienmniininiiiniinnenne 17-46
PLB Slave Error Syndrome 1 (PCICO_PLBBESR1) ............. . 17-47
PLB Slave Error Address Register (PCICO_PLBBEAR) 17-49
Capability Identifier (PCICO_CAPID) ...... . 17-49
Next ltem Pointer (PCICO_NEXTIPTRY) ...cccceriiiriiiiiiienieneesieie e seeeeeesiessesssessnsessenne 17-49
Power Management Capabilities Register (PCICO_PMC) ......c.cccveerererrenreesceserrereseeennns 17-50
Power Management Control/Status Register (PCICO_PMCSR) ........ccccovevniininrenncrennnenes 17-51
PMCSR PCI to PCI Bridge Support Extensions (PCICO_PMCSRBSE) .......cccccconerenenene. 17-51
PCI Data (PCICO_DATA) ..ottt b st s b s s n s ren e 17-52

xxxii PPC405GP User’s Manual Preliminary



Figure 17-57.
Figure 17-58.
Figure 17-60.
Figure 17-61.
Figure 17-62.
Figure 17-63.
Figure 17-64.
Figure 17-65.
Figure 17-66.
Figure 17-67.
Figure 17-68.
Figure 17-69.
Figure 17-70.
Figure 17-71.
Figure 17-72.
Figure 17-73.
Figure 18-1.
Figure 18-2.
Figure 18-3.
Figure 18-4.
Figure 18-5.
Figure 18-6.
Figure 18-7.
Figure 18-8.
Figure 18-9.
Figure 18-10.
Figure 18-11.
Figure 18-12.
Figure 19-1.
Figure 19-2.
Figure 19-3.
Figure 19-4,
Figure 19-5.
Figure 19-6.
Figure 19-7.
Figure 19-8.
Figure 19-9.
Figure 19-10.
Figure 19-11.
Figure 19-12.
Figure 19-13.
Figure 19-14.
Figure 19-15.
Figure 19-16.
Figure 19-17.
Figure 19-18.

Bridge Options 2 Register (PCICO_BRDGOPT2) ....c.ccoueerruiniieneneresionerasiessseseessessessensesnes 17-52

Power Management State Change Request Register (PCICO_PMSCRR) ......ccc.cceccreruennene 17-54
PCI Master Burst Read From SDRAM .....c..ccvvriererrieininieeee e see s sessesne e s s snans 17-68
PCI Master Burst Write TO SDRAM ......occciririineertreeesetsinienesseseesnessacssissesasessessssesssssnsnsns 17-72
CPU Read From PCI Memory Slave, Nonprefetching .......cccccevcvcvninennncesieseessesseecenenen 17-76
CPU Read From PCI Memory Slave, PrefetChing .........ccoceveerercnnsiicinineinseseseseenneenns 17-78
CPU Write TO PClI MEMOIY SIAVE .....covieiiiisiiircieeiereiseestsarnsesssessteesssanesseseesssessessnnes 17-82
PCI Memory To SDRAM DMA Transfer ... vrciiniicimnceestsiesenenenseresesiosessessesenses 17-86
SDRAM To PCI Memory DMA TTaNSEN ......covviivreeneienriirininrisnnesseseseseesenmaessssesssseessessesenes 17-88
PCI Master Burst Read From SDRAM .....ccccoviirnieneeiiiisetseeesesessnessesesesissesssssenenes 17-92
PCI Master Burst Write TO SDRAM ......ccoiririiriiiriieet e e receeessstssessesssssessessesnens 17-100
CPU Read From PCl Memory Slave, Nonprefetching .......ccvvveeeneernnennienensenneresseesenanes 17-106
CPU Read From PCI Memory Slave, Prefetching .........ccoccveieeeienenere i eeeeesencnens 17-108
CPU Write To PCI Memory Slave ........cccvvveverneennen. PRSP SO PPORYROOPRUN 17-112
PCl Memory To SDRAM DMA Transfer .......cccevieeecenmesenineseescerennerinesesseseeneeesssesenaens 17-116
SDRAM To PCI Memory DMA Transfer ......c.ciicineirieseeteseese st eeis e sinesvesssesseeenns 17-120
DMA Controller External Bus Control Signals ... 18-2
DMA Polarity Configuration Register (DMAO_POL) .......ccocimirreniierceneenicinninenesve s seeeseasaennns 18-5
DMA Sleep Mode Register (DMAD_SLP) ......ccocciiiniiiiireciniieierinirisseseiseesiesesisessesessssnesnnnns 18-7
DMA Status Register (DMAO_SR) ......cccovureeeeeriereteeeiesieseeietessesssesessssssssesessssesessssssssssssessassennas 18-7
DMA Channel Control Registers (DMAO_CR0-DMAO_CR3) .. ....18-8
DMA Source Address Registers (DMAO_SA0O-DMAO_SAS3) ....... .18-11
DMA Destination Address Registers (DMAO_DAO-DMAO_DAS) .....ccccceeveniirrecrerennieeseeesiaennes 18-11
DMA Count Registers (DMAO_CTO-DMAO_CT3) ...ccceeceeriiriiiriecrisiesisie e sssassnesvessseennas 18-12
DMA Scatter/Gather Descriptor Address Registers (DMAO_SGO0-DMAO_SG3) .......ccccvrueenen 18-12
DMA Scatter/Gather Command Register (DMAO_SGC) .....ccoovreeriniiiciniecenmerneeemeissienennes 18-13
Peripheral-to-Memory DMA Transfer .....ccuveveeccniniineniciisisinesenessesssessesienenees 18-18
Memory to Peripheral DMA TIANSTEE ......cccceuecrereeectrersiessisrenraraesessesesssssssssessessssesessssssssensenns 18-19
EMAC in a Typical Ethernet ApPICALION .....c.cooveieeiereererririceicerenesrreeesee e resrensesessae e ssessennnas 19-2
INtErNAl EMAC SHUCIUIE ....ccovieiieiicreeieecct et esee sttt e re e e see st e e s e sass s saeenesransensens 19-3
EMAC LOOP-BACK MOAES ....coviriiiuirieieireii ettt s et ene e e s s sresinsneen 19-5
MAL TX Descriptor Control/Status Field .........coceevviniirnnniini ettt eeesaeeas 19-7
Transmit Packet Structure (Excluding VLAN Tagged and Control Packets) .......c.c.ccoocveeeneen. 19-10
MAL RX Descriptor Control/Status Field ............ccocvcrnvniiiniincnnnninne. w1912
Wake-Up Packet FOrMat ...t iesee s sss st st 19-14
Control Packet FOMMAL .......ccoeiririiirrciineni et er sttt saestnraan s 19-16
Integrated Flow Control MEChaNISIM .......cccceivieririineeinnrirneecneessereeeresesrsnessessesesssessessensenes 19-17
Pause Operation State Maching ..........ccooeiiiiiernneirie e 19-18
Tagged MAC Packet FOrMAL .......cuvecevircreneiee et eesae et ee s s ssasneseesesasessanens 19-19
Tag Control Information Field StruCture .............cccoviiiiniiinieee et 19-19
Receive Address Recognition Flowchart ............coooiieiiiinccere e e 19-22
Ethernet Address Filter Operation ...........oocccooiiiiieceecceecte et saeeesae e 19-23
Mode Register 0 (EMACO_MRO) ......ccocoermiiiiitiiiiicee it 19-25
Mode Register 1 (EMACO_MBT) .....ooieririeinisersceeeseeesaece e e siestesssse e sre e nesassssnnens 19-26
Transmit Mode Register 0 (EMACO_TMRO) ....ccceverereciniisiennereneeesrssisseeeeeessceissessieennes 19-27
Transmit Mode Register 1 (EMACO_TMRT) ..o.oviircniiiiniieees et stenenes 19-28

Preliminary Figures xxxiii



Figure 19-19.
Figure 19-20.
Figure 19-21.
Figure 19-22.
Figure 19-23.
Figure 19-24.
Figure 19-25.
Figure 19-26.
Figure 19-27.
Figure 19-28.
Figure 19-29.
Figure 19-30.
Figure 19-31.
Figure 19-32.
Figure 19-33.
Figure 19-34.
Figure 19-35.
Figure 19-36.
Figure 19-37.
Figure 19-38.

Figure 20-1.
Figure 20-2.
Figure 20-3.
Figure 20-4.
Figure 20-5.
Figure 20-6.
Figure 20-7.
Figure 20-8.
Figure 20-9.

Figure 20-10.
Figure 20-11.
Figure 20-12.
Figure 20-13.
Figure 20-14.
Figure 20-15.
Figure 20-16.
Figure 20-17.
Figure 20-18.
Figure 20-19.
Figure 20-20.
Figure 20-21.
Figure 20-22.
Figure 20-23.

Figure 21-1.
Figure 21-2.
Figure 21-3.

Receive Mode Register (EMACO_RMRY) ......cociiiieriiiiiiiiineeeeeriese e s 19-29

Interrupt Status Register (EMACO_ISR) ......cooieeeircrrreerrenescseesree st e eeas 19-31
Interrupt Status Register (EMACO_ISER) ......ccccovvirmeciiricrrreecsiensee e sesiesessssreess i 19-33
Individual Address High Register (EMACO_IAHRY) .......cccevvvrrvimminenmereenesesrenssessessessssanaes 19-35
Individual Address Low Register (EMACO_IALR) ......ccccocvvmnnnerinmsiinenineiseniniieisiseseansanans 19-36
VLAN TPID Register (EMACO_VTPID) ...c.cocvirireeriisiiec et nresasrseesessssessorssssssessessensons 19-36
VLAN TCI Register (EMACO_VTCI) ....ccovveerirriiriisisiineiinsssestsrceneresenessesessersssesssssessensns 19-37
Pause Timer Register (EMACO_PTRY) .....cccccocivmmniniinineiecinissinesesesssenens ... 19-37
Individual Address Hash Tables 1-4 (EMACO_IAHT1-EMACO_IAHT4) ......ccccovuenee .. 19-37

Group Address Hash Tables 1-4 (EMACO_GAHT1-EMACO_GAHT4) ....

Last Source Address High Register (EMACO_LSAH) ....cccooivieceeriircriniiecsiinreeese s irresereneenen 19-38
Last Source Address Low Register (EMACO_LSAL) ....ccooiiiiiniiinieninnitceenteceeessse e seenens 19-38
inter-Packet Gap Value Register (EMACO_IPGVR) ...coocvveiirrcirciereeccieineenee s s ssescenans 19-39
STA Control Register (EMACO_STACR) .....ccccvrirminminiinriiinneecsesesssisesssassessessesssnesssens 19-39
Transmit Request Threshold Register (EMACO_TRTR) ....cccooeerrererirmnnnermmesssssrennineenns 19-41
Receive Low/High Water Mark Register (EMACO_RWMR) ........cccooeevnmiinimnnnncninneninns 19-42
Number of Octets Transmitted (EMACO_OCTX) ..covevrininiinicnininiinissnnncesesnenesnissnes 19-42
Number of Octets Received (EMACO_OCRX) ......ccceriiiiciinencrinnnenevenrisseresesseeseesnsnenanes 19-42
Management Interface With PHY ..ottt 19-43
EMAC-MAL Communication PRASeS .......cc.ccccerrierieeeirieeninin e eneses s snnenns 19-44
General PPC405GP Structure (Overview) . SRR 20-2
MAL INErNal STUCIUIE .....eeieiieiieie et sttt st ere s sresan e 20-3
Transmit OPEration ........cccvcriicirreeeeeerree e reeere e s st e st e s bee st e snesaeesseesreesenonsnassanessnensnen 20-5
ReCeive OPeration ... e 20-6
Buffer Descriptor StrUCIUIE ....c.cciiviiiiicri e 20-8
Packet MEMOry SHUCIUIE .....ccviiviriiiiiiiiciii e 20-9
TX Status/Control Field ... e s 20-15
RX Status/Control FIeld .......c.couiiieieiiicreciiiinicsies ettt esene s st e sne e es 20-16
Error Status Register Field ........cccoeieeeree ettt st 20-21
MAL Error ProCeSSING ....cvrieiiiiiiiiiiiicti it s sttt st s snns 20-23
MAL Configuration Register (MALO_CFG) .........ccecivimimrcrmineenrienrceeene e srisssesssnins 20-25
TX Channel_Active Set Register (MALO_TXCASR) .....ccccoveniiniirmniniereneceesisnssesiennens 20-27
TX Channel_Active Reset Register (MALO_TXCARR) .....c.cccciivieriieiiiniieiieniesiereesieeeesensenns 20-27
RX Channel_Active Set Register (MALO_RXCASR) .... .. 20-27
RX Channel_Active Reset Register (MALO_RXCARR) ............. ... 20-28
TX End of Buffer Interrupt Status Register (MALO_TXEOBISR) ... ... 20-28
RX End of Buffer Interrupt Status Register (MALO_RXEOBISRY) .......ccccocermmrmrrvricciinnane 20-29
MAL Error Status Register (MALO_ESRY) .......cccvoeerririreeenceinenreeeceeeceieeeene e eessessnene 20-30
MAL Interrupt Enable Register (MALO_IER) ......cccccvereererieiinireseeecrereseeeseee e 20-31
TX Descriptor Error Interrupt Register (MALO_TXDEIR) .......ccooeviinnneninirsiereccresie s 20-32
RX Descriptor Error Interrupt Register (MALO_RXDEIR) .....ccccvveivininineicereccecnineeens 20-32
TX Channel Table Pointer x Register (MALO_TXCTPXR) .......cceceriiiiierieriienenesenensesneneenne 20-33
RX Channel Table Pointer x Register (MALO_RXCTPXR) ....c.cccoveniiiervnenrcniniisnncsnennens 20-33
UART Receiver Buffer Registers (UARTX_RBR) ......c..ccconmmiminiiisscenesnnns 21-5
UART Transmitter Holding Registers (UARTX_THR) .....cccoocvrrvrmnmvnnnnsnninnnsnsiciene, 21-5
UART Interrupt Enable Registers (UARTX_IER) .......ccooviimiimimiiiccniennneneessinsneinnsneans 21-5

XXXiv PPC405GP User’'s Manual Preliminary



Figure 21-4.
Figure 21-5.
Figure 21-6.
Figure 21-7.
Figure 21-8.
Figure 21-9.

Figure 21-10.
Figure 21-11.
Figure 21-12.
Figure 21-13.

Figure 22-1.
Figure 22-2.
Figure 22-3.
Figure 22-4.
Figure 22-5.
Figure 22-6.
Figure 22-7.
Figure 22-8.
Figure 22-9.

Figure 22-10.
Figure 22-11.
Figure 22-12.
Figure 22-13.
Figure 22-14.
Figure 22-15.
Figure 22-16.
Figure 22-17.
Figure 22-18.

Figure 23-1.
Figure 23-2.
Figure 23-3.
Figure 25-1.
Figure 25-2.
Figure 25-3.
Figure 25-4.
Figure 25-5.
Figure 25-6.
Figure 25-7.
Figure 25-8.
Figure 25-9.

Figure 25-10.
Figure 25-11.
Figure 25-12.
Figure 25-13.
Figure 25-14.
Figure 25-15.

UART Interrupt Identification Registers (UARTX_IIR) ...ccevveecceninnenccccnnirecene e seesaenennan 21-7

UART FIFO Control Registers (UARTX_FCR) ......ccoetrrereeacrerinnnecresiesreiesnsesesessesassesessesesans 21-8
UART Line Control Registers (UARTX_LCRY) .....cccoiirrmreerrieireiineeere et eesesn e enens 21-9
UART Modem Control Registers (UARTX_MCR) .....cocoiiiiiiiineriecniiriirnencre s sseescsessesesssnenees 21-10
UART Line Status Registers (UARTX_LSRY) ...cccererimrirrernmicsiniieserercesierineeciessssinssnsneseesose 21-11
UART Modem Status Registers (UARTX_MSR) ......coovrrriiinnnnscnsienniieninennnnsieeseens 21-13
Scratchpad Registers (UARTX_SCR) .....ccceveinimminmieinisiieecsensesnssissssssessenenssssssssosss 21-14
UART Baud-Rate Divisor Latch (MSB) Registers (UARTX_DLM) .......cccorrrnencerccnnnnnnennnnees 21-14
UART Baud-Rate Divisor Latch (LSB) Registers (UARTX_DLL) ...ccccevrrnreneccennncrinnniencnennen 21-14
Chip Control Register 0 (CPCO_CRO) .....cccecevvervrerrrcneererneeenreneens ...21-17
7-Bit ADAressing ..eceeviiiniinnreeeeiereiee et e e — 22-2
TO-Bit AQUIESSING ..eveiutiiririeietesie ettt s e s saa s e e e st s eatesa et e ne s aanasesresaeesans 22-2
1ICO Master Data Buffer (IICO_MDBUF) ......cccocceeierienerenienseseesinesessessrenesesssnssessnsssossssensans
FIFO Stages .....cccovvevercmneniinnesicincnennnnes
1ICO Slave Data Buffer (11CO_SDBUF)
IICO Low Master Address Register (IICO_LMADR) .......cccccveriniminnenesciiinerenssisssstssensseessecssenes 22-5
IICO High Master Address Register (ICO_HMADRY) .........ccconiiineiiineneiniineesesecsisene 22-6
IICO Control Register (IHCO_CNTL) ..oovviiveiririiiscmienieenssssessisesssnssssssssesessssesssssssssnsnens 22-7
1ICO Mode Control Register (IHCO_MDOCNTL) ..o sireeiseseseesesssansisssensesnns 22-9
1ICO Status Register (ICO_STS) ....cccocerirecirererreeeseneresreeer e seeses e saesressesesaeennes 22-10
1ICO Extended Status Register (ICO_EXTSTS) ...cccccevurverermrinrineecrinenenesesesessesaeessasesees 22-12
1ICO Low Slave Address Register (IICO_LSADRY) .......cccoevrrmtiienieniineeiiecereneestsseeeesesreneese 22-14
1ICO High Slave Address Register (IICO_HSADR) .. ..22-15
1ICO Clock Divide Register (IICO_CLKDIV) .............. .22-15
1ICO Interrupt Mask Register (ICO_INTRMSK) .... ..22-16
1ICO Transfer Count Register (IICO_XFRCNT) ....cccceiceimsrniiiicnineniiiinenessesesnssinns 22-17
1ICO Extended Control and Slave Status Register (IICO_XTCNTLSS) .......cccoevrvevcniennvereenns 22-18
1ICO Direct Control Register (IICO_DIRECTONTL) ....cccererirccrnrireriscetsenessssecssenansesassonecns 22-21
GPIO Functional BIOCK DIaQram ..........ceeeeceererererieniemerieressesseseesessessescssesiesssessessessassessesseneenes 23-2
CPCO_CRO Bits COntrolling GPIO .......ccccrirrimrenreienriises et ssresrressesessssessassssnsesessesses 23-3
GPIO REGISIEIS ...rviriireeeiriisirectete et esve st e e sne st e s nsnseennens perrrree ettt 23-5
Core Configuration Register 0 (CCRO) .......ccveerirereeieniiniretrresismeeeesrestsse s et et seeseseseon 25-15
Chip Control Register 0 (CPCO_CRO) ......covireiiiiiiiiinneneersreeeeeesesseeersneasensseessessnsessseneanes 25-17
Chip Control Register 1 (CPCO_CRT) ..cvvieviviiiininiiniiiniiesessiisstssesnsissssesssseeessssssnsnes 25-20
CPM Enable Register (CPCO_ER) ......c.cocoiimnirenrrriiennrssesctienesesesie e sensseststsssisessesesesess 25-21
CPM Force Register (CPCO_FR) ...... 25-22
JTAG ID Register (CPCO_JTAGID) ... ...25-23
PLL Mode Register (CPCO_PLLMR)} ........ ..25-24
Chip Pin Strapping Register (CPCO_PSR) ... 25-26
CPM Status Register (CPCO_SR) ............ ..25-28
Condition Register (CR) ......coviiiniireniiirc sttt s en 25-29
Count REGIStEr (CTR) ...cccecvereererrirririnisiseiesreerisrse s e sesne s s ssess e s e s et e e e e sresasnssseesesanasassessrse 25-30
Data Address Compare Registers (DACT=DAC2) .......cccvmiriinmmnninieesninisenesessnen. 25-31
Debug Control Register 0 (DBCRO) ......c.cccovminirimiisieiimmssiiieinissesesiniesessssssssmsessens 25-32
Debug Control Register 1 (DBCRT) ....cccocvcrreeecrinniseirinesinniisisnensesiniissessecssssssssssssaerssesssess 25-34
Debug Status Register (DBSRY) .....cccciirerircirerenrsesercrisanassssenssseressssesssesssssesesessssesssssssssaseses 25-36

Preliminary Figures XXXV



Figure 25-16.
Figure 25-17.
Figure 25-18.
Figure 25-19.
Figure 25-20.
Figure 25-21.
Figure 25-22.
Figure 25-23.
Figure 25-24.
Figure 25-25.
Figure 25-26.
Figure 25-27.
Figure 25-28.
Figure 25-29.
Figure 25-30.
Figure 25-31.
Figure 25-32.
Figure 25-33.
Figure 25-34.
Figure 25-35.
Figure 25-36.
Figure 25-37.
Figure 25-38.
Figure 25-39.
Figure 25-40.
Figure 25-41.
Figure 25-42.
Figure 25-43.
Figure 25-44.
Figure 25-45.
Figure 25-46.
Figure 25-47.
Figure 25-48.
Figure 25-49.
Figure 25-50.
Figure 25-51.
Figure 25-52.
Figure 25-53.
Figure 25-54.
Figure 25-55.
Figure 25-56.
Figure 25-57.
Figure 25-58.
Figure 25-59.
Figure 25-60.
Figure 25-61.

Data Cache Cachability Register (DCCR) ...c..ccoovviviiniimiiimessecssienesenmmnesesssssssisssnenns 25-38
Decompression Address Decode Definition Registers (DCPO_ADDRO-DCPO_ADDRY1) ... 25-40
Decompression Controller Configuration Register (DCPO_CFG) ..... e 25-41
Decompression Controller Error Status Register 0 (DCPO_ESR) .......cccovvrevrinerinsinierienenenns 25-44
Decompression Controller ID Register (DCPO_ID) ..o 25-46
Decompression Index Table Origin Registers (DCPO_ITOR0-DCPO_ITOR3) ........ccoevviinne 25-47
Decompression Controller Bus Error Address Register (DCPO_MEMBEAR) ..........ccccvienne 25-48
Decompression Controller PLB Error Address Register (DCPO_PLBBEAR) .......ccccvvenienenne 25-49
Decompression Controller Version Register (DCPO_VER) .......c.ccoviviininmimnnncnmiienne. 25-51
Data Cache Write-through Register (DCWRY) .....ccccoevniiiininnniiiniiisns e, 25-52
Data Exception Address Register (DEARY) ... viviiinionnnienssnssnsesesssnssessnssnns 25-54
DMA Channel Control Registers (DMAO_CRO-DMAO_CR3) .....ccoovcvrievrrvervrssesseminencresnsenns 25-55
DMA Count Registers (DMAO_CTO-DMAO_CT3) ....ccrercerunean Seesersesse e as s snee 25-58
DMA Destination Address Registers (DMAO_DAO-DMAO_DAS) ....cccccerveererersenrinesieeinenens 25-59
DMA Polarity Configuration Register (DMAO_POL) .....coeereriveviiinnicinescrnninissesisiennens 25-60
DMA Source Address Registers (DMAO_SAO-DMAO_SA3) ......c.ccoorvivirrernnerens ... 25-62
DMA Scatter/Gather Descriptor Address Registers (DMAO_SGO—DMAO_SGS) ................. 25-63
DMA Scatter/Gather Command Register (DMAO_SGC) ......ccceceeeeerirerenrinrecrennercrrecesienennens 25-64
DMA Sleep Mode Register (DMAO_SLP) ...cccoiimiviimmiiiiiessiseninsseesiionn 25-65
DMA Status Register (DMAO_SRY) ...cccoriirennniiiiie s 25-66
Data Value Compare Registers (DVC1-DVC2) .......c.ccoumerririvnmnnninnncnimniennsisen: 25-67
Peripheral Bus Error Address Register (EBCO_BEAR) .......cccoecerinriccnnurcenrmmnnnenenanisinmiine. 25-68
Peripheral Bus Error Status Register 0 (EBCO_BESRO) .......ccccectricvvericenrerinnneneniniinininnns 25-69
Peripheral Bus Error Status Register 1 (EBCO_BESRT) ......ccocveierrncienenineiccsenenreene 25-71
Peripheral Bank Access Parameters (EBCO_BNAP) ........cccovvivircnnnnenvineenteneneneseeene 25-73
Peripheral Bank Configuration Registers (EBCO_BNCRY) .........c.uevueerrereereereenseesssessessenneens 25-75
EBC Configuration Register (EBCO_CFG) ..........ccvvenenee. 25-76
Group Address Hash Tables 1-4 (EMACO_GAHT1-EMACO_GAHT4) ... 25-80
Individual Address High Register (EMACO_IAHR) .... . ... 25-81
STA Control Register (EMACO_STACR) ......ccoverirmicnnrenrenensnnnes ... 25-82
Transmit Mode Register 0 (EMACO_TMRO) ........coveerireerererenrenens ... 25-83
Transmit Mode Register 1 (EMACO_TMRT) ...eoceeiiriiiininninreniensitnieisissecerenesensessessssesmainnes 25-84
Transmit Request Threshold Register (EMACO_TRTRY) ....ccccormmernnenenercnmmmsnsnenennnonenn, 25-85
VLAN TCI Register (EMACO_VTCI) ..ccceeririrrcerreerrrrceresreseressnereesseeesseessssasessesssesssnsssenssnes 25-86
VLAN TPID Register (EMACO_VTPID) .....cccoeremiiirercecrereisenssseseseneeeesesesessssssessasseseees 25-87
Exception Syndrome Register (ESR) ........cccvevvriiiiinniisest s 25-88
Exception Vector Prefix Register (EVPR) .....cocoeiiiiiiirreeeccici e 25-89
GPIO Input Register (GPIOO_IR) .....ooceeeiiireece i ste e ereseeesias e e e s s e sasssenessssessnensans 25-90
GPIO Open Drain Register (GPIO0_ODR) ......c.ccoeriiiiinininieessecsienininnesessssssssssessssssens 25-91
GPIO Output Register (GPIO0_OR) ......ccccvurieininmisnirenisiieninsisisisissesesmsesessmessesesee 25-92
GPIO Three-State Register (GPIO0_TCR) ......ccocvnienininniniiisiiss e ssssssssssieeses 25-93
General Purpose Registers (R0-R31) ..i.ccciveriineioniirnnenisinsressisissssesseanssssssesssesssnaseenes 25-94
Instruction Address Compare Registers (IAC1—IAC4) .........ccooviiiiniceciiicseeicis 25-95
Instruction Cache Cachability Register (ICCR) ........ccovcererireiniirecerrenereenrinenee e 25-96
Instruction Cache Debug Data Register (ICDBDR) ........cccoieeervreccrinrenereninneesneneeeeesnnsnens 25-98
1ICO Clock Divide Register (IICO_CLKDIV) ....ccooeerrirrrrenrennenenecreneens reeee e ... 25-99

XXXVi PPC405GP User's Manual Preliminary



Figure 25-62.
Figure 25-63.
Figure 25-64.
Figure 25-85.
Figure 25-66.
Figure 25-67.
Figure 25-68.
Figure 25-69.
Figure 25-70.
Figure 25-71.
Figure 25-72.
Figure 25-73.
Figure 25-74.
Figure 25-75.
Figure 25-76.
Figure 25-77.
Figure 25-78.
Figure 25-79.
Figure 25-80.
Figure 25-81.
Figure 25-82.
Figure 25-83.
Figure 25-84.
Figure 25-85.
Figure 25-86.
Figure 25-87.
Figure 25-88.
Figure 25-89.
Figure 25-90.
Figure 25-91.
Figure 25-92.
Figure 25-93.
Figure 25-94.
Figure 25-95.
Figure 25-96.
Figure 25-97.
Figure 25-98.
Figure 25-99.

Figure 25-100.
Figure 25-101.
Figure 25-102.
Figure 25-103.
Figure 25-104.
Figure 25-105.
Figure 25-106.
Figure 25-107.

11CO Control Register (IICO_CNTL) .....cconiniriiniiiniiiniiscssssssssessssssssses 25-100

1ICO Direct Control Register (IICO_DIRECTCNTL) ......ccoconmmmerncssiinieiiensiisssnissesnnns 25-101
1ICO Extended Status Register (ICO_EXTSTS) ....ccovnviinmnnmniinimen. 25-102
11ICO High Master Address Register (HICO_HMADR) ....c..covciinnniinimie e 25-104
1ICO High Slave Address Register (HCO_HSADRY) ........cccceivrimrierincenirrecnnnsessesesarsesaees 25-105
I1CO Interrupt Mask Register (ICO_INTRMSK) ......ccocevivviiienninnrnressiissnee i 25-106
11CO Low Master Address Register (IICO_LMADR) .......ccccoieminmrrreeennsinissenenrenmenesessessienens 25-107
1ICO Low Slave Address Register (IICO_LSADRY) ........coovvvervciininininiincsnsseieee 25-108
[1ICO Master Data Buffer (ICO_LMDBUF) .....cccociiiiriiinieniiiiniinieiisiesisossssenssssssssssssessannes 25-109
11IC0 Mode Control Register (IICO_MDCNTL) .....cccvcvriirinmereienesiesesesressssssieseessessessrerssaens 25-110
1ICO Slave Data Buffer (IICO_SDBUF) ......ccocvcmmininimiisiiinasnsssnssse 25-111
1ICO Status Register (IICO_STS) ......cccevrimimiinisisiiersieise e esenesess 25-112
11CO Transfer Count Register (ICO_XFRCONT) ...cccceviiniiininiienicssisinssecenesesnesinsesnnns 25-113
11ICO Extended Control and Slave Status Register (IICO_XTCNTLSS) .....cccoovvrerivrrerccrenees 25-114
Link REIStEr (LR ..cceireerrrereecnerersrenssiursreneeersn s et ae e [T 25-116
MAL Configuration Register (MALO_ CFG) ......................................................................... 25-117
MAL Error Status Register (MALO_ESRY) ....ccoccovreeriiiitiieeinii e 25-119
MAL Interrupt Enable Register (MALO_IER) ......cccccoiiiiiiiinennrniiscececcennisessisneene 25-121
RX Channel Buffer Size Register 0 (MALO_RCBSO0) .......ccccccimninneninnnnininesinesesssesinennes 25-122
RX Channel_Active Reset Register (MALO_RXCARR) .....c.coovrviiniiiinnnccsnien, 25-123

RX Channel_Active Set Register (MALO_RXCASR) .......cccouviiniiiininincnceneinnens 25-124
RX Channel Table Pointer x Register (MALO_RXCTPXR) .....ccccoivimrimieninnnvecronennnniinnens 25-125
RX Descriptor Error Interrupt Register (MALO_RXDEIR) ............... ettt nanes 25-126
RX End of Buffer Interrupt Status Register (MALO_RXEOBISR) ...
TX Channel_Active Reset Register (MALO_TXCARR) ....
TX Channel_Active Set Register (MALO_TXCASR) ............. ....25-129
TX Channel Table Pointer x Register (MALO_TXCTPxR) ....
TX Descriptor Error Interrupt Register (MALO_TXDEIR) ............. ....25-131
TX End of Buffer Interrupt Status Register (MALO TXEOBISR) ..

Machine State Register (MSR) .......ccccoiirienniiiviecrninreeseennneeseeeresaens ....25-133
OCM Data-Side Address Range Compare Register (OCMO0_DSARC) ..... ....25-135
OCM Data-Side Control Register (OCMO_DSCNTL) .....c.coevvriririerenreniesnns ....25-136

OCM |nstruction-Side Address Range Compare Register (OCMO_ISARC) ....
OCM Instruction-Side Control Register (OCMO_ISCNTL) ....c.coeevrerericrcrcvnnns ....25-138
OPB Arbiter Control Register (OPBAO_CRY) ......cccceevcreeeiunns ....25-139
OPB Arbiter Priority Register (OPBAO_PR) ....
PCIl Base Address Register (PCICO_BARO) ...

PCI Built-in Self Test Control Register (PCICO_BIST) .. ... 25-142
Bridge Options 1 Register (PCICO_BRDGOPT) ..o isessessesssssesssssssssesssssnes 25-143
Bridge Options 2 Register (PCICO_BRDGOPT2) .....cccovermimininrninsissiicsienssnsissinsessienns 25-144
PCI Cache Line Size Register (PCICO_CACHELS) .....ccoevuvimvcerreriniiimecnsistinnesninenns 25-145
PCI Capabilities Pointer (PCICO_CAP) ....cccoererrrniiccsirenene ot sessnssesseseess 25-146
Capability Identifier (PCICO_CAPID) .....cccovviirrireciiniiiiseniiesiesses s sseese s 25-147
PCI Configuration Address Register (PCICO_CFGADDR) ......cccooevenicienneseerinvscnsineees 25-148
PCI Configuration Data Register (PCICO_CFGDATA) ....ccvvvveerninreniriiereeeseeseceeresnonnes 25-149
PCI Class Register (PCICO_PCICLS) ......cccocuerrrererenimsicinereeeeeesrestssiseses e sssssesiesssens 25-150

Preliminary Figures xxxvii



Figure 25-108.
Figure 25-109.
Figure 25-110.
Figure 25-111.
Figure 25-112.
Figure 25-113.
Figure 25-114.
Figure 25-115.
Figure 25-116.
Figure 25-117.
Figure 25-118.
Figure 25-119.
Figure 25-120.
Figure 25-121.
Figure 25-122.
Figure 25-123.
Figure 25-124.
Figure 25-125.
Figure 25-126.
Figure 25-127.
Figure 25-128.
Figure 25-129.
Figure 25-130.
Figure 25-131.
Figure 25-132.
Figure 25-133.
Figure 25-134.
Figure 25-135.
Figure 25-136.
Figure 25-137.
Figure 25-138.
Figure 25-139.
Figure 25-140.
Figure 25-141.
Figure 25-142.
Figure 25-143.
Figure 25-144.
Figure 25-145.
Figure 25-146.
Figure 25-147.
Figure 25-148.
Figure 25-149.
Figure 25-150.
Figure 25-151.
Figure 25-152.
Figure 25-153.

xxxviii

PPC405GP User’'s Manual

PCI Command Register (PCICO_CMD)
PCI Data (PCICO_DATA) ...cccverrererreereeerenenens
PCI Device ID Register (PCICO_DEVID)
Error Enable Register (PCICO_ERREN)

Error Status Register (PCICO_ERRSTS) ....overiiiiiiirinceecee et eesnenas 25-156
PCl Header Type Register (PCICO_HDTYPE) .....cccocoeeinininiiiviiinnnene e 25-157
PCl Interrupt Control/Status REGISTEN ....c.cc.cuevvvvreesiiecrenieinierci e esae s 25-158
PCl Interrupt Line Register (PCICO_INTLN) .....ccccrvniirriinienninresineesesessneneseeessesenseneens 25-159
PCI Interrupt Pin Register (PCICO_INTPN) .....cccceeiriiriiirceereeeeeerese e rennenens 25-160
PCI Latency Timer Register (PCICO_LATTIM) ..ccovievireerriirereseseeseecse e seeeereressessnnes 25-161
PCI Maximum Latency Register (PCICO_MAXLTNCY) ...cccvviriirriinieireceeeeecesnereesieennne 25-162
PCI Minimum Grant Register (PCICO_MINGNT) ...c...ooeuiiiiireeeereeeeeeeeereneneseeeneenenes 25-163
Next Item Pointer (PCICO_NEXTIPTR) ...ccovvrceetrienieiirenerreneneeseeesiesseseneseeresnenesnnesenses 25-164

PLB Slave Error Address Register (PCICO_PLBBEAR) ..
PLB Slave Error Syndrome Register 0 (PCICO_PLBBESRO) .

PLB Slave Error Syndrome 1 (PCICO_PLBBESR1) ........ .. 25-168
Power Management Capabilities Register (PCICO_PMC) .......c..ccccvvvermnererseesennennns 25-170
Power Management Control/Status Register (PCICO_PMCSRY) .......ccocvvererreececnnnnnn, 25-171
PMCSR PCI to PCI Bridge Support Extensions (PCICO_PMCSRBSE) ........ccccccevverennen. 25-172
Power Management State Change Request Register (PCICO_PMSCRR) ........ccccecvuvnen. 25-173
PCI PTM 1 BAR Register (PCICO_PTM1BAR) ......ccceccsierienieeniereseerenesnenessenesseneeieneens 25-174
PCI PTM 2 BAR Register (PCICO_PTM2BARY) .......ccocvrvrverererrenreeererenrnsresasessssesessssesenes 25-175
PCI Revision ID Register (PCICO_REVID) .......cccvveviuenieriniiiniecierr e eeesee e essessessessesneas 25-176
PCI Subsystem ID Register (PCICO_SBSYSID) .......ccceiverrirerrnrinreresisseseessnssesmnsresssnsens 25-177
PCI Subsystem Vendor ID Register (PCICO_SBSYSVID) ....cccecvrverrrerrereneeverereresseensens 25-178
PCI Status Register (PCICO_STATUS) ....cccverrririnininineninstnnsnressensessesssessesssasasssienes 25-179

PCI Vendor ID Register (PCICO_VENDID) .........

PMM 0 Local Address Register (PCILO_PMMOLA) ..
PMM 0 Mask/Attribute Register (PCILO_PMMOMA) ............... .
PMM 1 PCI High Address Register (PCILO_PMM1PCIHA) ........ccoovrieieeerecerirceeeeeniees 25-184

PMM 0 PCI Low Address Register (PCILO_PMMOPCILA) ......cccoectnimeiereenciieienrcsiens 25-185
PMM 1 Local Address Register (PCILO_PMMTLA) ....ccceevereiimceriieiiieie e eeceeiesaesaesaenens 25-186
PMM 1 Mask/Attribute Register (PCILO_PMMTMA) ....ccocevvrrrinreimriereiereseneesiseeseeeseseene 25-187
PMM 1 PCI High Address Register (PCILO_PMM1PCIHA) .......ccccovrirneenicrcennneecns 25-188
PMM 1 PCI Low Address Register (PCILO_PMMIPCILA) ......ccorvrnmiineniiencserineesesasnens 25-189
PMM 2 Local Address Register (PCILO_PMMZ2LA) .....c.cocoivvmirinierenninenissesssiseseesenns 25-190
PMM 2 Mask/Attribute Register (PCILO_PMM2MA) .....c..ccvvvienierinerininnnenesesesesessennenes 25-191
PMM 2 PCI High Address Register (PCILO_PMMZ2PCIHA) ........cccceecumrinrenrrrencrreniernennes 25-192
PMM 2 Low Address Register (PCILO_PMM2PCILA) .......ccccceemeeeererernicesieeneeeseeerenenene 25-193
PTM 2 Local Address Register (PCILO_PTM1LA) ........ 25-194
PTM 1 Memory Size/Attribute Register (PCILO_PTMIMS) ....cocoeviviiiieececerieseceeene, 25-195
PTM 2 Local Address Register (PCILO_PTMZ2LA) ....cccovirrereeineeeeerienerereesssesseserenenns 25-196
PTM 2 Memory Size/Attribute Register (PCILO_PTM2MS) .......cccocevmevvimrneerreeeennenee 25-197
ProCess ID (PID) ..ccccvereriiiiiiiiisnniiniisisisess e sesassssesssssssessesesassessssssssssseseassessessassssasens 25-198
Programmable Interval TImer (PIT) ....c.ccvirieniiiiieeresneeseennecsnessersessasessesscsessensenns 25-199
PLB Arbiter Control Register (PLBO_ACR) .....c.cccccirrenirennntiencisenininiieseseniessscessasassasnens 25-200

Preliminary



Figure 25-154,
Figure 25-155.
Figure 25-156.
Figure 25-157.
Figure 25-158.
Figure 25-159.
Figure 25-160.
Figure 25-161.
Figure 25-162.
Figure 25-163.
Figure 25-164.
" Figure 25-165.
Figure 25-166.
Figure 25-167.
Figure 25-168.
Figure 25-169.
Figure 25-170.
Figure 25-171.
Figure 25-172.
Figure 25-173.
Figure 25-174.
Figure 25-175.
Figure 25-176.
Figure 25-177.
Figure 25-178.
Figure 25-179.
Figure 25-180.
Figure 25-181.
Figure 25-182.
Figure 25-183.
Figure 25-184.
Figure 25-185.
Figure 25-186.
Figure 25-187.
Figure 25-188.
Figure 25-189.
Figure 25-190.
Figure 25-191.
Figure 25-192.
Figure 25-193.
Figure 25-194.
Figure 25-195.
Figure 25-196.
Figure 25-197.
.Figure 25-198.
Figure 25-199.

PLB Error Address Register (PLBO_BEAR) .......ccoviiiiiiiiininiiccecccsicn et 25-201
PLB Error Status Register (PLBO_BESR) .......cccccviiiiviinneniiitieenesessissnnnesnsssassnsresessses 25-202
Bridge Error Address Register (POBO_BEAR) .......ccccoovvviiiniinenininiieseeresenssninnneseenes 25-204
Bridge Error Status Register 0 (POBO_BESRO) ........ccooriimenerriniineneeeeestneeresenaeseesnenes 25-205
Bridge Error Status Register 1 (POBO_BESRT1) ......ccooeviiniirceeeenceeccineir e cceeeenenee 25-207
Processor Version Register (PVR) ......ccooeeciieecririinee ettt 25-208
Memory Bank 0-3 Configuration Registers (SDRAMO_BOCR-SDRAMO_B3CR) ........... 25-209
Bus Error Address Register (SDRAMO_BEAR) .......cccovvriiiiiiniinicniene et 25-210
Bus Error Syndrome Register 0 (SDRAMO_BESRO) ......ccceceiiniiiniriininiincesesseniennennens 25-211
Bus Error Status Register 1 (SDRAMO_BESRT) ......ccoveiriiiiiiiccninnneneccniesieene 25-213
Memory Controller Configuration (SDRAMO_CFG) .......ccooceiiiieiiieiniineesneee s 25-214
ECC Configuration Register (SDRAMO_ECCCFG) ......oocvvvvciirivercniininnenesestnesiinnneensenns 25-218
ECC Error Status Register (SDRAMO_ECCESR) .....cccvviviicniiiiniciinccnininenninne 25-219
Power Management Idle Timer (SDRAMO_PMIT) ....cccciiniveiniecencrerrreecernee e 25-220

Refresh Timing Register (SDRAMO_RTR)
SDRAM Timing Register (SDRAMO_TR) ..

Storage Guarded Register (SGR) .......ccocvviiirincciie ettt
Storage Little-Endian Register (SLER) ........ooeoeceiiiiecerncnmtinceecnisirccesissseen e
Special Purpose Registers General (SPRGO-SPRG7) ......ccovirevcniniinninenecninnn, 25-228
Save/Restore Register 0 (SRRO) .....cccoviverieierinnnin s 25-229
Save/Restore Register 1 (SRR1) ..o 25-230
Save/Restore Register 2 (SRR2) .......ccveririiiiiiieeitennse et anrecetesee s ssesesseasessssenne 25-231
Save/Restore Register 3 (SRR3) ......ccciicriniiiiinieieese st e stese e e sesesre st e s e eeesananaeas 25-232
Storage User-defined 0 Register (SUOR) ......ccoeieiiirereecrrentrenceie e reeeenae e secssesnesneas 25-233
Time Base LOWET (TBL) ......cvcciieiiireecneee ettt sr e smtee e srereesesensesne e e e snnenesness 25-235 .
Time Base UPPEr (TBU) ...ttt sttt se e s st s enesae e 25-236
Timer Control Register (TCR) .....coiverrriiiinrr ettt eseenest s be e nas 25-237
Timer Status Register (TSR) ...cccieice ettt aaeeene 25-238
UART Baud-Rate Divisor Latch (LSB) Registers (UARTX_DLL) ....ccccovnevenirirereniiinennns 25-239
UART Baud-Rate Divisor Latch (MSB) Registers (UARTX_DLM) .......ccccevinvrviinnirccinenns 25-240
UART FIFO Control Registers (UARTX_FCR) .....coovcuuieverereeinsesesssssssssessssssessssessssssens 25-241
UART Interrupt Enable Registers (UARTX_IER) ...cccccivviminniriinninenrennenrecresssesnesesseene 25-242
UART Interrupt Identification Registers (UARTX_IIR) .....ccccceviniinininiininneececeiee 25-243
UART Line Control Registers (UARTX_LCRY) ......cccoreeirreccmenmeeeiseneeteenesre s seeeene 25-244
UART Line Status Registers (UARTx_LSR) OSSO -1 ¥-Y. .
UART Modem Control Registers (UARTX_MCRY) .....ccccccevmimnimninnnninnnicrnisnsene s 25-247
UART Modem Status Registers (UARTX_MSR) ...ccccoroviceecveennninnenneennne rereeeretnaerannes 25-248
UART Receiver Buffer Registers (UARTX_RBR) .....ccocerviveiriereinirenenierennnse e seseeesasessanees 25-249
Scratchpad Registers (UARTX_SCR) ....cccoretreerienrmreiineerniisctnennsessessssnsecsssssesnesessess 25-250
UART Transmitter Holding Registers (UARTX_THR) .....cccoceoemiiniiinniiiinenesiiecneee 25-251
UIC Critical Register (UICO_CRY) ....cccoiiiiiniinniiriinirciessenss et secsseness 25-252
UIC Enable Register (UICO_ER) .......ccccoueeriiiiiieieiniiieieee s 25-255
UIC Masked Status Register (UICO_MSRY) ......ccceerrieirimrnneiiie st ss s 25-258

UIC Polarity Register (UICO_PR)
UIC Status Register (UICO_SR)
UIC Trigger Register (UICO_TR)

XXXixX

Figures

Preliminary



Figure 25-200. UIC Vector Configuration Register (UICO_VCR) ......cocovunirirenirircririnininsise s 25-270
Figure 25-201. UIC Vector Register (UICO_VR) .....ccoueiorimimiininiinissis sttt 25-271
Figure 25-202. User SPR General 0 (USPRGO) .... 25-272
Figure 25-203. Fixed Point Exception Register (XER) 25-273
Figure 25-204. Zone Protection Register (ZPR) .. 25-274
Figure A-1. | Instruction Format .........cccocevvvruncne. .. A-44
Figure A-2. B INStruction FOIMAL .........oooiiiiieeee ettt eese s e sae s e e nee e s e e s e e e s e e e e e e naen A-44
Figure A-3. SC INStUCHON FOMMAL .......ccciiiiiiiirenritieee e es st ise s bbb sne e snesane A-44
Figure A-4. D Instruction Format .... .. A-44
Figure A-5. X Instruction Format .... ...A-45
Figure A-6. XL Instruction Format ...... ...A-45
Figure A-7. XFX Instruction Format .... ...A-46
Figure A-8. XO Instruction Format ...... ... A-46
Figure A-9. M INStruCtion FOMMAL .........cccevieiieriicierieierceneninenr ettt ne s sansaa s A-46

x| PPC405GP User's Manual Preliminary



Tables

Table 2-1.
Table 2-2.
Table 2-3.
Table 2-4.
Table 2-5.
Table 2-6.
Table 3-1.
Table 3-2.
Table 3-3.
Table 3-4.
Table 3-5.
Table 3-6.
Table 3-7.
Table 3-8.
Table 3-9.

Table 3-10.
Table 3-11.
Table 3-12.
Table 3-13.
Table 3-14.
Table 3-15.
Table 3-16.
Table 3-17.
Table 3-18.
Table 3-19.
Table 3-20.
Table 3-21.
Table 3-22.
Table 3-23.
Table 3-24.
Table 3-25.
Table 3-26.
Table 3-27.
Table 3-28.
Table 3-29.
Table 3-30.
Table 3-31.
Table 3-32.
Table 3-33.
Table 3-34.
Table 3-35.

Table 4-1.

PPC405GP PLB Agents as Masters and SIaves........c.ccceeeierienieeiceireeeeie et senes e s 2-2
Registers Controlling PLB Master Priority ASSIGNMENLES.........ccovvivereiiininenieseee e ceesecsreesenesseenens 2-3
PLB ArDIter REGISIEIS .....oceuiieiiirieteeeeeei ettt ese e resr e s ss st nen e enens 2-5
PLB Arbiter REGISErS ....c.couei ittt bbb bt 2-8
PPC405GP OPB Master ASSIGNMENES ......ccceeieiiirieiiirieierieeccrenniesssesessse s srassesaesssasssassessasassesnes 2-12
PLB ArDItEr REGISEIS ...cueeeieiieietieieieice ettt st a e s saeesaesraesnnasnas 2-12
PPCA405GP AdUress SPaCE......cvrecrirrsrecerrenrerrirenianinesessensesessessasseessesssssssssssesensessenss reerireseneerenns 3-2
PPCAOSGP SPRS .ceutriiierirmriiiesiitetssesees st sttt asessssresrastese s e sas e sse s ast s st ssesrsnesssssasss ssassannesnensans 3-7
XER[CA] Updating INStIUCHONS ...ccoviviiiiiiierieeeeiiiisie st sree st st s ae s esessnssseaesssessse st rarnassen 3-10
XER[SO,0V] Updating INStIUCHONS ..cvevieiiiireeiiiinirirsereeeeeresresseesresseeesesnsaeaessessessesnssansseseens 3-11
Time Base REGISIES ...cociiiiiiiiiiie ettt e e s 3-15
Directly ACCESSEA DCRS .....ccceeeiieeirieitriree ettt b e st ee e e e e e e se e e snssaenreneene 3-17
SDRAM Controller DCR USAGE ......coueeururimmreriiiiienieieereseeetetesses e ses e ssesssseseneseesne st sasssssnesasenens 3-19
Offsets for SDRAM Controller REGISIErS .......ccceeiierieeiireie e csie e etereeeesrereeessaeesssse s resnsnnannes 3-19
External Bus Controller DCR USAJE .........ciniirinimirseriiitisicmnerctcsssssssesissiissesnsssesiessessossssnasns 3-20
Offsets for External Bus Controller REGIiSters ........c..cccvivinininiineiiiinennee 3-20
Decompression Controller DCR USAQgE .......ccvvviiiiiiiineninieiiccnnsesesesneise s sesesnes 3-21
Offsets for Decompression Controller RegiSters ........ccoccvvmieiervecnicnnnenccniec e, veeene 3-21
Directly Accessed MMIO REGISIEIS ......cccceveerrneiiieiire ettt sse e er e srne s sseennes 3-22
PCI Configuration Address and Data RegiSters .........ccccuiunrerinmcinnincnnccsesssccnieneas 3-25
PCI Configuration RegiSters ...t 3-25
Alighment EXCEPLiON SUMMAIY .....oiiiiieeiieceriente ettt s s s s et sae st enaeennee 3-28
Bits 0f the BO FIEld .......cciiiiiiteieeeccne ettt vttt e 3-35
Conditional Branch BO FIeld ..........ccoceoioiiciiieeee ettt sem st reean s b 3-36
Example Memory Mapping .....c.coieueeeecrerssicniineneeenceeneetssessesesersseesesstosessnecssnssssssessssnecssssasns 3-40
Privileged INSUCHONS ......coiiiiii et b e 3-42
PPC405GP Instruction Set SUMMay ......c.cocvvciiiieeiciiie et 3-47
Implementation-specific INSIIUCHONS....... oo irriiicrre ettt e 3-48
Storage Reference INSrUCHONS .........ooiiiiiiiiii e e 3-48
ArthmEtic INSTIUCHONS ...ttt en et st e e s sbe e an 3-49
Multiply-Accumulate and Multiply Halfword InStructions............ccoecriinireinsninrceeecie e 3-50
LOGICal INSTIUCHIONS ..ottt a e b e st s ean et 3-50
COoMPAre INSIIUCIONS ....ccuveeieeireeeierceeerite et e s e s e st e st s aese e s se e resab e e e sseessasssseasenesasannennsenns 3-50
Branch INSIUCHIONS ......oociiiiiiiiiiiiiiiiiinii it res s st srme e mre s bae e nee e 3-51
CR LOGICal INSIIUCHIONS .....vieeerieiieiecieeie ettt et st sre s st b e s s e sab e b s s 3-51
Rotate INSIrUCHONS .......coviiiiiie e e s 3-51
Shift INSIIUCHONS ecetiiieeecriee ittt ae e st sesae e aesas et s n s s 3-52
Cache Management INSLIUCHIONS .....c..vvcerceiieierere et erer s et r e n s 3-52
Interrupt Control INSIUCIONS .....ooiuiiiiieciici et e e 3-52
TLB Management INStIUCHONS .....c.coviiiiiiiiiiice ittt 3-53
Processor Management INStIUCHONS ......cccoveeveviireeinirierr et eree e e s essae e sreane 3-53
Instruction Cache Organization ..............cc..c... PRSP 4-2

Preliminary Tables xli



Table 4-2.

Data Cache Organization .........c..ceciiecirriinnmieercsnaesestsernete s st saeresessssesessssesesesasessasssssasanns 4-6
Table 4-3. Priority Changes With Different Data Cache Operations .. 4-17
Table 5-1. Examples of Store Data Bypass ........cccevereevercrenercveenennnen .. b4
Table 5-2. OCM DCRS ......cccooeveeeninmrincieiiinens . 5-5
Table 6-1. TLB Fields Related t0 Page SiZe ......cccovrveeieririeeeeiineeeeseieeeee et sae s ee st se e e s s e e sserenes 6-4
Table 6-2. Protection Applied to Cache Control INSIIUCHONS .......c.ceveeeceererninrerrireiereee e e e ee e 6-15
Table 7-1. Clock Strapping VAIUES ........cccvivricrcrereririeeereeesri e rrerarseseesseesessest e sesssnsssesssesssasesessesessensesessens 7-3
Table 7-2. PLL TUNING SEHINGS .....cccoiiiiiiiciiiirmrrecieer e sciecer st e e s s sa s st sese s s e e re e s e e seeneesenennn 7-4
Table 7-3. Possible Clocking Ratios for Reference Clock of 33.3MHZ .........ccoeiiimcnevernnncenenrneeneneninns 7-5
Table 7-4. Possible Clocking Ratios for Reference Clock of 25MHZ ..........c.covvevivnverenninnincrennninsesesseennenas 7-6
Table 7-5. Possible Clocking Ratios for Reference Clock of 41.6MHz ...........ccocvvireimvenenecccennsrnnisseiinnenens 7-7
Table 7-6. Example Synchronous PCI Clock Frequencies in Asynchronous Mode.........cecseereenvcsnnniiseninnas 7-8
Table 7-7. Clocking Control REGISErS........ccciiviiiiriieiierci ettt bn 7-9
Table 8-1. MSR CONtENES AftEr RESEL ......cceueeerieierieerireririeerese ettt nr et sasss et s st se et et snnne 8-3
Table 8-2. SPR Contents After Reset ....... ... 8-4
Table 8-3. DCR Contents After Reset ................... ....8-4
Table 8-4. MMIO Register Contents After Reset ... ..8-8
Table 9-1. MUIPIEXEA PINS ..cccvueiiieieereriscirteeeeeti it sesesbe st eeesessassanneseenesreseeseessssessesseseseenessessasansennssnes 9-3
Table 10-1. UIC INterrupt ASSIGNMENTS ....c.cocvieiriiiiiiiieniseries e st a e se e st ta e s s e sesassasesasns 10-1
TabIE 10-2. UIC DORS......ootiuiiieeiieeeiietctrece bttt e st sae et et st b st bbb en e s spnas it e 10-3
Table 10-3. Interrupt Handling PrOMtES ........ccoviiiiiininicic e renes 10-25
Table 10-4. INterrupt VECIOr OffSELS ...coviiciiiiiiictece ettt ste et be e sse s b b sss et et e b snernnens 10-27
Table 10-5. ESR Alteration by Various INTEITUPLS ........cccceiiiiieieirieceiesccrere et e e sse s saeaae s e 10-33
Table 10-6. ESR Alteration by Various INtEITUPLS .........ecveevruierreccrteterereesertreres e e saesee st sesssseeessesaens 10-33
Table 10-7. Register Settings during Critical INput INtEITUPLS ......covvreeeevercee et 10-35
Table 10-8. Register Settings during Machine Check—Instruction INterrupts ........cccceevveveverrennneeininnnnnns 10-36
Table 10-9. Register Settings during Machine Check—Data INtermuPts .........cccevevreeereererenninreeennenressersesenes 10-36
Table 10-10. Register Settings during Data Storage Interrupts ........ccccc...... ... 10-37
Table 10-11. Register Settings during Instruction Storage Interrupts .............. ... 10-38
Table 10-12. Register Settings during External Interrupts ... .10-39
Table 10-13. Alignment INterrupt SUMMANY .......c.covcriieiiieieirce ettt s rse e st a et 10-39
Table 10-14. Register Settings during Alignment INTErrUPES ........coceivveiinereieiiciiereener e seneneas 10-40
Table 10-15. ESR Usage for Program INEITUPES ......c..c.eeveeeiiieciiiiiiiiii e seee et s esnesnnns 10-40
Table 10-16. Register Settings during Program INtEITUPES ........ccceeereniireeiririereeseseeeseseesseresreseseenesessenens 10-41
Table 10-17. Register Settings during System Call INterrupts ........ccoceveveeiiiirenrierercers e 10-41
Table 10-18. Register Settings during Programmable Interval Timer Interrupts ........coccecveeeeeevenereerennnnnenne 10-42
Table 10-19. Register Settings during Fixed Interval Timer INterrupts .......ccceceevveeceveriineneeceinneneniesrreenenne 10-42
Table 10-20. Register Settings during Watchdog Timer INterrupts ......c...ceveevecniiccnirneieninesenisnesneenns 10-43
Table 10-21. Register Settings during Data TLB Miss INtEITUPES ....cccccviviiiniinincccneninneiscnenen 10-43
Table 10-22. Register Settings during Instruction TLB Miss INterrupts .........coceevievinreesnrencrenesnennnnesenens 10-44
Table 10-23. SRR2 during Debug INTBITUPLS ......ccceviiiiiieiiiie ettt s 10-45
Table 10-24. Register Settings during Debug Interrupts .. 10-45
Table 11-1. TimMe BASE ACCESS ....c.ceirtiierriiiiciee et sr et s n e e s e s e s e s eress e st eb e s eaantan 11-3
Table 11-2. FIT CONLIOIS ..ueerieiieieictiiie ettt sttt se e st sa et es et nsbeusarnaenens 11-5
Table 11-3. Watchdog Timer CONMIOIS ........c.ecveiiririereriisrrterecere et st ae e s e s s et eenaenes 11-6
Table 12-1. JTAG CONNECION SIGNAIS ....cvveuiiiitiisiirieeneeie e se e se e s s b e seebane 12-2

PPC405GP User's Manual Preliminary

xlii



Table 12-2.
Table 12-3.
Table 12-4.
Table 12-5.
Table 12-6.
Table 12-7.
Table 13-1.
Table 14-1.
Table 14-2.
Table 15-1.
Table 15-2.
Table 15-3.
Table 15-4.
Table 15-5.
Table 15-6.
Table 15-7.
Table 15-8.
Table 16-1.
Table 16-2.
Table 16-3.
Table 16-4.
Table 16-5.

JTAG INSIUCHONS ..veeeiiiiienisii ittt et scene ettt e ras e se st nr b sE s s ba e nrasnene s e e s mens 12-3
RISCTrace Header Pin DESCHPHON ...v..ccovviiiineriiiciinmennrcisseseiresnsssesseses s sssssssssnsenessesssens 12-5
[T o B o =T TP 12-16
DAC Applied to Cache INSITUCLIONS ........ccceiriiieineerstes e sae s e sae s 12-20
Setting of DBSR Bits for DAC and DVC EVENLS .......ccccuvverirceccriineceicisinessscse s 12-22
Comparisons Based on DBCRI[DVNM] ..ottt srsnee 12-23
CPM REGISIEIS.ccuviiciie ittt ie st st re e e e s aas st e s aa e s e e es st e s bsearen s st e sbesssassensssseensnnsenrsans 13-1
DCRs Used to Access the Decompression Controller Registers ...........cvveercininninnsssinenne 14-4
Offsets for Decompression Controller REGIStErs ..., 14-4
SDRAM Signal Usage and State During/Following ReSet.........ccccvvnininiiminnniie e, 15-2
SDRAM Controller DCR AQAIESSES ...cc.eeveivrereerinnisinsissirnnnesecsisessesesssssssssssssssssssesesssanessnesseas 15-2
SDRAM Controller Configuration and Status RegiSters ... 15-3
SDRAM AdAresSing MOUES ...c.uccerieiieerinirenrenrisieessessesseesneesseseesressesssseessssessessssesssssnsensessesesssans 15-7
SDRAM PAGE SiZB ...vevieeeenieecetriie ettt e ee et et 15-7
Logical Address Bit on BA1:0 and MemAddr12:0 Versus Addressing Mode. .........cecevvvviiiinnnenne 15-8
SDRAM Memory Timing Parameters .........ccoeieiiininiieei e sreesnesne e 15-10
Additional Latency when using ECC.........ccoviniinimcniiinnicceitri et ssseenes 15-14
EBC Signal Usage and State During/Following a Chip or System Reset...........ccoveeviinirecerccnans 16-2
Effect of Driver Enable Programming on EBC Signal States..........cccocviiinniiicininncniccniinnnn, 16-5
External Master ArDItFation. .....c.vieverciinieiircenitr e 16-18
Signal States During Hold Acknowledge (HoldAck=1).... 16-18
EBC DCR AdAresses......ccccoveveeeenerivnnnnenennrenesensseenens 16-23

Table 16-6. External Bus Configuration and Status Registers ........cc.cccvvevrerinnuecrennene ...16-23
Table 17-1. PowerPC, CoreConnect PLB, and PCI Address Bit-Naming Conventions .........cceceeeviiecnnnennns 17-3
Table 17-2. PowerPC, CoreConnect PLB, and PCl Data Bus Bit-Naming Conventions ...........ccoeeeececiinnnnes 17-3
Table 17-3. PLB AQAIESS MAP .ccccuieeieriieiiieireesirreteeeessresessessreeseessaeassseessssasaesssseesemssousrnsessssessssasnnassssssssnns 17-6
Table 17-4. PCl Memory ADAreSSs Map.......cccuvieciieriesiniieniniiiniesessiesisssssssseseessessesssessnssesessenesnsssssessassssnees 17-8
Table 17-5. Transaction Mapping: PLB — PCl ...ttt e sese e svsesseesemneesvaaeenneesane 17-10
Table 17-6. Transaction Mapping: PCl — PLB ...t seesesesesssesesessesscstsnsessessessons 17-14
Table 17-7. COMISION RESOIUTON «......eveeeeeeererreessereeessesesessssenssssesessessessssessssssssesssssesssesesesesssessesssssesssssssssees 17-19
Table 17-8. Directly Accessed MMIO REGISIEIS .......cciviriirenreneiciiiicnreieiinsis st saens 17-19
Table 17-9. PCI Configuration Address and Data Registers ... 17-20
Table 17-10. PCI Configuration Register OffSBtS ........cccvriiiircinriiiin ettt 17-20
Table 17-11. PLB Unsupported Transfer Types...... ..17-55
Table 17-12. Address Map Register Values ....... ..17-63
Table 18-1. DMA Controller EXErNal 1/Os .........ccoiirireerciiiniecinenesiieeee i sese st s ssssssst s ssssssnnsssssss 18-1
Table 18-2. DMA Controller Configuration and Status RegiSters ........c.cceminneiccrininnciiinn e, 18-4
Table 18-3. DMA Transfer PrHOMLES ......coeveiieereriresseeteereninniasesssetssanassesesessssessssssssssasssnssssssesssssesesssnsns 18-13
Table 18-4. Address Alignment Requirements ... e et 18-15
Table 18-5. Scatter/Gather DeSCHPLOr TADIE ......cccovviiiirirerciriireseeseeeres et e st sr e naens 18-16
Table 18-6. Bit Fields in the Scatter/Gather Descriptor Table ..........cccceiirercerimrienrecierenrnesesee e eecesre e 18-16
Table 18-7. DMA Registers Loaded from Scatter/Gather Descriptor Table.........ccccinvniiiinniinicciinnins 18-17
Table 19-1. FCS/SA Enable - Possible Configurations............cccviiiieeeenencne i 19-11
Table 19-2. FCS/Pad Enable - Possible Configurations ...........cccccuviievneriiniciniinicsnnene e, 19-11
Table 19-3. FCS/VLAN Tag Enable - Possible Configurations.........ccccccveerieneirienenininnesecrsnesiesseseessanen 19-11
Table 19-4. In Range Length Error Behavior for Various Packet Lengths........ccccccvviniiininiiiiinieninccineenns 19-13

Preliminary Tables xliii



Table 19-5.
Table 20-1.
Table 21-1.
Table 21-2,
Table 21-3.
Table 21-4.
Table 21-5.
Table 21-6.
Table 22-1.
Table 22-2.
Table 22-3.
Table 22-4.
Table 23-1.
Table 23-2.
Table 23-3.
Table 24-1,
Table 24-2,
Table 24-3.
Table 24-4.
Table 24-5.
Table 24-6.
Table 24-7.
Table 24-8.
Table 24-9.

Table 24-10.
Table 24-11.
Table 24-12.
Table 24-13.
Table 24-14.
Table 24-15.
Table 24-16.
Table 24-17.
Table 24-18.
Table 24-19.
Table 24-20.
Table 24-21.
Table 24-22.
Table 24-23.
Table 24-24.
Table 24-25.
Table 24-26.
Table 24-27.
Table 24-28.
Table 24-29.
Table 24-30.
Table 24-31.

EMAC RegiSter SUMMAIY ...ccceiiriiniiiiiiiiiessesreeeneneesinsesesesssansrssnestessessessessessssssessrossssssssessesss
MAL REGISIEIS..ccviviiireierieiinitiniiesissscseess et seseasstssasssasssessssassaesas s s sass sasssessssorsasssnesssesanssnnes
Baud Rate Settings ...t s R
UART Configuration Registers....
Interrupt Priority Level ......cccovvrvcerrerienneneneenes
Divisor Latch Settings for Certain Baud Rates ..., 21-15
UARTO Transmitter DMA Mode Register Field Settings ........c.cocevnvninninninssininenncon, 21-19
UARTO Receiver DMA Mode Register Field Settings ..........cccevvevreiiiininnncniicnsinnerneiine 21-20
LT3 1= o 1153 C1 OO 22-2
IIC Response to IICO_CNTL Field Settings .....cccoiovnrivmiiiiinneiennennn, 22-8
IICO_STS[ERR, PT] DECOUING «..eeveriireerreereessrssisnmeneereseesisesnmnesssminesesssssessssessissssesssesssssens 22-11
1ICO Clock Divide Programming ..., 22-16
Macro /O INtEMACE SIGNAIS ..ivvvevericerinrirenirrccirnriserne e et seres st sessesesessesestsrsnsesesssasens 23-2
GPIO REGIStEr SUMMANY.....c.ireeeeeerrierreeureesescriesesse et eeennsrt st se s recsneresasnssbeseesesbsosssasseensennonine 23-5
GPIOO_ODR CONrOl LOGIC ..c.vvviueencreirereesienneseerensnsstsst s sse st st s nsmssssisasssssnsressssanesssassrnss 23-6
Implementation-Specific INSITUCHONS..........cviiiin 241
Operator Precedence.........cccoeeeveunne. v 24-5
Extended Mnemonics for addi ....
Extended Mnemonics for @daiC ..o 24-10
Extended Mnemonics for addic. ........ocvniirivinninnenas e s s s s b e 24-11
Extended Mnemonics for addis ........c..cevenuine
Extended Mnemonics for be, bea, bel, bela
Extended Mnemonics for bCCtr, BCCHI ......cccceirvminrinnccirn e e
Extended Mnemonics for belr, BCIF .....covvciiecceniiice e
Extended MNemonics fOr CMP ....ccvciveeeniniir it
Extended Mnemonics for mpi ......ccoccervnvnininiicnnnnniinecnnn e e
Extended Mnemonics for CMPI ....c.c.covvveiniiiiii e s s
Extended Mnemonics for cmpli .......c.coccevmivinicrcnnieincecnennnn, ettt
Extended MNemoniCs fOr CIEAV .....cuiveiiiriiiiieeinniiine st sesesssss s sssneens
Extended Mnemonics for crnor ...
Extended Mnemonics for cror .....
Extended Mnemonics for crxor .......
Transfer Bit Mnemonic Assignment .........cccccoccevinineniinnens
Extended Mnemonics for MfSPr ........cceceeereeemerernnvesenniennennns
Extended Mnemonics for Mfth......c.coovvvecrinerrinie e
Extended Mnemonics for Mfb .......ccccocvriiinircini e
Extended Mnemonics fOr MECH ....c..coecreeiiiinee e s
Extended MNemonics fOr MESPT ...cccveieceiiiiniiinniiiiiees e s sseessanes
Extended Mnemonics fOr NOT, NOK. .c.vvcverieniiiciinii e 24-139
Extended MNemonics fOr OF, OF. ...cvciiiiieneiincini et 24-140
Extended Mnemonics for ori

Extended Mnemonics for subf, subf., subfo, subfo. ...... .
Extended Mnemonics for subfc, subfc., subfco, subfco. ... 24-177

xliv PPC405GP User’s Manual Preliminary



Table 24-32. Extended MNemoniCs fOr tIre .........covvieiiiiiiniiniinirinsris e sssrees e srenessnrssesssesansesssnness 24-185

Table 24-33. Extended Mnemonics for W ... e e, 24-189
Table 24-34. Extended MNemONiICS fOr tW ......cccccriviiimmimmciii st s esnes 24-191
Table 24-35. Extended Mnemonics for twi ..........cceueeeee . reereeree et sttt ae e 24-194
Table 25-1. PPC405GP General PUrPOSE REGISIEIS ...c.cvvecuerererrerienrrenrirerreereseeerseeretnes st s sses s srssssane 25-1
Table 25-2. Special PUrp0S8 REGISIEIS ......cveviireeiiiirenieenirineenierenser st eseee st es i sss s srssnanas 25-2
Table 25-3. Time Base REGISIErS .....covciviiviiiiiiic e 25-4
Table 25-4. Directly ACCESSEU DCRS .....oouevviieiirieercir ettt sttt sb e bbbt 25-4
Table 25-5. SDRAM Controller DCR USAQE ......civevireireuimerienciniinesieisnnsiemsessmmessenmimnmismissome s 25-7

Table 25-6. Offsets for SDRAM Controller REGISEIS ......cccvviriiiririeineiciniinineeerese e essesnne 25-7
Table 25-7. EBC DCR USAQE ...civiriiiiiiiiiniieisis e stesesseesisserses s st sasesasesnasssssissmsssesssssnnsssssnssnessansnns 25-8
Table 25-8. Offsets for EBC REQGISIETS ....ccviiiriiniiiiniiinisnetnene s sssessesssssessssins 25-8
Table 25-9. Decompression Controller DCR USAQE .......cvvvveeriisnsesiniismninennieenmenissesesesssssnensens 25-9
Table 25-10. Offsets for Decompression Controller REgISIErS .......ccevvvueereerrieirnniicsin e 25-9
Table 25-11. Directly Accessed MMIO REGISTEIS .......ccciiiiniiiiiiicinnnn et 25-10
Table 25-12. PCI Configuration Address and Data RegiSters ... 25-13
Table 25-13. PCI Configuration REGISIEIS ......cccivveiiinininiii s 25-13
Table 26-1. Alphabetical SIGNal LiSt.......ccecc et sree e e ee s srr s sena st sssanassssessrsesssssssnes 26-1
Table 26-2. Signal Descriptions

Table A-1. PPC405GP instruction Syntax SUMMATY ... A-1
Table A-2. PPC405GP Instructions by Opcode ........ccccevune A-33
Table B-1. PPC405GP Instruction Set Functional Summary .. .. B-1
Table B-2. Implementation-specific Instructions .........cccevviviniiciinnn .. B-1

Table B-3. Instructions in the IBM PowerPC Embedded Environment . ... B-5
Table B-4. Privileged Instructions .........ccccvemevnnniviiinsinccnnenns F PO R PR ORTPPOPRN B-7
Table B-5. Extended Mnemonics for PPC40SGP .......cccciiveveinesneremecrnrenrsesr s ssese e sssenssnesssses B-10
Table B-6. Storage Reference INSIUCHONS .........ccvcvrirreninicceecireeseer sttt sessasnes B-29
Table B-7. Arithmetic and Logical INStrUCtiONS ........ccciiiiiicinininrccstnecc e B-33
Table B-8. Condition Register Logical INStrUCHIONS ........cccvenmiiniinniininii s B-37
Table B-9. Branch Instructions

Table B-10. Comparison INSTIUCHONS ......ccciiieiieniieimesie e B-39
Table B-11. Rotate and Shift INSIUCHIONS ........veeueieereseseinssesssessssssssesssessesssssssssssssssssssssssssssssssassssssssssesanses 'B-40
Table B-12. Cache Control Instructions

Table B-13. Interrupt Control INSIIUCHONS .....cccveiciecineninmicms e B-42
Table B-14. Processor Management INSIrUCHONS ........ccoociereiririeeiecec ettt B-42
Table C-1. Cache Sizes, Tag Fields, and Lines......

Table C-2. Multiply and MAC Instruction Timing .
Table C-4. Instruction Cache Miss Penalties.........cccvverieiinienniiiminiissesii e sseesnesonees

Preliminary Tables xlv



xlvi PPC405GP User's Manual Preliminary



About This Book

This user's manual provides the architectural overview, programming model, and detailed information
about the registers, the instruction set, and operations of the IBM PowerPC 405GP (PPC405GP)
32-bit RISC embedded processor.

The PPC405GP RISC embedded processor features:

* PowerPC Architecture™

» Single-cycle execution for most instructions

* Instruction cache unit and data cache unit

¢ Support for Little Endian operation

¢ Interrupt interface for one critical and one non-critical interrupt signal ,
» JTAG interface

» Extensive development tool support

Who Should Use This Book

This book is for system hardware and software developers, and for application developers who need
to understand the PPC405GP. The audience should understand embedded processor design,
embedded system design, operating systems, RISC processing, and design for testability.

How to Use This Book

This book describes the PPC405GP device architecture, programming model, external interfaces,
internal registers, and instruction set. This book contains the following chapters, arranged in parts:

Part| [ntroducing the PPC405GP Embedded Processor
Chapter 1 Overview
Chapter 2 On-Chip Buses
Part Il The PPC405GP RISC Processor
Chapter 3 Programming Model
Chapter 4 Cache Operations
Chapter5  On-Chip Memory
Chapter 6 Memory Management
Part Il PPC405GP System Operations
Chapter7  Clocking
Chapter 8 Reset and Initialization
Chapter 9 Pin Strapping and Sharing
Chapter 10  Interrupt Controller Operations
Chapter 11 Timer Facilities
Chapter 12  Debugging
Chapter 13  Clock and Power Management
Chapter 14  Decompression Controller Operation
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Part IV PPC405GP External Interfaces
Chapter 15 SDRAM Controller
Chapter 16  External Bus Controller
Chapter 17  PCl Interface
Chapter 18  Direct Memory Access Controller
Chapter 19  Ethernet Media Access Controller
Chapter 20 Memory Access Layer
Chapter 21 Serial Port Operations
Chapter 22  1IC Bus Interface
Chapter 23  GPIO Operations
PartV Reference
Chapter 24  Instruction Set
Chapter 25 Register Summary
Chapter 26  Signal Summary

This book contains the following appendixes:

Appendix A  Instruction Summary
Appendix B Instructions by Category
Appendix C  Code Optimization and Instruction Timings

To help readers find material in these chapters, the book contains:

Contents, on page v.
Figures, on page xxix.
Tables, on page xli.
Index, on page X-1.

Conventions

The following is a list of notational conventions frequently used in this manual.

ActiveLow An overbar indicates an active-low signal.
n A decimal number

Ooxn A hexadecimal number

Obn A binary number

= Assignment

A AND logical operator

- NOT logical operator

v OR logical operator

@ Exclusive-OR (XOR) logical operator

+ Twos complement addition

- Twos complement subtraction, unary minus

X

Multiplication
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%
I
=%
<, >
u u
<y >

if...then...else...

do

leave
FLD
FLDy,
FLDp:p
FLDpy, ...
REG,
REGpy

REGIFLD]

REG[FLD, FLD

REG[FLD:FLD]
GPR(r)
(GPR(r))
DCR(DCRN)

SPR(SPRN)
TBR(TBRN)

GPRs
(Rx)
(RAIQ)
CReLD
Co:3

"b

Division yielding a quotient

Remainder of an integer division; (33 % 32) = 1.
Concatenation

Equal, not equal relations

Signed comparison relations

Unsigned comparison relations

Conditional execution; if conditionthen a else b, where a and b represent
one or more pseudocode statements. Indenting indicates the ranges of a
and b. If bis null, the else does not appear.

Do loop. “to” and “by” clauses specify incrementing an iteration variable;
“while” and “until” clauses specify terminating conditions. Indenting
indicates the scope of a loop.

Leave innermost do loop or do loop specified in a leave statement.
An instruction or register field

A bit in a named instruction or register field

A range of bits in a named instruction or register field

A list of bits, by number or name, in a named instruction or register field
A bit in a named register

A range of bits in a named register

A list of bits, by number or name, in a named register

A field in a named register

Alist of fields in a named register

A range of fields in a named register

General Purpose Register (GPR) r, where 0 <r < 31.

The contents of GPR r, where 0 <r < 31.

A Device Control Register (DCR) specified by the DCRF field in an
mfder or mtdcer instruction

An SPR specified by the SPRF field in an mfspr or mtspr instruction

A Time Base Register (TBR) specified by the TBRF field in an mftb
instruction '

RA,RB, .

The contents of a GPR, where xis A, B, S,or T

The contents of the register RA or 0, if the RA field is 0.

The field in the condition register pointed to by a field of an instruction.
A 4-bit object used to store condition results in compare instructions.
The bit or bit value b is replicated n times.
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XX

CEIL(x)
EXTS(x)
PC
RESERVE

CIA

NIA

MS(addr, n)
EA
EA,

EAb:b
ROTL((RS),n)

"MASK(MB,ME)

instruction(EA)

Bit positions which are don't-cares.

Least integer > x.

The result of extending x on the left with sign bits.
Program counter.

Reserve bit; indicates whether a process has reserved a block of
storage.

Current instruction address; the 32-bit address of the instruction being
described by a sequence of pseudocode. This address is used to set the
next instruction address (NIA). Does not correspond to any architected
register.

Next instruction address; the 32-bit address of the next instruction to be
executed. In pseudocode, a successful branch is indicated by assigning
a value to NIA. For instructions that do not branch, the NIA is CIA +4.

The number of bytes represented by n at the location in main storage
represented by addr.

Effective address; the 32-bit address, derived by applying indexing or
indirect addressing rules to the specified operand, that specifies a
location in main storage.

A bit in an effective address.
A range of bits in an effective address.

Rotate left; the contents of RS are shifted left the number of bits
specified by n.

Mask having 1s in positions MB through ME (wrapping if MB > ME) and
Os elsewhere. .

An instruction operating on a data or instruction cache block associated
with an EA.
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Chapter 24. Instruction Set

Descriptions of the PPC405GP instructions follow. Each description contains the following elements:

¢ Instruction names (mnemonic and full)

¢ Instruction syntax

¢ Instruction format diagram

¢ Pseudocode description

¢ Prose description

¢ Registers altered

¢ Architecture notes identifying the associated PowerPC Architecture component

Where appropriate, instruction descriptions list invalid instruction forms and exceptions, and provide
programming notes.

24.1 Instruction Set Portability

To support embedded real-time applications, the instruction sets of the PPC405GP and other IBM
PowerPC 400Series embedded controllers implement the IBM PowerPC Embedded Environment,
which is not part of the PowerPC Architecture defined in The PowerPC Architecture: A Specification
for a New Family of RISC Processors.

Programs using these instructions are not portable to PowerPC implementations that do not
implement the IBM PowerPC Embedded Environment.

The PPC405GP implements a number of implementation-specific instructions that are not part of the
PowerPC Architecture or the IBM PowerPC Embedded Environment, which are listed in Table 24-1. In
the table, the syntax “[0]” indicates that an instruction has an “o” form, which updates the
XER[SO,0V] fields, and a “non-0” form. The syntax “[.]” indicates that an instruction has a “record”
form, which updates CR[CRO], and a “non-record” form.

Table 24-1. Implementation-Specific Instructions

dccei macchwlo][.] mfder nmacchw[o][.] | rfci
dcread | macchws[o].] | mtder nmacchws|o][.] | tibre
iccci macchwsu(o][.] [ mulechw[.] | nmachhwlo][.] | tibsx[.]

icread macchwu[o].] | mulchwul.] | nmachhws[o][.] | tibwe
machhwi[o][.] mulhhw[.] | nmaclhw[o][.] |wrtee
machhws[o][.] [ mulhhwul.] | nmaclhws[o][.] | wrteei
machhwsu[o][.] | mullhwl[.]
machhwulo][.] | mullhwul[.]
maclhwio][.]
maclhws][o][.]
maclhwsulo][.]
maclhwu(o][.]

Preliminary Instruction Set 241



24.2 Instruction Formats

For more detailed information about instruction formats, including a summary of instruction field
usage and instruction format diagrams for the PPC405GP, see “Instruction Formats” on page 24-2.

Instructions are four bytes long. Instruction addresses are always word-aligned.

Instruction bits 0 through 5 always contain the primary opcode. Many instructions have an extended
opcode in another field. The remaining instruction bits contain additional fields. All instruction fields
belong to one of the following categories:

¢ Defined

These instructions contain values, such as opcodes, that cannot be altered. The instruction format
diagrams specify the values of defined fields.

¢ Variable

These fields contain operands, such as general purpose register selectors and immediate values,
that may vary from execution to execution. The instruction format diagrams specify the operands in
variable fields.

* Reserved

Bits in a reserved field should be set to 0. in the instruction format diagrams, reserved fields are
shaded.

If any bit in a defined field does not contain the expected value, the instruction is illegal and an illegal
instruction exception occurs. If any bit in a reserved field does not contain 0, the instruction form is
invalid and its result is architecturally undefined. Unless otherwise noted, the execute all lnvalld
instruction forms without causing an illegal instruction exception.

24.3 Pseudocode

The pseudocode that appears in the instruction descriptions provides a semi-formal language for
describing instruction operations.

The pseudocode uses the following notation:

= Assignment

A AND logical operator

- NOT logical operator

v OR logical operator

@ Exclusive-OR (XORY) logical operator

+ Twos complement addition

- Twos complement subtraction, unary minus

X Multiplication

+ Division yielding a quotient

% Remainder of an integer division; (33 % 32) = 1.
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I

=,¢
<, >
u u

<y >

if...then...else...

do

leave

n

0xn

Obn

FLD

FLDy
FLDp:p
FLDpp, ...
REG,
REGp:,
REGpyp, . ..
REG[FLD]

REGIFLD, FLD ___

REG[FLD:FLD]
GPR(r)
(GPR(r))
DCR(DCRN)

SPR(SPRN)
TBR(TBRN)

GPRs
(Rx)
(RAID)
Co:3

"o

Concatenation

Equal, not equal relations
Signed comparison relations
Unsigned comparison relations

Conditional execution; if condition then a else b, where a and b represent
one or more pseudocode statements. Indenting indicates the ranges of a
and b. If bis null, the else does not appear.

Do loop. “to” and “by” clauses specify incrementing an iteration variable;
“while” and "until” clauses specify terminating conditions. Indenting
indicates the scope of a loop.

Leave innermost do loop or do loop specified in a leave statement.
A decimal number

A hexadecimal number

A binary number

An instruction or register field

A bit in a named instruction or register field

A range of bits in a named instruction or register field

A list of bits, by number or name, in a named instruction or register field
A bit in a named register

A range of bits in a named register

A list of bits, by number or name, in a named register

A field in a named register

A list of fields in a named register

Arange of fields in a named register

General Purpose Register (GPR) r, where 0 <r < 31.

The contents of GPR r, where 0 <r < 31.

A Device Control Register (DCR) specified by the DCRF field in an
mfdcr or mtder instruction

An SPR specified by the SPRF field in an mfspr or mtspr instruction

A Time Base Register (TBR) specified by the TBRF field in an mftb
instruction

RA,RB,

The contents of a GPR, where xis A, B, S,or T

The contents of the register RA or 0, if the RA field is 0.

A four-bit object used to store condition results in compare instructions.
The bit or bit value b is replicated n times.
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XX

CEIL(x)
EXTS(x)
PC
RESERVE

CIA

NIA

MS(addr, n)
EA
EA,

EApp
ROTL((RS).n)

MASK(MB,ME})

instruction(EA)

Bit positions which are don't-cares.

Least integer > x.

The result of extending x on the left with sign bits.
Program counter.

Reserve bit; indicates whether a process has reserved a block of
storage.

Current instruction address; the 32-bit address of the instruction being
described by a sequence of pseudocode. This address is used to set the
next instruction address (NIA). Does not correspond to any architected
register.

Next instruction address; the 32-bit address of the next instruction to be
executed. In pseudocode, a successful branch is indicated by assigning
a value to NIA. For instructions that do not branch, the NIA is CIA +4.

The number of bytes represented by n at the location in main storage
represented by ador.

Effective address; the 32-bit address, derived by applying indexing or
indirect addressing rules to the specified operand, that specifies an
location in main storage.

A bit in an effective address.
A range of bits in an effective address.

Rotate left; the contents of RS are shifted left the number of bits
specified by n.

Mask having 1s in positions MB through ME (wrapping if MB > ME) and
Os elsewhere.

An instruction operating on a data or instruction cache block associated
with an EA.
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24.3.1 Operator Precedence
Table 24-2 lists the pseudocode operators and their associativity in descending order of precedence:

Table 24-2. Operator Precedence

Operators Associativity

REGy, REGIFLD], function Left to right
evaluation

nb Right to left
—, — (unary minus) Right to left
X, + Left to right
+, = Left to right
Il Left to right
= #4585 Left to right
AP Left to right
Y Left to right
« None

24.4 Register Usage

Each instruction description lists the registers altered by the instruction. Some register changes are
explicitly detailed in the instruction description (for example, the target register of a load instruction).
Other registers are changed, with the details of the change not included in the instruction description.
This category frequently includes the Condition Register (CR) and the Fixed-point Exception Register
(XER). For discussion of the CR, see “Condition Register (CR)” on page 3-12. For discussion of XER,
see “Fixed Point Exception Register (XER)” on page 3-8.

24.5 Alphabetical Instruction Listing

The following pages list the instructions available in the PPC405GP in alphabetical order.
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add

Add

add RT, RA, RB OE=0, Rc=0

add. RT, RA, RB OE=0, Re=1

addo RT, RA, RB OE=1, Rc=0

addo. RT, RA, RB OE=1, Rc=1

] 31 I RT RA RB |OE| 266 lncl
0 6 11 16 21 22 31

(RT) « (RA) + (RB) .
The sum of the contents of register RA and the contents of register RB is placed into register RT.

Registers Altered

* RT

* CRICRO].T, o7, EQ, s0 if Rc contains 1
» XER[SO, OV] if OE contains 1

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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addc

Add Carrying
addc RT, RA, RB OE=0, Rc=0
- adde. RT, RA, RB OE=0, Re=1
addco RT, RA, RB OE=1, Rc=0
addco. RT, RA, RB QOE=1, Rc=1
| 31 | RT RA RB 10 |Rc|
0 6 11 16 31

(RT) « (RA) + (RB)

if (RA) + (RB) & 2%2 -1 then
XER[CA] « 1

else
XER[CA] <0

The sum of the contents of register RA and register RB is placed into register RT.

XERI[CA] is set to a value determined by the unsigned magnitude of the result of the add operation.

Registers Altered
* RT
* XER[CA]

* CRICRO].t aT, EQ, so if Re contains 1
* XER[SO, OV] if OE contains 1

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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adde

Add Extended

adde RT, RA, RB OE=0, Rc=0

adde. RT, RA, RB OE=0, Re=1

addeo RT, RA, RB OE=1, Rc=0

addeo. RT, RA, RB OE=1,Rc=1

| . 3 | RT | RA RB |OE| 138 |Rc|
0 6 11 16 21 22 31

(RT) « (RA) + (RB) + XER[CA]

if (RA) + (RB) + XER[CA] ¥ 2% - 1 then
XER[CA] « 1

else
XER[CA] « 0

The sum of the contents of register RA, register RB, and XER[CA] is placed into register RT.
XER[CA|] is set to a value determined by the unsigned magnitude of the result of the add operation.

Registers Altered

e RT

o XERI[CA]

* CRI[CRO]LT, g7, £Q, so if Re contains 1
* XER[SO, OV] if OE contains 1

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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addi

Add Immediate

addi RT, RA, IM

(RT) « (RAIO) + EXTS(IM)
If the RA field is 0, the IM field, sign-extended to 32 bits, is placed into register RT.

If the RA field is nonzero, the sum of the contents of register RA and the contents of the IM field, sign-
extended to 32 bits, is placed into register RT.

Registers Altered

* RT

Programming Note ‘

To place an immediate, sign-extended value into the GPR specified by RT, set RA = 0.
Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-3. Extended Mnemonics for addi

Other Registers
Mnemonic | Operands Function Altered

la RT, D(RA) Load address (RA = 0); D is an offset from a base
address that is assumed to be (RA).
(RT) « (RA) + EXTS(D)

Extended mnemonic for

addiRT,RA,D

li RT, IM Load immediate.

(RT) « EXTS(IM)
Extended mnemonic for
addi RT,0,IM

subi RT, RA, IM Subtract EXTS(IM) from (RAIO).
Place result in RT.

Extended mnemonic for

addi RT,RA,-IM
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addic

Add Immediate Carrying

addic RT, RA, IM

(RT) « (RA) + EXTS(IM)

if (RA) + EXTS(IM) £ 2%2—1 then
XER[CA] « 1

else
XER[CA] « 0

The sum of the contents of register RA and the contents of the IM field, sign-extended to 32 bits, is
placed into register RT.

XERI[CA] is set to a value determined by the unsigned magnitude of the result of the add operation.

Registers Altered
e RT
» XER[CA]

Architecture Note
This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-4. Extended Mnemonics for addic

Other Registers

Mnemonic | Operands Function Altered
subic RT, RA, IM Subtract EXTS(IM) from (RA)
Place result in RT; place carry-out in XER[CA].
Extended mnemonic for

addic RT,RA,-IM
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addic.

Add Immediate Carrying and Record

addic. RT, RA, IM

13 | RT RA M

(RT) « (RA) + EXTS(IM)

if (RA) + EXTS(IM) & 2%2 -1 then
XER[CA] « 1

else
XER[CA] < 0

The sum of the contents of register RA and the contents of the IM field, sign-extended to 32 bits, is
placed into register RT.

XER[CA] is set to a value determined by the unsigned magnitude of the result of the add operation.
Registers Altered

* RT

* XER[CA]

* CRICROIy, 6T, EQ, SO

Programming Note

addic. is one of three instructions that implicitly update CR[CRO] without having an RC field. The
other instructions are andi. and andis..

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-5. Extended Mnemonics for addic.

Other Registers
Mnemonic | Operands Function Altered
subic. RT, RA, IM Subtract EXTS(IM) from (RA). CRI[CRO]
Place result in RT; place carry-out in XER[CA].
Extended mnemonic for

addic. RT,RA,-IM
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addis

Add Immediate Shifted

addis RT, RA, IM

15 RT RA M

(RT) « (RAIO) + (IM || '60)

If the RA field is 0, the IM field is concatenated on its right with sixteen 0-bits and placed into register
RT.

If the RA field is nonzero, the contents of register RA are added to the contents of the extended IM
field. The sum is stored into register RT.

Registers Altered
* RT
Programming Note

An addi instruction stores a sign-extended 16-bit value in a GPR. An addis instruction followed by an
ori instruction stores an arbitrary 32-bit value in a GPR, as shown in the following example:

addis RT, 0, high 16 bits of value
ori RT, RT, low 16 bits of value

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-6. Extended Mnemonics for addis

Other Registers

Mnemonic | Operands Function Altered
RT, IM Load immediate shifted.
(RT) « (IM || "°0)
Extended mnemonic for
lis addis RT,0,IM

RT, RA, IM | Subtract (IM || '60) from (RAIO).
Place result in RT.

Extended mnemonic for
subis addis RT,RA,~IM
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addme
Add to Minus One Extended

addme RT, RA OE=0, Rc=0

addme. RT, RA OE=0, Rc=1

addmeo RT, RA OE=1, Rc=0

addmeo. RT, RA .OE=1, Rec=1

| 31 | RT ] RA IOEI 234 |Rc|
0 6 11 16 21 22 31

(RT) « (RA) + XER[CA] + (-1)

if (RA) + XER[CA] + OXFFFF FFFF 4 2%2—1 then
XER[CA] 1

else
XER[CA] « 0

The sum of the contents of register RA, XER[CA], and ~1 is placed into register RT.

XERI[CA] is set to a value determined by the unsigned magnitude of the result of the add operation.
Registers Altered

e AT

+ XER[CA]

* CR[CRO]T, oT, EQ, s0 if Re contains 1
e XERI[SO, OV] if OE contains 1

Invalid Instruction Forms

¢ Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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addze

Add to Zero Extended

addze RT, RA OE=0, Rc=0

addze. RT, RA OE=0, Rc=1

addzeo RT, RA OE=1, Rc=0

addzeo. RT, RA OE=1, Rc=1

| 31 | RT RA 202 | Rc|
0 6 11 31

(RT) « (RA) + XER[CA]

if (RA) + XER[CA] & 2%2—1 then
XER[CA] < 1

else
XER[CA] <0

The sum of the contents of register RA and XER[CA] is placed into register RT.

XERI[CA] is set to a value determined by the unsigned magnitude of the result of the add operation.
Registers Altered

« RT

+ XERI[CA]

* CRICRO].T, aT, EQ, so if Re contains 1
¢ XER[SO, OV] if OE contains 1

Invalid Instruction Forms
¢ Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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and

AND
and RA, RS, RB Rc=0
and. RA, RS, RB Rc=1
| 3 | RS RA RB 28 | e
0 6 1 16 21 31
(RA) « (RS) A (RB)

The contents of register RS are ANDed with the contents of register RB; the result is placed into
register RA.
Registers Altered
* RA
4 CR[CRO]LT’ GT, EQ, SO if Rc contains 1
Architecture Note '
This instruction is part of the PowerPC User Instruction Set Architecture.
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andc

AND with Complement

andc RA,RS,RB Rc=0

andc. RA,RS,RB Rec=1

’ 31 | RS | RA RB 60 | Rcl
0 6 11 16 21 2 31

(RA) « (RS) A —(RB)

The contents of register RS are ANDed with the ones complement of the contents of register RB; the
result is placed into register RA.

Registers Altered
* RA
* CRICRO]L7, a7, EQ, so if Rc contains 1

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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andi.
AND Immediate

andi. RA, RS, IM

(RA) « (RS) A (60 || IM)

The IM field is extended to 32 bits by concatenating 16 0-bits on its left. The contents of register RS is
ANDed with the extended IM field; the result is placed into register RA.

Registers Altered

* RA

* CR[CROLy, a7, EQ, S0

Programming Note

The andi. instruction can test whether any of the 16 least-significant bits in a GPR are 1-bits.

andi. is one of three instructions that implicitly update CR[CRO] without having an Rc field. The other
instructions are addic. and andis..

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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andis.
AND Immediate Shifted

andis. RA, RS, IM

(RA) « (RS) A (IM || '60)

The IM field is extended to 32 bits by concatenating 16 0-bits on its right. The contents of register RS
are ANDed with the extended IM field; the result is placed into register RA. .

Registers Altered

* RA

* CRICROl1, T, EQ, SO

Programming Note

The andis. instruction can test whether any of the 16 most-significant bits in a GPR are 1-bits.

andis. is one of three instructions that implicitly update CR[CRO] without having an Rc field. The other
instructions are addic. and andi..

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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b

Branch
b target AA=0, LK=0
ba target AA=1, LK=0
bl target AA=0, LK=1
bla target AA=1, LK=1

18 u lMI"KI

0 6 30 31

If AA = 1 then

Ll ¢ targetg.og

NIA « EXTS(LI || 20)
else

LI « (target— ClA)g.o9

NIA « CIA + EXTS(LI || %0)
if LK = 1 then

(LR) < CIA + 4
PC « NIA

The next instruction address (NIA) is the effective address of the branch. The NIA is formed by adding
a displacement to a base address. The displacement is obtained by concatenating two 0-bits to the
right of the LI field and sign-extending the result to 32 bits.

If the AA field contains 0, the base address is the address of the branch instruction, which is also the
current instruction address (CIA). If the AA field contains 1, the base address is 0.

Program flow is transferred to the NIA.

If the LK field contains 1, then (CIA + 4) is placed into the LR.

Registers Altered
¢ LR if LK contains 1

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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bc

Branch Conditional

be BO, BI, target AA=0, LK=0
beca BO, BI, target AA=1,LK=0
bel BO, BI, target . AA=0, LK=1
bcla BO, BI, target AA=1, LK=1
16 BO BI BD lAA|LK‘
(] 6 1 16 30 31
if BOo = Othen

CTR « CTR - 1
if 8B0p =1 v ((CTR = 0) = BOg)) A(BOg = 1 v (CRg = BOy)) then
if AA = 1 then
BD <« targetyg.0g
NIA « EXTS(BD || 20)
else
BD « (target — C'A)16:29
NIA « CIA + EXTS(BD || 20)
else
NIA « CIA + 4
if LK = 1 then
(LR) « CIA + 4
PC « NIA

If bit 2 of the BO field contains 0, the CTR decrements.

The Bl field specifies a bit in the CR to be used as the condition of the branch.

The next instruction address (NIA) is the effective address of the branch. The NIA is formed by adding
a displacement to a base address. The displacement is obtained by concatenating two 0-bits to the

rig

ht of the BD field and sign-extending the result to 32 bits.

If the AA field contains 0, the base address is the address of the branch instruction, which is also the

current instruction address (CIA). If the AA field contains 1, the base address is 0.

The BO field controls options that determine when program flow is transferred to the NIA. The BO
field also controls branch prediction, a performance-improvement feature. See “Branch Prediction” on
page 3-36 for a complete discussion.

Ift

he LK field contains 1, then (CIA + 4) is placed into the LR.

Registers Altered
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Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.

bc

Branch Conditional

Table 24-7. Extended Mnemonics for bc, bea, bcl, bela

Mnemonic

Operands

Function

Other Registers
Altered

bdnz

bdnza

bdnzl

bdnzla

target

Decrement CTR; branch if CTR = 0.
Extended mnemonic for
bec 16,0,target

Extended mnemonic for
bca 16,0,target

Extended mnemonic for
bel 16,0,target

(LR) < CIA + 4.

Extended mnemonic for
bcla 16,0,target

(LR) < CIA + 4.

bdnzf

bdnzfa

bdnzfl

bdnzfla

cr_bit, target

Decrement CTR.

Branch if CTR = 0 AND CRg, pit=0.
Extended mnemonic for

" be 0,cr_bit,target

Extended mnemonic for
bea 0,cr_bit,target

Extended mnemonic for
bel 0,cr_bit,target

(LR) < CIA + 4.

Extended mnemonic for
bela 0,cr_bittarget

(LR) < CIA + 4.

bdnzt

bdnzta

bdnzti

bdnztla

cr_bit, target

Decrement CTR.

Branch if CTR # 0 AND CR¢;, pi=1.
Extended mnemonic for
bc 8,cr_bit,target

Extended mnemonic for
bea 8,cr_bit,target

Extended mnemonic for
bel 8,cr_bit,target

(LR) < CIA + 4.

Extended mnemonic for
bcla 8,cr_bit,target

T(LR) < CIA + 4.

bdz

bdza

bdzl

bdzla

target

Decrement CTR; branch if CTR = 0.
Extended mnemonic for
bc 18,0,target

Extended mnemonic for
bca 18,0,target

Extended mnemonic for
bcl 18,0,target

(LR) « CIA + 4.

Extended mnemonic for
bcla 18,0,target

(LR) < CIA + 4.
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bec

Branch Conditionalv

Table 24-7. Extended Mnemonics for bc, bea, bcel, bela (continued)

Other Registers
Mnemonic | Operands Function Altered
bdzf cr_bit, target | Decrement CTR
Branch if CTR = 0 AND CR; 1, =0.
Extended mnemonic for
be 2,cr_bit,target
bdzfa Extended mnemonic for.
bea 2,cr_bit,target
bdzfl Extended mnemonic for (LR) « CIA + 4.
bel 2,cr_bit,target
bdzfia Extended mnemonic for (LR) « CIA + 4.
bela 2,cr_bit,target
bdzt cr_bit, target | Decrement CTR.
Branch if CTR = 0 AND CR, pi = 1.
Extended mnemonic for
bc 10,cr_bit,target
bdzta Extended mnemonic for
bca 10,cr_bit,target
bdztl Extended mnemonic for (LR) < CIA + 4.
bcl 10,cr_bit,target
bdztla Extended mnemonic for (LR) « CIA + 4.
bela 10,cr_bit,target
beq [er_field,] Branch if equal. )
target Use CRO if cr_field is omitted.
Extended mnemonic for
bec 12,4xcr_field+2,target
beqga Extended mnemonic for
bca 12,4xcr_field+2,target
beql Extended mnemonic for (LR) « CIA + 4.
bel 12,4+cr_field+2,target
begla Extended mnemonic for (LR) <« CIA + 4.
bcla 12,4+«cr_field+2,target
bf cr_bit, target | Branch if CR¢, pjt = 0.
Extended mnemonic for
be 4,cr_bit,target
bfa Extended mnemonic for
bca 4,cr_bit,target
bfl Extended mnemonic for LR
bel 4,cr_bit,target
bfla Extended mnemonic for LR
bcla 4,cr_bit,target
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bec

Branch Conditional

Table 24-7. Extended Mnemonics for bc, bea, bcel, bela (continued)

Mnemonic

Operands

Function

Other Registers

Altered

bge

[cr_field,]
target

bgea

bgel

bgela

Branch if greater than or equal.
Use CRO if cr_field is omitted.
Extended mnemonic for
be 4,4xcr_field+0,target

Extended mnemonic for
bca 4,4+cr_field+0,target

Extended mnemonic for
bel 4,4+cr_field+0,target

LR

Extended mnemonic for
bcla 4,4xcr_field+0,target

LR

bgt

[cr_field,]
target

bgta

bgtl

bgtla

Branch if greater than.

Use CRO if cr_field is omitted.
Extended mnemonic for
bec 12,4xcr_field+1,target

Extended mnemonic for
bca 12,4*cr_field+1,target

Extended mnemonic for
bel 12,4xcr_field+1,target

LR

Extended mnemonic for
bela 12,4+cr_field+1,target

LR

ble

[cr_field,]
target

blea

blel

blela

Branch if less than or equal.
Use CRQO if cr_field is omitted.
Extended mnemonic for
bc 4,4+cr_field+1,target

Extended mnemonic for
bca 4,4xcr_field+1,target

Extended mnemonic for
bcel 4,4«cr_field+1,target

LR

Extended mnemonic for
bcla 4,4xcr_field+1,target

LR

bit

[er_field,]
target

blta

biti

bitla

Branch if less than

_ Use CRO if cr_field is omitted.

Extended mnemonic for
bc 12,4xcr_field+0,target

Extended mnemonic for
beca 12,4+cr_field+0,target

Extended mnemonic for
bel 12,4+cr_field+0,target

(LR) « CIA + 4.

Extended mnemonic for
bela 12,4+xcr_field+0,target

(LR) < CIA + 4.
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bec

Branch Conditional

Table 24-7. Extended Mnemonics for be, bea, bel, bela (continued)

Other Registers
Mnemonic | Operands Function Altered
bne [cr_field,] Branch if not equal.
target Use CRQ if cr_field is omitted.
Extended mnemonic for
be 4,4+cr_fleld+2,target
bnea Extended mnemonic for
bca 4,4+cr_field+2,target
bnel Extended mnemonic for (LR) <~ CIA + 4.
‘ bel 4,4*cr_field+2,target
bnela Extended mnemonic for (LR) < CIA + 4.
bcla 4,4xcr_fleld+2,target
bng [er_field,] Branch if not greater than.
target Use CRO if cr_field is omitted.
Extended mnemonic for
be 4,4+cr_field+1,target
bnga Extended mnemonic for
bca 4,4+cr_field+1,target
bngl Extended mnemonic for (LR) « CIA + 4.
bel 4,4+«cr_field+1,target
bngla Extended mnemonic for (LR) « CIA + 4.
bcla 4,4+cr_field+1,target
bnl [cr_tield,] Branch if not less than; use CRO if cr_field is omitted.
target Extended mnemonic for
bc 4,4+cr_field+0,target
bnla Extended mnemonic for
bca 4,4+cr_field+0,target
bnll Extended mnemonic for (LR) « CIA + 4.
bel 4,4+cr_field+0,target
bnlla Extended mnemonic for (LR) < CIA + 4.
bcla 4,4«cr_field+0,target
bns [cr_field,] Branch if not summary overflow.
target Use CRO if cr_field is omitted.
Extended mnemonic for
be 4,4+cr_field+3,target
bnsa Extended mnemonic for
bca 4,4+cr_field+3,target
bnsl Extended mnemonic for (LR) < CIA + 4.
bel 4,4+cr_fleld+3,target
bnsla Extended mnemonic for (LR) « CIA + 4.
bcla 4,4+cr_field+3,target
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bec

Branch Conditional

Table 24-7. Extended Mnemonics for bc, bca, bcl, bela (continued)

Mnemonic

Operands

Function

Other Registers
Altered

bnu

[cr_field,]
target

bnua

bnul

bnula

Branch if not unordered.

Use CRQO if cr_field is omitted.
Extended mnemonic for
be 4,4+cr_field+3,target

Extended mnemonic for
bca 4,4xcr_field+3,target

Extended mnemonic for
bel 4,4+cr_field+3,target

(LR) < CIA + 4.

Extended mnemonic for
bcla 4,4+cr_field+3,target

(LR) < CIA + 4.

bso

[cr_field,]
target

bsoa

bsol

bsola

Branch if summary overflow.
Use CRO if cr_field is omitted.
Extended mnemonic for
be 12,4+«cr_field+3,target

Extended mnemonic for
bca 12,4+cr_field+3,target

Extended mnemonic for
bel 12,4=cr_field+3,target

(LR) < CIA + 4.

Extended mnemonic for
bcla 12,4«cr_field+3,target

(LR) < CIA + 4.

bt

cr_bit, target

bta

btl

btla

Branch if CRg_pit = 1.
Extended mnemonic for
be 12,cr_bit,target

Extended mnemonic for
bca 12,cr_bit,target

Extended mnemonic for
bel 12,cr_bit,target

(LR) « CIA + 4.

Extended mnemonic for
bela 12,cr_bit,target

(LR) « CIA + 4.

bun

[cr_field],
target

buna

bunl

bunla

Branch if unordered.

Use CRO if cr_field is omitted.
Extended mnemonic for
be 12,4+cr_field+3,target

Extended mnemonic for
beca 12,4«cr_field+3,target

Extended mnemonic for
bel 12,4xcr_field+3,target

(LR) < CIA + 4.

Extended mnemonic for
bcla 12,4+cr_field+3,target

(LR) <~ CIA + 4.
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bcetr

Branch Conditional to Count Register

beetr BO, BI LK=0
bectrl BO, Bl LK=1

19 BO Bl 528 |u<|

31

if BO; = Othen
CTR <~ CTR -1
if (BOp =1 v ((CTR = 0) = BO3)) A(BOg = 1 v (CRg = BOy)) then
NIA « CTHOzgg || 20
else
NIA < CIA + 4
if LK = 1 then
(LRy « CIA + 4
PC « NIA

The Bl field specifies a bit in the CR to be used as the condition of the branch.

The next instruction address (NIA) is the target address of the branch. The NIA is formed by
concatenating the 30 most significant bits of the CTR with two 0-bits on the right.

The BO field controls options that determine when program flow is transferred to the NIA. The BO
field also controls branch prediction, a performance-improvement feature. See “Branch Prediction” on
page 3-36 for a complete discussion.

If the LK field contains 1, then (CIA + 4) is placed into the LR.

Registers Altered

* CTRif BO, contains 0

* LR if LK contains 1

Invalid Instruction Forms

¢ Reserved fields

« If bit 2 of the BO field contains 0, the instruction form is invalid, but the pseudocode applies. If the
branch condition is true, the branch is taken; the NIA is the contents of the CTR after it is
decremented. '

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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bectr

Branch Conditional to Count Register

Table 24-8. Extended Mnemonics for bectr, becetrl

Mnemonic

Operands

Function

Other Registers
Altered

betr

betrl

Branch unconditionally to address in CTR.
Extended mnemonic for
beetr 20,0

Extended mnemonic for
bectrl 20,0

(LR) < CIA + 4.

beqctr

beqetrl

[er_field]

Branch, if equal, to address in CTR
Use CRO if cr_field is omitted.
Extended mnemonic for
beetr 12,4+cr_field+2

Extended mnemonic for
becetrl 12,4*cr_field+2

(LR) < CIA + 4.

bfctr

bfctrl

cr_bit

Branch, if CR¢, pt = 0, to address in CTR.
Extended mnemonic for
‘bectr 4,cr_bit

Extended mnemonic for
bectrl 4,cr_bit

(LR) « CIA + 4.

bgectr

bgectrl

[cr_field]

Branch, if greater than or equal, to address in CTR.

Use CRO if cr_field is omitted.
Extended mnemonic for
becetr 4,4+cr_field+0

Extended mnemonic for
becetrl 4,4+cr_field+0

(LR) < CIA + 4.

bgtctr

bgtctrl

[cr_field]

Branch, if greater than, to address in CTR.
Use CRO if cr_field is omitted.

Extended mnemonic for

beetr 12,4+cr_field+1

Extended mnemonic for
beetrt 12,4+«cr_field+1

(LR) < CIA + 4.

blectr

blectrl

[cr_field]

Branch, if less than or equal, to address in CTR.
Use CRO if cr_field is omitted.

Extended mnemonic for

becetr 4,4+cr_field+1

Extended mnemonic for
beetrl 4,4+cr_field+1

(LR) « CIA + 4.

bltctr

bitetrl

[cr_field]

Branch, if less than, to address in CTR.
Use CRO if cr_field is omitted.
Extended mnemonic for
becetr 12,4+«cr_field+0

Extended mnemonic for
beetrl 12,4+cr_field+0

(LR) « CIA + 4.
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bectr

Branch Conditional to Count Register

Table 24-8. Extended Mnemonics for bectr, beetrl (continued)

Mnemonic

Operands

Function

Other Registers
Altered

bnectr

bnectrl

[cr_field]

Branch, if not equal, to address in CTR.
Use CRO if cr_field is omitted.
Extended mnemonic for
becetr 4,4xcr_field+2

Extended mnemonic for
beetrl 4,4+cr_field+2

(LR) < CIA + 4.

bngctr

bngetri

[cr_field]

Branch, if not greater than, to address in CTR.
Use CRO if cr_field is omitted.

Extended mnemonic for

becetr 4,4+cr_field+1

Extended mnemonic for
beetrl 4,4+«cr_field+1

(LR) « CIA + 4.

bnlctr

bnlctrl

[cr_field]

Branch, if not less than, to address in CTR.
Use CRO if cr_field is omitted.

Extended mnemonic for

bectr 4,4«cr_field+0

Extended mnemonic for
beetrl 4,4+cr_field+0

(LR) « CIA + 4,

bnsctr

bnsctrl

[cr_field]

Branch, if not summary overflow, to address in CTR.
Use CRQO if cr_field is omitted.

Extended mnemonic for

becetr 4,4+cr_field+3

Extended mnemonic for
beetrl 4,4+cr_field+3

(LR) « CIA + 4.

bnuctr

bnuctrl

[cr_field]

Branch, if not unordered, to address in CTR; use CRO
if cr_field is omitted.

Extended mnemonic for

beetr 4,4+«cr_field+3

Extended mnemonic for
beetrl 4,4x+cr_field+3

(LR) < CIA + 4.

bsoctr

bsoctri

[er_field]

Branch, if summary overflow, to address in CTR.
Use CRO if cr_field is omitted.

Extended mnemonic for

beetr 12,4+cr_field+3'

Extended mnemonic for
becetrl 12,4+cr_field+3

(LR) « CIA + 4.

btctr

btctrl

cr_bit

Branch if CR,, it = 1 to address in CTR.
Extended mnemonic for
beetr 12,cr_bit

Extended mnemonic for
beetrl 12,cr_bit

(LR) « CIA + 4.
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becetr

Branch Conditional to Count Register

Table 24-8. Extended Mnemonics for becetr, becetrl (continued)

Mnemonic

Operands

Function

Other Registers
Altered

bunctr

bunctrl

[er_field]

Branch if unordered to address in CTR.
Use CRO if cr_field is omitted.
Extended mnemonic for
becetr 12,4+cr_field+3

Extended mnemonic for
beetrl 12,4xcr_field+3

(LR) < CIA + 4.
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belr

Branch Conditional to Link Register

belr BO, BI LK=0
belrl BO, Bl v LK =1
[ 19 BO BI 16 ]LK[
0 6 11 31
if BOo = 0 then

CTR « CTR - 1
if, (BOp =1 v {(CTR = 0} = BO3)) A(BOg = 1 v (CRg; = BO4)) then
NIA « LHo:zg Il 20
else
NIA < CIA + 4
if LK =1 then
(LR) <« CIA + 4
PC « NIA

If bit 2 of the BO field contains 0, the CTR is decremented.

The BI field specifies a bit in the CR to be used as the condition of the branch.

The next instruction address (NIA) is the target address of the branch. The NIA is formed by

concatenating the 30 most significant bits of the LR with two O-bits on the right.

The BO field controls options that determine when program flow is transferred to the NIA. The BO

field also controls branch prediction, a performance-improvement feature. See “Branch Prediction” on

page 3-36 for a complete discussion.
If the LK field contains 1, then (CIA + 4) is placed into the LR.

Registers Altered

* CTRf BO, contains 0
* LRif LK contains 1

Invalid Instruction Forms
* Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-9. Extended Mnemonics for bclr, beirl

Other Registers
Mnemonic | Operands Function Altered
bir Branch unconditionally to address in LR.
Extended mnemonic for
belr 20,0
blrl Extended mnemonic for (LR) < CIA + 4.
beirl 20,0 .

24-30 PPC405GP User's Manual Preliminary



belr

Branch Conditional to Link Register

Table 24-9. Extended Mnemonics for bcelir, belrl (continued)

Mnemonic

Operands

Function

Other Registers
Altered

bdnzir

bdnzirl

Decrement CTR.

Branch if CTR # 0 to address in LR.
Extended mnemonic for
bclr 16,0

Extended mnemonic for
belrl 16,0

(LR) « CIA + 4.

bdnzflr

bdnzfirl

cr_bit

Decrement CTR.

Branch if CTR 0 AND CR, p;; = 0 to address in LR.

Extended mnemonic for
belr 0,cr_bit

Extended mnemonic for
belrl 0,cr_bit

(LR) < CIA + 4.

bdnztir

bdnztlirl

cr_bit

Decrement CTR.

Branch if CTR # 0 AND CR, p; = 1 to address in LR.

Extended mnemonic for
belr 8,cr_bit

Extended mnemonic for
belrl 8,cr_bit

(LR) « CIA + 4.

bdzir

bdzlrl

Decrement CTR.

Branch if CTR = 0 to address in LR.
Extended mnemonic for
belr 18,0

Extended mnemonic for
beirl 18,0

(LR) « CIA + 4.

bdzfir

bdzfirl

cr_bit

Decrement CTR.

Branch if CTR = 0 AND CRg; p;; = 0 to address in LR.

Extended mnemonic for
belr 2,cr_bit

Extended mnemonic for
belrl 2,cr_bit

(LR) « CIA + 4.

bdztir

bdztiri

cr_bit

Decrement CTR.

Branch if CTR = 0 AND CR,; p; = 1 to address in LR.

Extended mnemonic for
belr 10,cr_bit

Extended mnemonic for
belrl 10,cr_bit

(LR) < CIA + 4.

beqir

beqirl

[cr_field]

Branch if equal to address in LR.
Use CRO if cr_field is omitted.
Extended mnemonic for
belr 12,4+cr_field+2

Extended mnemonic for
belrl 12,4xcr_field+2

(LR) « CIA + 4.
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belr

Branch Conditional to Link‘Register

Table 24-9. Extended Mnemonics for bclr, belrl (continued)

Mnemonic

Operands

Function

Other Registers
Altered

bfir

bfirl

cr_bit

Branch if CR¢, it = 0 to address in LR.
Extended mnemonic for
belr 4,cr_bit

Extended mnemonic for
belrl 4,cr_bit

(LR) < CIA + 4.

bgelr

bgelrl

[cr_field)

Branch, if greater than or equal, to address in LR.

Use CRO if cr_field is omitted.
Extended mnemonic for
belr 4,4xcr_field+0

Extended mnemonic for
belrl 4,4+cr_field+0

(LR) « CIA + 4.

bgtir

bgtirl

[cr_field]

Branch, if greater than, to address in LR.
Use CRO if cr_field is omitted.

Extended mnemonic for

belr 12,4*cr_field+1

Extended mnemonic for
belrl 12,4xcr_field+1

(LR) < CIA + 4,

blelr

blelrl

[cr_field]

Branch, if less than or equal, to address in LR.
Use CRO if cr_field is omitted.

Extended mnemonic for

bclr 4,4+cr_field+1

Extended mnemonic for
beirl 4,4+cr_field+1

(LR) < CIA + 4.

bitir

bitirl

[er_field]

Branch, if less than, to address in LR.
Use CRO if cr_field is omitted.
Extended mnemonic for
beir 12,4*cr_field+0

Extended mnemonic for
belrl 12,4%cr_field+0

(LR) « CIA + 4.

bnelr

bnelrl

[er_field)

Branch, if not equal, to address in LR.
Use CRO if cr_field is omitted.
Extended mnemonic for
belr 4,4+cr_field+2

Extended mnemonic for
belrl 4,4+cr_field+2

(LR) < CIA + 4.

bnglr

bnglrl

[cr_field]

Branch, if not greater than, to address in LR.
Use CRQO if cr_field is omitted.

Extended mnemonic for

belr 4,4xcr_field+1

Extended mnemonic for
belrl 4,4+cr_field+1

(LR) < CIA + 4.
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belr

Branch Conditional to Link Register

Table 24-9. Extended Mnemonics for bclr, belrl (continued)

Mnemonic

Operands

Function

Other Registers
Altered

bnillr

bnlirl

[cr_field]

Branch, if not less than, to address in LR.
Use CRO if cr_field is omitted.

Extended mnemonic for

belr 4,4+cr_field+0

Extended mnemonic for
bceirl 4,4+cr_fleld+0

(LR) « CIA + 4.

bnsir

bnsirl

[cr_field]

Branch if not summary overflow to address in LR.

Use CRO if cr_field is omitted.
Extended mnemonic for
belr 4,4+cr_field+3

Extended mnemonic for
belrl 4,4xcr_field+3

(LR) < CIA + 4.

bnulr

bnulrl

[cr_field]

Branch if not unordered to address in LR.
Use CRO if cr_field is omitted.

Extended mnemonic for

belr 4,4+xcr_field+3

Extended mnemonic for
belrl 4,4+cr_field+3

(LR) < CIA + 4.

bsolr

bsolrl

[cr_field]

Branch if summary overflow to address in LR.

Use CRO if cr_field is omitted.
Extended mnemonic for
belr 12,4*cr_field+3

Extended mnemonic for
belrl 12,4xcr_field+3

(LR) < CIA + 4.

btlr

btirl

cr_bit

Branch if CRg, pyy = 1 to address in LR.
Extended mnemonic for
belr 12,cr_bit

Extended mnemonic for
belrl 12,cr_bit

(LR) « CIA + 4.

bunir

bunirl

[er_field]

Branch if unordered to address in LR.
Use CRO if cr_field is omitted.
Extended mnemonic for
belr 12,4+cr_field+3

Extended mnemonic for
belrl 12,4xcr_field+3

(LR) « CIA + 4.
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cmp

Compare
cmp BF, 0, RA, RB
| 31 RA _ RB l 0
0 16 21
Co:3 ¢ 40

if (RA) < (RB)thencg <1
if (RA) > (RB)thencqy 1
if (RA) = (RB)thenco « 1
c3 < XER[SO]

n« BF

CRI[CRn] « cp.3

The contents of register RA are compared with the contents of register RB using a 32-bit signed
compare.

The CR field specified by the BF field is updated to reflect the results of the compare and the value of
XER[SO] is placed into the same CR field.

If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.
Registers Altered

* CR[CRn] where nis specified by the BF field

Invalid Instruction Forms

* Reserved fields

Programming Note

The PowerPC Architecture defines this instruction as emp BF,L,RA,RB, where L selects operand
size for 64-bit PowerPC implementations. For all 32-bit PowerPC implementations, L = 0 is required
(L =1 is an invalid form); hence for PPC405GP, use of the extended mnemonic cmpw BF,RA,RB is
recommended. ‘

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-10. Extended Mnemonics for cmp

Other Registers
Mnemonic | Operands Function Altered
cmpw [BF] RA, RB | Compare Word; use CRO if BF is omitted.
Extended mnemonic for
cmp BF,0,RA,RB
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cmpi

Compare Immediate

cmpi BF, 0, RA, IM

I 1 B RA M i

0 6 9 1 16 A

Co:3 < 40

if (RA) < EXTS(IM) then cg < 1
if (RA) > EXTS(IM)thency « 1
it (RA) = EXTS(IM) thency « 1
c3 ¢~ XER[SQ]

n < BF

CRICRn] ¢« cg3

The IM field is sign-extended to 32 bits. The contents of register RA are compared with the extended
IM field, using a 32-bit signed compare. '

The CR field specified by the BF field is updated to reflect the results of the compare and the value of
XER[SO] is placed into the same CR field.

Registers Altered

* CRI[CRn] where nis specified by the BF field
Invalid Instruction Forms

* Reserved fields

Programming Note

The PowerPC Architecture defines this instruction as empi BF,L,RA,IM, where L selects operand
size for 64-bit PowerPC implementations. For all 32-bit PowerPC implementations, L = O is required
(L = 1is an invalid form); hence for the PPC405GP, use of the extended mnemonic cmpwi BF,RA,IM
is recommended.

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-11. Extended Mnemonics for cmpi

Other Registers
Mnemonic Operands Function Altered

cmpwi [BE]RA, IM Compare Word Immediate.

Use CRO if BF is omitted.
Extended mnemonic for
cmpi BF,0,RA,IM
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cmpl

Compare Logical

cmpl BF, 0, RA, RB

| 31 | BF |§; !

Co:3 ¢ 40

if (RA) < (RB)thency « 1
if (RA) > (RB)thency « 1
if (RA) = (RB)thenc, « 1
¢3 < XER[SO]

n <« BF

CRICRN] « ¢p.3

The contents of register RA are compared with the contents of register RB, using a 32-bit unsigned
compare. .

The CR field specified by the BF field is updated to reflect the results of the compare and the value of
XERI[SOQ] is placed into the same CR field.

If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.

Registers Altered
¢ CRI[CRn] where n s specified by the BF field

Invalid Instruction Forms
* Reserved fields

Programming Notes

The PowerPC Architecture defines this instruction as empl BF,L,RA,RB, where L selects operand
size for 64-bit PowerPC implementations. For all 32-bit PowerPC implementations, L = 0 is required
(L = 1 is an invalid form); hence for PPC405GP, use of the extended mnemonic cmplw BF,RA,RB is
recommended.

Architecture Note
This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-12. Extended Mnemonics for cmpl

Other Registers
Mnemonic | Operands Function Altered

cmplw [BF] RA, RB | Compare Logical Word.

Use CRO if BF is omitted.
Extended mnemonic for
cmpl BF,0,RA,RB
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cmpli

Compare Logical Immediate

cmpli BF, 0, RA, IM

| 10 | BF | ] RA M

Co:3 « ‘0

if (RA) < (10 Il IM) then ¢ « 1
if (RA) > (10 Il IM) then ¢ <1
if (RA) = (%0 11 IM) then ¢ ¢ 1
c3 < XER[SO]

n « BF

CR[CRn] <~ Co:3

The IM field is extended to 32 bits by concatenating 16 0-bits to its left. The contents of register RA
are compared with IM using a 32-bit unsigned compare. )

The CR field specified by the BF field is updated to reflect the results of the compare and the value of
XERI[SQ] is placed into the same CR field.

Registers Altered
* CRI[CRn] where nis specified by the BF field

Invalid Instruction Forms
* Reserved fields
Programming Note

The PowerPC Architecture defines this instruction as cmpli BF,L,RA,IM, where L selects operand
size for 64-bit PowerPC implementations. For all 32-bit PowerPC implementations, L = 0 is required
(L =1 is an invalid form); hence for the PPC405GP, use of the extended mnemonic

cmplwi BF,RA,IM is recommended.

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-13. Extended Mnemonics for cmpli

Other Registers

Mnemonic | Operands Function Changed
cmplwi [BE] RA, IM | Compare Logical Word Immediate.
Use CRO if BF is omitted.
Extended mnemonic for

cmpli BF,0,RA,IM
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cntlzw
Count Leading Zeros Word

cntlzw RA, RS Rc=0
cntlzw. RA, RS Rc=1
3 RS RA 26 | Rc|
0 6 1 31
n«<2o0

do while n <32
if (RS), = 1 then leave
nen+1

(RA) « n

The consecutive leading 0 bits in register RS are counted; the count is placed into register RA.

The count ranges from 0 through 32, inclusive.

Registers Altered
* RA
» CRI[CRO],T T EQ, o if Rc contains 1

Invalid Instruction Forms
* Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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crand
Condition Register AND

crand BT, BA, BB

19 BT BA BB 257 | 1

0 6 11 16 21 31

CRBT “— CRBA A CRBB

The CR bit specified by the BA field is ANDed with the CR bit specified by the BB field; the result is
placed into the CR bit specified by the BT field.

Registers Altered
* CR

Invalid Instruction Forms
* Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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crandc
Condition Register AND with Complement

crandc BT, BA, BB

19 BT BA BB 129

CRBT «— CHBA A _‘CRBB

The CR bit specified by the BA field is ANDed with the ones complement of the CR bit specified by
the BB field; the result is placed into the CR bit specified by the BT field.

Registers Altered
* CR

Invalid Instruction Forms
¢ Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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creqv

Condition Register Equivalent

creqv BT, BA, BB

19 | BT | BA BB 289 [ ]

CRpT ¢ —(CRga © CRpgpg)

The CR bit specified by the BA field is XORed with the CR bit specified by the BB field; the ones
complement of the result is placed into the CR bit specified by the BT field.

Registers Altered
e CR

Invalid Instruction Forms
« Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-14. Extended Mnemonics for creqv

Other Registers
Mnemonic | Operands Function Altered

crset bx CR set.
Extended mnemonic for
creqv bx,bx,bx
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crnand
Condition Register NAND

crnand BT, BA, BB

19 l BT | BA BB 25

CRBT «— _‘(CRBA A CRBB)

The CR bit specified by the BA field is ANDed with the CR bit specified by the BB field; the ones
complement of the result is placed into the CR bit specified by the BT field.

Registers Altered
* CR

Invalid Instruction Forms
¢ Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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crnor
Condition Register NOR

crnor BT, BA, BB

19 [ BT BA BB 3 | ]

CRBT Ll ﬂ(CRBA v CHBB)

The CR bit specified by the BA field is ORed with the CR bit specified by the BB field; the ones
complement of the result is placed into the CR bit specified by the BT field.

Registers Altered
* CR

Invalid Instruction Forms

* Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-15. Extended Mnemonics for crnor

Other Registers
Mnemonic | Operands Function Altered
crnot bx, by CR not.
Extended mnemonic for
crnor bx,by,by
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cror
Condition Register OR

cror BT, BA, BB

19 BT BA BB

CRpT < CRpp Vv CRpp

21

The CR bit specified by the BA field is ORed with the CR bit specified by the BB field; the result is

placed into the CR bit specified by the BT field.

Registers Altered
* CR

Invalid Instruction Forms
* Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-16. Extended Mnemonics for cror

Other Registers
Mnemonic | Operands Function Altered
crmove bx, by CR move.
Extended mnemonic for
cror bx,by,by
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crorc
Condition Register OR with Complement

crorc BT, BA, BB

19 BT BA BB M7 | ]

0 6 1" 16 21 31

CRBT — CHBA v —ﬂCRBB

The condition register (CR) bit specified by the BA field is ORed with the ones complement of the CR
bit specified by the BB field; the result is placed into the CR bit specified by the BT field.

Registers Altered
* CR

Invalid Instruction Forms
* Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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crxor
Condition Register XOR

crxor BT, BA, BB

19 BT BA BB 193 []

0 6 11 16 21 31

CRgT < CRgp © CRpgg

The CR bit specified by the BA field is XORed with the CR bit specified by the BB field; the result is
placed into the CR bit specified by the BT field.

Registers Altered
* CR

Invalid Instruction Forms
* Reserved fields

Architecture Note
This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-17. Extended Mnemonics for crxor

» Other Registers
Mnemonic | Operands Function Altered

crclr bx Condition register clear.
Extended mnemonic for
crxor bx,bx,bx
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dcba

Data Cache Block Allocate

dcba RA, RB

L >31 l e RA RB 758 j]

0 6 11 16 21 31

EA « (RAI0) + (RB)
DCBA(EA)

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is O if the RA field is 0 and is the contents of register RA otherwise.

If the data block at the EA is in the data cache and the EA is marked as cachable and non-write-
through, the data in the cache block is architecturally undefined. For the PPC405GP, the cache data
block is set to 0.

If the data block at the EA is not in the data cache and the EA is marked as cachable and not marked
as write-through, a cache block is established and set to an architecturally-undefined value. Note that
no data is read from main storage, as described in the programming note.

If the data block at the EA is marked as non-cachable, a no-op occurs.

If the data block at the EA is in the data cache and marked as write-through, architecturally the data in
the cache block can be left unmodified. Alternatively, the data block at the EA can be undefined in the
data cache and in main storage. For the PPC405GP, a no-op occurs.

If the data block at the EA is not in the data cache and marked as write-through, architecturally the
instruction can establish a cache block and set the block to 0, or a no-op can occur. For the
PPC405GP, a no-op occurs. .

If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.

Registers Altered
¢ None

Invalid Instruction Forms
* Reserved fields

Programming Notes

Because dcba can establish an address in the data cache without copying the contents of that
address from main storage, the address established can be invalid with respect to main storage. A
subsequent operation may cause the address to be copied back to main storage, for example, to
make room for a new cache block; a machine check exception could occur under these
circumstances. '

dcba provides a hint that a block of storage will soon be stored to or no longer needed; there is no
need to retain the data in the block. Establishing the line in the cache, without reading from main
storage, improves performance.
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dcba

Data Cache Block Allocate

Exceptions

This instruction is considered a “store” with respect to data storage exceptions. However, this
instruction does not cause data storage exceptions or data TLB-miss exceptions. If conditions occur
that would otherwise cause such exceptions, dcba is treated as a no-op.

This instruction is considered a “store” with respect to data address compare (DAC) debug
exceptions. See “Data Storage Interrupt” on page 10-36.

Architecture Note

This instruction is part of the IBM PowerPC Embedded Virtual Environment.
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dcbf

Data Cache Block Flush

debf RA, RB

EA « (RAIO) + (RB)
DCBF(EA)

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 if the RA field is 0 and is the contents of register RA otherwise.

If the data block corresponding to the EA is in the data cache and marked as modified (stored into),
the data block is copied back to main storage and then marked invalid in the data cache. If the data
block is not marked as modified, it is simply marked invalid in the data cache. The operation is
performed whether or not the EA is marked as cachable.

If the data block at the EA is not in the data cache, no operation is performed.
If instruction bit 31 contains 1, the contents of CR[CRO] are undefined.
Registers Altered

* None

Invalid Instruction Forms

* Reserved fields

Exceptions

This instruction is considered a “load” with respect to data storage exceptions. See “Data Storage
Interrupt” on page 10-36.

This instruction is considered a “store” with respect to data address compare (DAC) debug
exceptions. See “Debug Interrupt” on page 10-44.

Architecture Note
This instruction is part of the IBM PowerPC Embedded Virtual Environment.
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dcbi

Data Cache Block Invalidate

dcbi RA, RB

| 3 RA RB 470

16 21

EA « (RAIO) + (RB)
DCBI(EA)

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 if the RA field is 0 and is the contents of register RA otherwise.

If the data block at the EA is in the data cache, the data block is marked invalid, regardless of whether
or not the EA is marked as cachable. If modified data existed in the data block prior to the operation of
this instruction, that data is lost.

If the data block at the EA is not in the data cache, no operation is performed.
If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.
Registers Altered

* None

Invalid Instruction Forms

¢ Reserved fields

Programming Notes

Execution of this instruction is privileged.

Exceptions

This instruction is considered a “store” with respect to data storage exceptions. See “Data Storage
Interrupt” on page 10-36. .

This instruction is considered a “store” with respect to data address compare (DAC) debug
exceptions. See “Debug Interrupt” on page 10-44.

Architecture Note

This instruction is part of the IBM PowerPC Embedded Operating Environment.
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dcbst

Data Cache Block Store

dcbst RA, RB

r —a ’ ; RA RB 54 [_J

0 6 11 16 21 31

EA « (RAI0) + (RB)
DCBST(EA)

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 if the RA field is 0, and is the contents of register RA otherwise.

If the data block at the EA is in the data cache and marked as modified, the data block is copied back
to main storage and marked as unmodified in the data cache.

If the data block at the EA is in the data cache, and is not marked as modified, or if the data block at
the EA is not in the data cache, no operation is performed.

The operation specified by this instruction is performed whether or not the EA is marked as cachable.
If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.

Registers Altered

* None

Invalid Instruction Forms

* Reserved fields

Exceptions

This instruction is considered a “load” with respect to data storage exceptions. See “Data Storage
Interrupt” on page 10-36.

This instruction is considered a “store” with respect to data address compare (DAC) debug
exceptions. See “Debug Interrupt” on page 10-44.

Architecture Note
This instruction is part of the IBM PowerPC Embedded Virtual Environment.
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dcbt

Data Cache Block Touch

dcbt RA, RB

31

RA RB 278 v | —|

EA <« (RAI0) + (RB)
DCBT(EA)

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 when the RA field is 0, and is the contents of register RA
otherwise.

If the data block at the EA is not in the data cache and the EA is marked as cachable, the block is read
from main storage into the data cache.

If the data block at the EA is in the data cache, or if the EA is marked as non-cachable, no operation
is performed.

This instruction is not allowed to cause data storage exceptions or data TLB miss exceptions. If
execution of the instruction would cause such an exception, then no operation is performed, and no
exception occurs.

If instruction bit 31 contains 1, the contents of CR[CRO] are undefined.
Registers Altered

¢ None

Invalid Instruction Forms

* Reserved fields

Programming Notes

The dcbt instruction allows a program to begin a cache block fetch from main storage before the
program needs the data. The program can later load data from the cache into registers without
incurring the latency of a cache miss.

Exceptions

This instruction is considered a “load” with respect to data storage exceptions. See “Data Storage
Interrupt” on page 10-36.

This instruction is considered a “load” with respect to data address compare (DAC) debug exceptions.
See “Debug Interrupt” on page 10-44.

Architecture Note

This instruction is part of the IBM PowerPC Embedded Virtual Environment.
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dcbtst

Data Cache Block Touch for Store

dcbist RA, RB
r 31 l RA RB 246 [ ]
0 6 11 16 21 31

EA « (RAIO) + (RB)
DCBTST(EA)

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 if the RA field is 0 and is the contents of register RA otherwise.

If the data block at the EA is not in the data cache and the EA address is marked as cachable, the
data block is loaded into the data cache.

If the EA is marked as non-cachable, or if the data block at the EA is in the data cache, no operation
is performed.

This instruction is not allowed to cause data storage exceptions or data TLB miss exceptions. If
execution of the instruction would cause such an exception, then no operation is performed, and no
exception occurs.

If instruction bit 31 contains 1, the contents of CR[CRO] are undefined.
Registers Altered

* None

Invalid Instruction Forms

* Reserved fields

Programming Notes

The dcbtst instruction allows a program to begin a cache block fetch from main storage before the
program needs the data. The program can later store data from GPRs into the cache block, without
incurring the latency of a cache miss.

Architecturally, debtst brings data into the cache in “Exclusive” mode, which allows the program to
alter the cached data. “Exclusive” mode is part of the MESI protocol for multi-processor systems, and
is not implemented. The implementation of the dcbtst instruction is identical to the implementation of
the dcbt instruction.

Exceptions

This instruction is considered a “load” with respect to data storage exceptions. See “Data Storage
Interrupt” on page 10-36.

This instruction is considered a “load” with respect to data address compare (DAC) debug exceptions.
See “Debug Interrupt” on page 10-44.

Architecture Note

This instruction is part of the IBM PowerPC Embedded Virtual Environment.
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dcbz

Data Cache Block Set to Zero

dcbz RA, RB

RB 1014
21

EA « (RAIO) + (RB)
DCBZ(EA)

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 if the RA field is 0 and is the contents of register RA otherwise.

If the data block at the EA is in the data cache and the EA is marked as cachable and non-write-
through, the data in the cache block is set to 0.

If the data block at the EA is not in the data cache and the EA is marked as cachable and non-write-
through, a cache block is established and set to 0. Note that nothing is read from main storage, as
described in the programming note.

If the data block at the EA is marked as either write-through or as non-cachable, an alignment
exception occurs.

If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.

Registers Altered
* None

Invalid Instruction Forms
¢ Reserved fields

Programming Notes

Because dcbz can establish an address in the data cache without copying the contents of that
address from main storage, the address established may be invalid with respect to the storage
subsystem. A subsequent operation may cause the address to be copied back to main storage, for
example, to make room for a new cache block; a machine check exception could occur under these
circumstances.

If debz is attempted to an EA which is marked as non-cachable, the software alignment exception
handler should emulate the instruction by storing zeros to the block in main storage. If a data block
corresponding to the EA exists in the cache, but the EA is non-cachable, stores (including dcbz) to
that address are considered programming errors (the cache block should previously have been
flushed).

If the EA is marked as write-through, the software alignment exception handler should emulate the
instruction by storing zeros to the block in main storage. An EA that is marked as write-through
required should also be marked as cachable; when dcbz is attempted to such an address, the
alignment exception handler should maintain coherency of cache and memory.
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dcbz

Data Cache Block Set to Zero
Exceptions
An alignment exception occurs if the EA is marked as non-cachable oras write-through.

This instruction is considered a “store” with respect to data storage exceptions. See “Data Storage
Interrupt” on page 10-36.

This instruction is considered a “store” with respect to data address compare (DAC) debug
exceptions. See “Debug Interrupt” on page 10-44.

Architecture Note

This instruction is part of the IBM PowerPC Embedded Virtual Environment.

Preliminary Instruction Set 24-55



dccci

Data Cache Congruence Class Invalidate

decci RA, RB

31

16 21

EA « (RAIO) + (RB)
DCCCI(EA)

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 if the RA field is 0 and is the contents of register RA otherwise.

Both cache lines in the congruence class specified by EAxq.0 are invalidated, whether or not they
match the EA. If modified data existed in the cache congruence class before the operation of this
instruction, that data is lost.

The operation specified by this instruction is performed whether or not the EA is marked as cachable.
If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.

Registers Altered
* None

Invalid Instruction Forms

* Reserved fields

Programming Note

Execution of this instruction is privileged.

This instruction is intended for use in the power-on reset routine to invalidate the entire data cache tag
array before enabling the data cache. A series of dceel instruction should be executed, one for each
congruence class. Cachability can then be enabled.

Exceptions
See “Access Protection for Cache Control Instructions” on page 6-15.

The execution of an decci instruction can cause a data TLB miss exception, at the specified EA,
regardless of the non-specific intent of that EA.

This instrﬁction does not cause data address compare (DAC) debug exceptions. See “Debug
Interrupt” on page 10-44.

Architecture Note

This instruction is implerﬁentation-specific and may not be portable to other implementations.
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dcread
Data Cache Read

dcread RT, RA, RB

[ [ = | = | = | s | ]

EA « (RAID) + (RB)

if ((CCRO[CIS] = 0) A (CCRO[CWS] = 0)) then (RT) « (d-cache data, way A)
if ((CCRO[CIS] = 0) A (CCRO[CWS] = 1)) then (RT) « (d-cache data, way B)
if ((CCRO[CIS] = 1) A (CCRO[CWS] = 0)) then (RT) « (d-cache tag, way A)
if ((CCRO[CIS] = 1) A (CCRO[CWS] = 1)) then (RT) « (d-cache tag, way B)

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 if the RA field is 0 and is the contents of register RA otherwise.

This instruction is a debugging tool for reading the data cache entries for the congruence class
specified by EA;g.06, Where m is the number of bits in the cache tag. The cache information is read
into register RT.

If CCRO[CIS] = 0, the information is a word of data cache array data from the addressed congruence
class. The word is specified by EAy7.09 (EAg.1g and EAgq.3¢ are ignored). If EAgg.51 are not 00, an
alignment exception occurs. If CCRO[CWS] = 0, the data is from the A-way; otherwise; the data is
from the B-way.

If CCRO[CIS] = 1, the information is a cache tag from the addressed congruence class (EAq.1g and
EAgzq.3¢ are ignored). If CCRO[CWS] = 0, the tag is from the A-way; otherwise the tag is from the B-
way.

Data cache tag information is placed into register RT as shown:

0:19 TAG | Cache Tag

20:25 | Reserved

26 D Cache Line Dirty
0 Not dirty
1 Dirty

27 \ Cache Line Valid
0 Not valid
1 Valid

28:30 | Reserved

31 LRU | Least Recently Used (LRU)
0 A-way LRU
1 B-way LRU

If instruction bit 31 contains 1, the contents of CR[CROQ] are undefined.

Registers Altered
« RT
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dcread
Data Cache Read

Invalid Instruction Forms

* Reserved fields

Programming Note

Execution of this instruction is privileged.

Exceptions

If EA is not word-aligned, an alignment exception occurs.

This instruction is considered a “load” with respect to data storage exceptions, but cannot cause a
data storage exception. See “Access Protection for Cache Control Instructions” on page 6-15.

The execution of an deread instruction can cause a data TLB miss exception, at the specified EA,
regardless of the non-specific intent of that effective address.

This instruction is considered a “load” with respect to data address compare (DAC) debug exceptions.
See “Debug Interrupt” on page 10-44.

Architecture Note

This instruction is implementation-specific and may not be portable to other implementations.
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divw

Divide Word
divw RT, RA, RB OE=0, Rc=0
divw. RT, RA, RB OE=0, Rc=1
divwo RT, RA, RB OE=1, Rc=0
divwo. RT, RA, RB OE=1, Re=1
r 31 , AT RA RB |OE| 401 |Rc|
0 6 11 16 21 22 31

(RT) « (RA) + (RB)

The contents of register RA are divided by the contents of register RB. The quotient is placed into
register RT.

Both the dividend and the divisor are interpreted as signed integers. The quotient is the unique signed
integer that satisfies:

dividend = (quotient x divisor) + remainder

where the remainder has the same sign as the dividend and its magnitude is less than that of the
divisor.

If an attempt is made to perform (0x8000 0000 + —1) or (n+ 0), the contents of register RT are
undefined; if the Rc field also contains 1, the contents of CR[CRO],1, gT, Eq are undefined. Either
invalid division operation sets XER[OV, SO] to 1 if the OE field contains 1.

Registers Altered

* RT
. CR[CRO]LT’ GT, EQ, SO if Rc contains 1
« XER[OV, SOJ if OE contains 1

Programming Note

The 32-bit remainder can be calculated using the following sequence of instructions:

divw RT,RA,RB # RT = quotient
mullw RT,RT,RB # RT = quotient x divisor
subf RT,RT,RA # RT = remainder

The sequence does not calculate correct results for the invalid divide operations.

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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divwu

Divide Word Unsigned

divwu RT, RA, RB OE=0, Rc=0

divwu. RT, RA, RB OE=0, Rc=1

divwuo RT, RA, RB OE=1, Rc=0

divwuo. RT, RA, RB OE=1, Rec=1

[ 31 ‘ RT RA RB |0E‘ 459 |Rc'
0 6 11 16 21 22 31

(RT) « (RA) = (RB)

The contents of register RA are divided by the contents of register RB. The quotient is placed into
register RT.

The dividend and the divisor are interpreted as unsigned integers. The quotient is the unique
unsigned integer that satisfies:

dividend = (quotient x divisor) + remainder
If an attempt is made to perform (n -+ 0), the contents of register RT are undefined; if the Rc also
contains 1, the contents of CR[CRO],1 g, gq are also undefined. The invalid division operation also
sets XER[OV, SO] to 1 if the OE field contains 1.
Registers Altered
* RT
b CR[CRO]LT’ GT, EQ, SO if Rc contains 1
= XER[OV, SOj if OE contains 1

Programming Note

The 32-bit remainder can be calculated using the following sequence of instructions

divwu RT,RA,RB # RT = quotient
mullw RT,RT,RB # RT = quotient x divisor
subf RT,RT,RA # RT = remainder

This sequence does not calculate the correct result if the divisor is zero.

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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eieio
Enforce In Order Execution of /0

eieio

31 854 [ ]
0 6 21 31

The eieio instruction ensures that all loads and stores preceding eieio complete with respect to main
storage before any loads and stores following eieio access main storage.

If instruction bit 31 contains 1, the contents of CR[CRO] are undefined.
Registers Altered

* None

Invalid Instruction Forms

¢ Reserved fields

Programming Note

Architecturally, eieio orders storage access, not instruction completion. Therefore, non-storage
operations after eieio could complete before storage operations that were before eieio. The sync
instruction guarantees ordering of both instruction completion and storage access. For the
PPC405GP, the eieio instruction is implemented to behave as a sync instruction.

To write code that is portable between various PowerPC implementations, programmers should use
the mnemonic that corresponds to the desired behavior.

Architecture Note

This instruction is part of the IBM PowerPC Embedded Virtual Environment.
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eqv

Equivalent

eqv RA, RS, RB Rc=0

eqv. RA, RS, RB Rc=1

[ | RS | RA i RB l ncl

(RA) « —((RS) @ (RB))

The contents of register RS are XORed with the contents of register RB; the ones complement of the
result is placed into register RA.

Registers Altered

* RA

b CR[CRO]LT’ GT, EQ, SO if Rc contains 1

Architecture Note

11

16

21

This instruction is part of the PowerPC User Instruction Set Architecture.
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extsb

Extend Sign Byte

extsb RA, RS Rc=0

extsh. RA, RS Rc=1

| 31 | RS RA 954 | nﬂ
0 6 11 16 21 31

(RA) < EXTS(RS)24:31

The least significant byte of register RS is sign-extended to 32 bits by replicating bit 24 of the register
into bits O through 23 of the result. The result is placed into register RA.

Registers Altered
« RA
b CR[CRO]LT’ GT, EQ, SO if Rc contains 1

Invalid Instruction Forms
* Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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extsh
Extend Sign Halfword

extsh RA, RS Rc=0
extsh. RA, RS Rc=1

922 | Rc .

31

(RA) < EXTS(RS)16:31

The least significant halfword of register RS is sign-extended to 32 bits by replicating bit 16 of the
register into bits 0 through 15 of the result. The result is placed into register RA.

Registers Altered

* RA
* CRI[CRO].7, gT, EQ, so if Re contains 1

Invalid Instruction Forms
¢ Reserved fields

Architecture Note
This instruction is part of the PowerPC User Instruction Set Architecture.
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icbi

Instruction Cache Block Invalidate

icbi RA, RB

EA « (RA0) + (RB)
ICBI(EA)

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 if the RA field is 0 and is the contents of register RA otherwise.

If the instruction block at the EA is in the instruction cache, the cache block is marked invalid.
If the instruction block at the EA is not in the instruction cache, no additional operation is performed.

The operation specified by this instruction is performed whether or not the EA is marked as cachable
in the ICCR.

If instruction bit 31 contains 1, the contents of CR[CROQ] are undefined.

Registers Altered

* None

Invalid Instruction Forms

* Reserved fields

Programming Note

Instruction cache operations use MSR[DR], not MSR][IR], to determine translation of their operands.

When data translation is disabled, cachability for the EA of the operand of instruction cache
operations is determined by the ICCR, not the DCCR.

Exceptions

Instruction storage exceptions and instruction-side TLB miss exceptions are associated with
instruction fefching, not with instruction execution. Exceptions that occur during the execution of
instruction cache operations cause data-side exceptions (data storage exceptions and data TLB miss
exceptions).

This instruction is considered a “load” with respect to data storage exceptions. See “Data Storage
Interrupt”’ on page 10-36.

This instruction is considered a “load” with respect to data address compare (DAC) debug exceptions.

Architecture Note

This instruction is part of the IBM PowerPC Embedded Virtual Environment.
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icbt

Instruction Cache Block Touch

icbt RA, RB

r 31

0

16 21

EA« (RAIO) + (RB)
ICBT(EA)

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 if the RA field is 0 and is the contents of register RA otherwise.

If the instruction block at the EA is not in the instruction cache, and is marked as cachable, the
instruction block is loaded into the instruction cache.

If the instruction block at the EA is in the instruction cache, or if the EA is marked as non-cachable, no
operation is performed.

If instruction bit 31 contains 1, the contents of CR[CR0] are undefined.
Registers Altered

* None

Invalid Instruction Forms

* Reserved fields

Programming Notes

This instruction allows a program to begin a cache block fetch from main storage before the program
needs the instruction. The program can later branch to the instruction address and fetch the
instruction from the cache without incurring the latency of a cache miss.

Instruction cache operations use MSR[DRY}, not MSRJIR], to determine translation of their operands.
When data translation is disabled, cachability for the effective address of the operand of instruction
cache operations is determined by the ICCR, not the DCCR.

Exceptions

Instruction storage exceptions and instruction-side TLB miss exceptions are associated with
instruction fetching, not with instruction execution. Exceptions occurring during execution of
instruction cache operations cause data storage and data TLB miss exceptions.

If the execution of an icbt instruction would cause a data TLB miss exception, no operation is
performed and no exception occurs.

This instruction is considered a “load” with respect to protection exceptions, but cannot cause data
storage exceptions. This instruction is also considered a “load” with respect to data address compare
(DAC) debug exceptions.

Architecture Note

This instruction is part of the IBM PowerPC Embedded Operating Environment.
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iccci

Instruction Cache Congruence Class Invalidate

| 3t [ RA RB 966 [ ]

0 6 1 16 21 31
EA < (RAIO) + (RB)
ICCCI(ICU cache array)

This instruction invalidates the entire ICU cache array. The EA is not used; previous implementations
have used the EA for protection checks. The instruction form is maintained for software and tool
compatibility.

Registers Altered

* None

Invalid Instruction Forms

* Reserved fields

Programming Notes

Execution of this instruction is privileged.

This instruction is intended for use in the power-on reset routine to invalidate the entire cache tag
array before enabling the cache. Cachability can then be enabled.

Architecture Note

This instruction is implementation-specific and may not be portable to other implementations.
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icread

Instruction Cache Read

icread RA, RB

RA —l RB i 9908 :

16 21 31

EA « (RAIO) + (RB)

if ((CCRO[CIS] = 0) A (CCRO[CWS] = 0)) then (ICDBDR) « (i-cache data, way A)
if ((CCRO[CIS] = 0) A (CCRO[CWS] = 1)) then (ICDBDR) «- (i-cache data, way B)
if (CCRO[CIS] = 1) A (CCRO[CWS] = 0)) then (ICDBDR) « (i-cache tag, way A)
if ((CCRO[CIS] = 1) A (CCRO[CWS] = 1)) then (ICDBDR) « (i-cache tag, way B)

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 if the RA field is 0 and is the contents of register RA otherwise.

This instruction is a debugging tool for reading the instruction cache entries for the congruence class
specified by EA4g.05. The cache information is read into the Instruction Cache Debug Data Register
(ICDBDRY), from where it can be read into a GPR using the extended mnemonic mficdbdr.

If CCRO[CIS] = 0, the information is a word of instruction cache data from the addressed line. The
word is specified by EAp7.09 (EAg.o1 and EAzqg.3¢ are ignored). If CCRO[CWS] = 0, the data is from the
A-way, otherwise from the B-way.

If (CCRO[CIS] = 1), the information is a cache tag from the addressed congruence class (EAq.o1 and
EAog.31 are ignored). If (CCRO[CWS] = 0), the tag is from the A-way, otherwise from the B-way.

Instruction cache tag information is placed in the ICDBDR as shown:

0:21 TAG Cache Tag
22:26 .| Reserved
27 \ Cache Line Valid
0 Not valid
1 Valid
28:30 7,‘ Reserved
31 LRU Least Recently Used (LRU)
0 A-way LRU
1 B-way LRU

If instruction bit 31 contains 1, the contents of CR[CRO] are undefined.

Registers Altered
* |ICDBDR

Invalid Instruction Forms
* Reserved fields

Programming Note

Execution of this instruction is privileged.
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icread

Instruction Cache Read

The instruction pipeline does not automatically wait for data from icread to arrive at the ICDBDR
before attempting to use the contents of the ICDBDR. Therefore, insert an isync instruction between
icread and mficdbdr.

icread r5,r6 # read cache information
isync # ensure completion of icread
mficdbdr r7 # move information to GPR

Instruction cache operations use MSR[DR], not MSR[IR], to determine translation of their operands.
When data translation is disabled, cachability for the EA of the operand of instruction cache
operations is determined by the ICCR, not the DCCR.

Exceptions

Instruction storage exceptions and instruction-side TLB miss exceptions are associated with
instruction fetching, not with instruction execution. Exceptions that occur during the execution of
instruction cache operations cause data-side exceptions (data storage exceptions and data TLB miss
exceptions).

The execution of icread can cause a data TLB miss exception, at the specified EA, regardless of the
non-specific intent of that EA.

This instruction is considered a “load” and cannot cause a data storage exception.

This instruction is considered a “load” with respect to data address compare (DAC) debug exceptions,
but will not cause DAC debug events.

Architecture Note

This instruction is implementation-specific and may not be portable to other implementations.
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isync

Instruction Synchronize

isync

19 150

The isync instruction is a context synchronizing instruction.

isync provides an ordering function for the effects of all instructions executed by the processor.
Executing isync insures that all instructions preceding the isync instruction execute before isync
completes, except that storage accesses caused by those instructions need not have completed.

No subsequent instructions are initiated by the processor until isync completes. Finally, execution of
isync causes the processor to discard any prefetched instructions, with the effect that subsequent
instructions are fetched and executed in the context established by the instructions preceding isync.

isync has no effect on caches.

If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.

Registers Altered

* None

Invalid Instruction Forms

* Reserved fields

Programming Note

See the discussion of context synchronizing instructions in “Synchronization” on page 3-43.

The following code example illustrates the necessary steps for self-modifying code. This example
assumes that addr1 is both data and instruction cachable.

stw regN, addr1 # data in regN is to become an instruction at addr1
dcbst addri # forces data from the data cache to memory
sync # wait until the data actually reaches the memory
icbi addri # the previous value at addr1 might already be in
the instruction cache; invalidate in the cache
isync # the previous value at addr1 might already have been

pre-fetched into the queue; invalidate the queue
so that the instruction must be re-fetched

Architecture Note

This instruction is part of the IBM PowerPC Embedded Virtual Environment.
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Ibz

Load Byte and Zero

Ibz RT, D(RA)

EA « (RAIO) + EXTS(D)
(RT) « 20 Il MS(EA,1)

An effective address (EA) is formed by adding a displacement to a base address. The displacement is
obtained by sign-extending the 16-bit D field to 32 bits. The base address is 0 if the RA field is 0 and
is the contents of register RA otherwise.

The byte at the EA is extended to 32 bits by concatenating 24 0-bits to its left. The resuit is placed into
register RT.

Registers Altered
*« RT

Architecture Note
This instruction is part of the PowerPC User Instruction Set Architecture.
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Ibzu
Load Byte and Zero with Update

Ibzu RT, D(RA)

EA « (RAIO) + EXTS(D)
(RA) « EA
(RT) « 240 Il MS(EA,1)

11 16 81

An effective address (EA) is formed by adding a displacement to a base address. The displacement is
obtained by sign-extending the 16-bit D field to 32 bits. The base address is 0 if the RA field is 0 and
is the contents of register RA otherwise. The EA is placed into register RA.

The byte at the EA is extended to 32 bits by concatenating 24 0-bits to its left. The result is placed into

register RT.

Registers Altered

* RA

e RT

Invalid Instruction Forms
e RA=RT

* RA=0

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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Ibzux
Load Byte and Zero with Update Indexed

Ibzux RT, RA, RB

] 31 | RT RA RB 119 [ J

EA « (RAIO) + (RB)
(RA) « EA
(RT) « 240 I MS(EA,1)

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 if the RA field is 0 and is the contents of register RA otherwise.
The EA is placed into register RA.

The byte at the EA is extended to 32 bits by concatenating 24 0-bits to its left. The result is placed into
register RT.

If instruction bit 31 contains 1, the contents of CR[CRO] are undefined.
Registers Altered

* RA
s RT

Invalid Instruction Forms

¢ Reserved fields
¢ RA=RT
¢ RA=0

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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Ibzx
Load Byte and Zero Indexed

Ibzx RT,RA, RB

| 31 ‘ AT | RA RB 87

EA « (RAI0) + (RB)
(RT) « 2%0 || MS(EA,1)

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 if the RA field is 0 and is the contents of register RA otherwise.

The byte at the EA is extended to 32 bits by concatenating 24 0-bits to its left. The result is placed into
register RT.

If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.

Registers Altered
* RT

Invalid Instruction Forms
¢ Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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lha

Load Halfword Algebraic

lha RT, D(RA)

42 | RT | RA D
0 6 11 16 a1

_ EA « (RAI0) + EXTS(D)V
(RT) « EXTS(MS(EA,2))

An effective address (EA) is formed by adding a displacement to a base address. The displacement is
obtained by sign-extending the 16-bit D field to 32 bits. The base address is 0 if the RA field is 0 and
is the contents of register RA otherwise.

The halfword at the EA is sign-extended to 32 bits and placed into register RT.

Registers Altered
* RT

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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lhau
Load Halfword Algebraic with Update

lhau RT, D(RA)

EA « (RAIO) + EXTS(D)
(RA) « EA
(RT) < EXTS(MS(EA,2))

An effective address (EA) is formed by adding a displacement to a base address. The displacement is
obtained by sign-extending the 16-bit D field to 32 bits. The base address is 0 when the RA field is 0
and is the contents of register RA otherwise. The EA is placed into register RA.

The halfword at the EA is sign-extended to 32 bits and placed into register RT.
Registers Altered

* RA
* RT

Invalid Instruction Forms
e RA=RT
* RA=0

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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Ihaux
Load Halfword Algebraic with Update Indexed

lhaux RT, RA, RB

| 31 RT RA RB [ ars [ ]

EA « (RAIO) + (RB)
(RA) « EA
(RT) < EXTS(MS(EA,2))

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 if the RA field is 0 and is the contents of register RA otherwise.
The EA is placed into register RA.

The halfword at the EA is sign-extended to 32 bits and placed into register RT.
If instruction bit 31 contains 1, the contents of CR[CRO] are undefined.

Registers Altered

* RA
« RT

Invalid Instruction Forms

¢ Reserved fields
e RA=RT
e« RA=0

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.

Preliminary Instruction Set 24-77



lhax
Load Halfword Algebraic Indexed

lhax RT, RA, RB

| 31 | RT T RA RB 213

EA « (RAIO) + (RB)
(RT) « EXTS(MS(EA,2))

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 if the RA field is 0 and is the contents of register RA otherwise.

The halfword at the EA is sign-extended to 32 bits and placed into register RT.
If instruction bit 31 contains 1, the contents of CR[CRO] are undefined.
Registers Altered

e RT

Invalid Instruction Forms

* Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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lhbrx

Load Halfword Byte-Reverse Indexed

lhbrx RT, RA, RB

| 31 J RT l RA ] RB 790 | ]

EA < (RAIO) + (RB)
(RT) « 180 Il MS(EA +1,1) Il MS(EA,1)

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 if the RA field is 0 and is the contents of register RA otherwise.

The halfword at the EA is byte-reversed. The resulting halfword is extended to 32 bits by
concatenating 16 0-bits to its left. The result is placed into register RT.

If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.

Registers Altered
e RT

Invalid Instruction Forms
¢ Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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lhz

Load Halfword and Zero

lhz RT, D(RA)

EA « (RAIO) + EXTS(D)
(RT) « 160 Il MS(EA2)

An effective address (EA) is formed by adding a displacement to a base address. The displacement is
obtained by sign-extending the 16-bit D field to 32 bits. The base address is 0 if the RA field is 0 and
is the contents of register RA otherwise.

The halfword at the EA is extended to 32 bits by concatenating 16 0-bits to its left. The result is placed
into register RT.

Registers Altered
* RT

Architecture Note
This instruction is part of the PowerPC User Instruction Set Architecture.
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lhzu
Load Halfword and Zero with Update

lhzu RT, D(RA)

| a T RT ( RA D j

0 6 1 16 31

EA « (RAIO) + EXTS(D)
(RA) « EA
(RT) « 160 Il MS(EA,2)

An effective address (EA) is formed by adding a displacement to a base address. The displacement is
obtained by sign-extending the 16-bit D field to 32 bits. The base address is 0 if the RA field is 0 and
is the contents of register RA otherwise. The EA is placed into register RA.

The halfword at the EA is extended to 32 bits by concatenating 16 0-bits to its left. The result is placed
into register RT.

Registers Altered

* RA
* RT

Invalid Instruction Forms
e RA=RT
* RA=0

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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lhzux
Load Halfword and Zero with Update Indexed

lhzux RT, RA, RB

r 31 L AT RA RB 311

0 6 1 16 21

EA « (RAIO) + (RB)
(RA) « EA
(RT) « %0 II MS(EA,2)

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 if the RA field is 0 and is the contents of register RA otherwise.
The EA is placed into register RA.

The halfword at the EA is extended to 32 bits by concatenating 16 0-bits to its left. The result is placed
into register RT.

If instruction bit 31 cohtains 1, the contents of CR[CROQ] are undefined.
Registers Altered

* RA
* RT

Invalid Instruction Forms

¢ Reserved fields
e RA=RT
e RA=0

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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lhzx
Load Halfword and Zero Indexed

Ihzx RT, RA, RB

] 31 ' RT RA RB 279 L_]

EA « (RAI0) + (RB)
(RT) « 160 || MS(EA.2)

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 if the RA field is 0 and is the contents of register RA otherwise.

The halfword at the EA is extended to 32 bits by concatenating 16 0-bits to its left. The result is placed
into register RT.

If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.

Registers Altered
e RT

Invalid Instruction Forms
¢ Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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Imw
Load Multiple Word

Imw RT, D(RA)

4 J?m—LnAT D

11 16 31

EA « (RAIO) + EXTS(D)
r < RT
do while r £ 31
if ((r# RA) v (r=31))then
(GPR(r)) « MS(EA,4)
re—r+1
EA < EA + 4

An effective address (EA) is formed by adding a displacement to a base address. The displacement is
obtained by sign-extending the 16-bit D field in the instruction to 32 bits. The base address is 0 if the
RA field is 0 and is the contents of register RA otherwise.

A series of consecutive words starting at the EA are loaded into a set of consecutive GPRs, starting
with register RT and continuing to and including GPR(31). Register RA is not altered by this
instruction (unless RA is GPR(31), which is an invalid form of this instruction). The word which would
have been placed into register RA is discarded.

Registers Altered
e RT through GPR(31).

Invalid Instruction Forms
* RA s in the range of registers to be loaded, including the case RA = RT =0.

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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Iswi
Load String Word Immediate

Iswi RT, RA, NB

31 l RT RA NB 597 | J

EA « (RAIO)
if NB = 0 then
CNT « 32
else
CNT < NB
n¢« CNT
RenaL < ((RT + CEIL(CNT/4) — 1) % 32)
r < RT -1
i—20
do while n >0
if i = 0 then
rer+1
if r = 32 then
r<o
if ((r=RA) Vv (r=RgnaL) then
(GPR(r)) « 0
if (r#RA)V(r= RrinaL)) then
(GPR(;;47) & MS(EA,1)
ie—i+8°
if i = 32then
ie—0
EA <« EA + 1
ne<n-1

An effective address (EA) is determined by the RA field. If the RA field contains 0, the EA is 0.
Otherwise, the EA is the contents of register RA.

The NB field specifies the byte count CNT. If the NB field contains 0, the byte count is CNT = 32.
Otherwise, the byte count is CNT = NB.

A series of CNT consecutive bytes in main storage, starting at the EA, are loaded into CEIL(CNT/4)
consecutive GPRs, four bytes per GPR, until the byte count is exhausted. Bytes are loaded into
GPRs; the byte at the lowest address is loaded into the most significant byte. Bits to the right of the
last byte loaded into the last GPR are set to 0.

The set of loaded GPRs starts at register RT, continues consecutively through GPR(31), and wraps to
register 0, loading until the byte count is exhausted, which occurs in register Rgjya - Register RA is

not altered (unless RA = Rgyar, an invalid form of this instruction). Bytes which would have been
loaded into register RA are discarded.

If instruction bit 31 contains 1, the contents of CR[CRO] are undefined.

Registers Altered

¢ RT and subsequent GPRs as described above.
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Iswi
Load String Word Immediate

Invalid Instruction Forms

* Reserved fields
¢ RAis in the range of registers to be loaded
e RA=RT=0

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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Iswx
Load String Word Indexed

Iswx RT, RA, RB

| 3 J AT RA RB 533 | |

EA « (RAID) + (RB)
CNT « XER[TBC]
n« CNT
RFINAL — ((RT + CE'L(CNT/4) - 1) % 32)
r < RT -1
i 0
do while n > 0
if i =0 then
rer+1
if r = 32 then
r<2o
if (((r#RA) A (r2RB)) v (r=Rgpnay) then
(GPR(r)) « 0
if ((r=RA)A (r#RB)) vV (r=RgnaL) then
(GPR(N;:47) < MS(EA,1)
i—i+8
if i = 32then
i< 0
EA « EA + 1
néen-1

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 if the RA field is 0 and is the contents of register RA otherwise.

A byte count CNT is obtained from XER[TBC].

A series of CNT consecutive bytes in main storage, starting at the EA, are loaded into CEIL(CNT/4)
consecutive GPRs, four bytes per GPR, until the byte count is exhausted. Bytes are loaded into
GPRs; the byte having the lowest address is loaded into the most significant byte. Bits to the right of
the last byte loaded in the fast GPR used are set to 0.

The set of consecutive GPRs loaded starts at register RT, continues through GPR(31), and wraps to
register 0, loading until the byte count is exhausted, which occurs in register RgjyaL. Register RA is
not altered (unless RA = Rgjyar, which is an invalid form of this instruction). Register RB is not altered
(unless RB = RgyaL, Which is an invalid form of this instruction). Bytes which would have been loaded
into registers RA or RB are discarded.

if XER[TBC] is 0, the byte count is 0 and the contents of register RT are undefined.
If instruction bit 31 contains 1, the contents of CR[CRO] are undefined.

Registers Altered
* RT and subsequent GPRs as described above.
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Iswx
Load String Word Indexed

Invalid Instruction Forms

* Reserved fields
* RAor RB is in the range of registers to be loaded.
e RA=RT=0 ‘

Programming Note
If XER[TBC] = 0, the contents of register RT are unchanged and Iswx is treated as a no-op.

The PowerPC Architecture states that, if XER[TBC] = 0 and if the EA is such that a precise data
exception would normally occur (if not for the zero length), Iswx is treated as a no-op and the precise
exception will not occur. Data storage exceptions and alignment exceptions are examples of precise
data exceptions.

However, the PowerPC Architecture makes no statement regarding imprecise exceptions related to
Iswx with XER[TBC] = 0. The PPC405GP generates an imprecise exception (machine check) on this
instruction when all of the following conditions are true:

* The instruction passes all protection bounds checking

* The address is cachable

* The address is passed to the data cache

* The address misses in the data cache (resulting in a line fill request)

* The address encounters some form of bus error

Architecture Note

This instruction is part of the PowerPC User instruction Set Architecture.
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lwarx

Load Word and Reserve Indexed

Iwarx . RT, RA, RB

| 3 | RT RA RB 20 r l

EA « (RAIO) + (RB)
RESERVE « 1
(RT) « MS(EA4)

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 if the RA field is 0 and is the contents of register RA otherwise.

The word at the EA is placed into register RT.
If instruction bit 31 contains 1, the contents of CR[CRO] are undefined.
Execution of the lwarx instruction sets the reservation bit.

Registers Altered
« RT

Invalid Instruction Forms
¢ Reserved fields

Programming Note

Iwarx and the stwex. instruction should paired in a loop, as shown in the following example, to create
the effect of an atomic operation to a memory area used as a semaphore between asynchronous
processes. Only lwarx can set the reservation bit to 1. stwcx. sets the reservation bit to 0 upon its
completion, whether or not stwex. sent (RS) to memory. CR[CRO]gq must be examined to determine
whether (RS) was sent to memory.

loop: Iwarx # read the semaphore from memory; set reservation
“aiter” # change the semaphore bits in register as required
stwex. # attempt to store semaphore; reset reservation
bneloop  #an asynchronous process has intervened; try again

If the asynchronous process in the code example had paired lwarx with a store other than stwcx., the
reservation bit would not have been cleared in the asynchronous process, and the code example
would have overwritten the semaphore.

Exceptions
An alignment exception occurs if the EA is not word-aligned.

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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lwbrx
Load Word Byte-Reverse Indexed

lwbrx RT, RA, RB
L 31 | AT | RA | RB ' 534
0 6 11 16 ' 21

EA « (RAI0) + (RB)
(RT) « MS(EA+3,1) | MS(EA+2,1) || MS(EA+1,1) || MS(EA,1)

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 if the RA field is 0 and is the contents of register RA otherwise.

The word at the EA is byte-reversed: the least significant byte becomes the most significant byte, the
next least significant byte becomes the next most significant byte, and so on. The resulting word is
placed into register RT. .

If instruction bit 31 contains 1, the contents of CR[CRO] are undefined.

Registers Altered
e RT

Invalid Instruction Forms
¢ Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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lwz
Load Word and Zero

Iwz RT, D(RA)

EA « (RAIO) + EXTS(D)
(RT) « MS(EA,4)

An effective address (EA) is formed by adding a displacement to a base address. The displacement is
obtained by sign-extending the 16-bit D field to 32 bits. The base address is 0 if the RA field is 0 and
is the contents of register RA otherwise.

The word at the EA is placed into register RT.

Registers Altered
e RT

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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lwzu
Load Word and Zero with Update

Iwzu RT, D(RA)

EA « (RAIO) + EXTS(D)
(RA) « EA
(RT) « MS(EA4)

An effective address (EA) is formed by adding a displacemeni to a base address. The displacement is
obtained by sign-extending the 16-bit D field to 32 bits. The base address is O if the RA field is 0 and
is the contents of register RA otherwise. The EA is placed into register RA.

The word at the EA is placed into register RT.

Registers Altered

* RA
* RT

Invalid Instruction Forms
e RA=RT
* RA=0

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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lwzux
Load Word and Zero with Update Indexed

lwzux RT, RA, RB

EA « (RAID) + (RB)
(RA) « EA
(RT) « MS(EA,4)

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 if the RA field is 0 and is the contents of register RA otherwise.
The EA is placed into register RA.

The word at the EA is placed into register RT.
If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.
Registers Altered

* RA
* RT

Invalid Instruction Forms

¢ Reserved fields
* RA=RT
e RA=0

Architecture Note

This instruction is part of the PowerPC. User Instruction Set Architecture.
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lwzx
Load Word and Zero Indexed

lwzx RT, RA, RB

EA « (RAIO) + (RB)
(RT) « MS(EA,4)

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 if the RA field is 0 and is the contents of register RA otherwise.

The word at the EA is placed intd register RT.

If instruction bit 31 contains 1, the contents of CR[CROQ] are undefined.

Registers Altered
* RT

Invalid Instruction Forms
¢ Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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macchw
Multiply Accumulate Cross Halfword to Word Modulo Signed

macchw RT, RA, RB OE=0, Rc=0
macchw. RT, RA, RB OE=0, Rc=1
macchwo RT, RA, RB OE=1, Rc=0
macchwo. RT, RA, RB OE=1, Rc=1
4 l AT | RA RB 'oe( 172 IRcl
0 6 1 16 21 22 31

prody:a1 < (RA)16:31 X (RB)g.15 signed
tempg:32 <= prodo:a1 + (RT)
(RT) < tempy.35
The low-order halfword of RA is multiplied by the high-order halfword of RB. The signed product is

summed with the contents of RT and the sum is stored in a 33-bit temporary register. The contents of
RT are replaced by the low-order 32 bits of the temporary register.

Registers Altered

* RT ,

* CRICRO]T, 6T, eq, so if Re contains 1
* XER[SO, OV] if OE contains 1
Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.
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macchws
Multiply Accumulate Cross Halfword to Word Saturate Signed

macchws RT, RA, RB " " OE=0, Rc=0

macchws. RT, RA, RB OE=0, Rc=1

macchwso RT, RA, RB OE=1, Rc=0

macchwso. RT, RA, RB OE=1, Rec=1

L 4 | RT ] RA r RB F’E' 236 anl
0 6 1 16 21 22 31

prody:a1 <= (RA}y6:31 X (RB)g;15 signed

tempog.ap <— prodg.a¢ + (RT)

if ((prody = RTg) A (RTg # tempy)) then (RT) « (RTy || 3'(=RTg))
else (RT) <~ tempy.30

The low-order halfword of RA is multiplied by the high-order halfword of RB. The signed product is
summed with the contents of RT and the sum is stored in a 33-bit temporary register.

If a result does not overflow, the low-order 32 bits of the temporary register are stored in RT.

If a result overflows, the returned result is the nearest representable value. Thus, if a result is less '
than -231, the value stored in RT is —23. Likewise, if a result is greater than 23! — 1, the value stored
inRTis 2% -1,

Registers Altered

* RT

. CH[CRO]LT’ GT, EQ, SO if Rc contains 1
¢ XER[SO, OV] if OE contains 1
Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.
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macchwsu
Multiply Accumulate Cross Halfword to Word Saturate Unsigned

macchwsu RT, RA, RB OE=0, Rc=0
macchwsu. RT, RA, RB OE=0, Rc=1
macchwsuo RT, RA, RB OE=1, Rc=0
macchwsuo. RT, RA, RB OE=1, Re=1
4 ' AT | RA li RB IOE’ 204 |Rc|
0 6 11 16 21 22 31

prodg:3¢ <= (RA)16:31 X (RB)g,15 unsigned
tempg.32 ¢— prodp.3q + (RT)
(RT) ¢ (tempy.32 v tempg)

The low-order halfword of RA is multiplied by the high-order halfword of RB. The unsigned product is
summed with the contents of RT and the sum is stored in a 33-bit temporary register.

If a result does not overflow, the low-order 32 bits of the temporary register are stored in RT.

If a result overflows, the returned result is the nearest representable value. Thus, if a result is greater
than 232 — 1, the value stored in RT is 232 - 1.

Registers Altered

* RT

. CR[CRO]LT’ GT, EQ, SO if Rc contains 1

¢ XER[SO, OV] if OE contains 1

Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.

Preliminary Instruction Set 24-97



macchwu
Multiply Accumulate Cross Halfword to Word Modulo Unsigned

macchwu RT, RA, RB OE=0, Rc=0
macchwu. RT, RA, RB OE=0, Rec=1
macchwuo RT, RA, RB OE=1, Rc=0
macchwuo. RT, RA, RB OE=1, Rc=1
4 RT | RA RB |OE, 140 [Rc]
0 6 11 16 21 22 31

prodo:31 ¢~ (RA)16:31 X (RB)o:15 unsigned
tempo:32 ¢~ prodo;as + (RT)
(RT) < tempy.3;
The low-order halfword of RA is multiplied by the high-order halfword of RB. The unsigned product is

summed with the contents of RT and the sum is stored in a 33-bit temporary register. The contents of
RT are replaced by the low-order 32 bits of the temporary register.

Registers Altered
« RT

4 CR[CRO]LT’ GT, EQ, SO if Rc contains 1
* XER[SO, OV] if OE contains 1

Architecture Note

. This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.
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machhw
Multiply Accumulate High Halfword to Word Modulo Signed

machhw RT, RA, RB OE=0, Rc=0
machhw. RT, RA, RB OE=0, Rc=1
machhwo RT, RA, RB OE=1, Rc=0
machhwo. RT, RA, RB OE=1, Re=1

li 4 | AT | RA RB Esl @ [Fel

0 6 1 16 21 22 31

prodg:a1 < (RA)o.15 X (RB)o:15 signed
tempgap ¢ prodp:a¢ + (RT)
(RT) - tempy.32

The high-order halfword of RA is multiplied by the high-order halfword of RB. The signed product is
summed with the contents of RT and the sum is stored in a 33-bit temporary register. The contents of
RT are replaced by the low-order 32 bits of the temporary register.

Registers Altered

* RT

* CRICROI1, aT, EQ, so if Re contains 1
* XER[SO, OV]if OE contains 1

Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.
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machhws
Multiply Accumulate High Halfword to Word Saturate Signed

machhws RT, RA, RB OE=0, Rc=0
machhws. RT, RA, RB OE=0, Rec=1
machhwso RT, RA, RB OE=1, Rc=0
machhwso. RT, RA, RB OE=1, Rc=1

[ 4 AT RA RB [ 0E| 108 Tnc‘

0 6 11 16 21 22 31

prodp:3¢ < (RA)o:15 X (RB)g:15 signed

tempg.az < prodg;as + (RT)

if ((prodg = RTg) A (RT # tempy)) then (RT) < (RTg || 3'(=RTy))
else (RT) « tempy.32

The high-order halfword of RA is multiplied by the high-order halfword of RB. The signed product is
summed with the contents of RT and the sum is stored in a 33-bit temporary register.

If a result does not overflow, the low-order 32 bits of the temporary register are stored in RT.

If a result overflows, the returned result is the nearest representable value. Thus, if a result is less
than —231, the value stored in RT is —23'. Likewise, if a result is greater than 23! — 1, the value stored
in RTis 231 - 1.

Registers Altered

* RT
. CR[CHO]LT’ GT, EQ, SO if Rc contains 1
* XER[SO, OV] if OE contains 1

Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.
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machhwsu
Multiply Accumulate High Halfword to Word Saturate Unsigned

machhwsu RT, RA, RB OE=0, Rc=0
machhwsu. RT, RA, RB OE=0, Rc=1
machhwsuo RT, RA, RB OE=1, Rc=0
machhwsuo. RT, RA, RB OE=1, Rc=1
4 | RT | RA RB |OE| 76 |Rc|
0 6 1 16 21 22 31

prody:3; < (RA)o:15 X (RB)o;15 unsigned

tempg.3p ¢~ prodo:zq + (RT)

(RT) ¢ (tempy.32 v *tempy)
The high-order halfword of RA is multiplied by the high-order halfword of RB. The unsigned product is
summed with the contents of RT and the sum is stored in a 33-bit temporary register.
If a result does not overflow, the low-order 32 bits of the temporary register are stored in RT.

If a result overflows, the returned result is the nearest representable value. Thus, if a result is greater
than 232 — 1, the value stored in RT is 2% — 1.

Registers Altered

* RT

* CR[CRO]t, T, EQ, so if Re contains 1

* XER[SO, OV] if OE contains 1

Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.
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machhwu
Multiply Accumulate High Halfword to Word Modulo Unsigned

machhwu RT, RA, RB OE=0, Rc=0
machhwu. RT, RA, RB OE=0, Rc=1
machhwuo RT, RA, RB OE=1, Rc=0
machhwuo. RT, RA, RB OE=1, Rc=1
4 | RT ' RA RB |OE| 12 |Rc|
0 6 11 16 21 22 31

prodg.a1 <= (RA)q:15 X (RB)g.15 unsigned
tempg;az <— prodg:aq + (RT)
(RT) ¢ tempy.37
The high-order halfword of RA is multiplied by the high-order halfword of RB. The unsigned product is
summed with the contents of RT and the sum is stored in a 33-bit temporary register. The contents of
RT are replaced by the low-order 32 bits of the temporary register.
Registers Altered
¢ RT
* CRICRO].T, aT, EQ, s0 if Rc contains 1
¢ XERI[SO, OV] if OE contains 1

Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.
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maclhw
Multiply Accumulate Low Halfword to Word Modulo Signed

maclhw RT, RA, RB OE=0, Rc=0
maclhw. RT, RA, RB OE=0, Rec=1
maclhwo RT, RA, RB OE=1, Rc=0
maclhwo. RT, RA, RB OE=1, Rc=1
4 | RT | RA RB |OE| 428 ch|
0 ) 1 16 21 22 31

prodg.ay < (RA)46:31 X (RB)4¢:34 Signed
tempy.32 ¢— prodg.as + (RT)
(RT) ¢ tempy.3»

The low-order halfword of RA is multiplied by the low-order halfword of RB. The signed product is
summed with the contents of RT and the sum is stored in a 33-bit temporary register. The contents of
RT are replaced by the low-order 32 bits of the temporary register.

Registers Altered
* RT

* CRI[CRO]T aT EQ, so if Rc contains 1
¢ XER[SO, OV] if OE contains 1

Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.
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maclhws
Multiply Accumulate Low Haliword to Word Saturate Signed

maclhws RT, RA, RB OE=0, Rc=0
maclhws. RT, RA, RB OE=0, Rc=1
maclhwso RT, RA, RB OE=1, Rc=0
maclhwso. RT, RA, RB OE=1, Rc=1
4 | RT | RA RB |oe| 492 | ncl
0 6 11 16 21 22 31

prodg:a¢ <= (RA}6:31 X (RB)46:31 Signed

tempy;ao <~ prodg;zq + (RT)

if ((prodg = RTg) A (RTq # tempy)) then (RT) < (RT, | 31(—RTo))
else (RT) < tempy.3»

The low-order halfword of RA is multiplied by the low-order-halfword of RB. The signed product is
summed with the contents of RT and the sum is stored in a 33-bit temporary register.

If a result does not overflow, the low-order 32 bits of the temporary register are stored in RT.

If a result overflows, the returned result is the nearest representable value. Thus, if a result is less
than —231, the value stored in RT is —23'. Likewise, if a result is greater than 23! — 1, the value stored
inRTis 231 - 1.

Registers Altered

* RT

b CR[CRO]LT, GT, EQ, SO if Rc contains 1
* XER[SO, OV]if OE contains 1

Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.
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maclhwsu

Multiply Accumulate Low Halfword to Word Saturate Unsigned

maclhwsu RT, RA, RB OE=0, Rc=0
maclhwsu. RT, RA, RB OE=0, Rc=1
maclhwsuo RT,RA,RB OE=1, Rc=0
maclhwsuo. RT, RA, RB OE=1, Rc=1
4 | RT ‘ RA RB |oe| 460 |Hc|
0 6 11 16 21 22 31

prody.gy < (RA)16:31 X (RB)16:31 Unsigned

tempg;3z ¢~ prody;as + (AT)

(RT) « (tempy.32 v *tempg)
The low-order halfword of RA is multiplied by the low-order halfword of RB. The unsigned product is
summed with the contents of RT and the sum is stored in a 33-bit temporary register.
If a result does not overflow, the low-order 32 bits of the temporary register are stored in RT.

If a result overflows, the returned result is the nearest representable value. Thus, if a result is greater
than 232 — 1, the value stored in RT is 232 — 1.

Registers Altered

¢ RT

* CRICRO].T aT EQ, S0 if Re contains 1

* XER[SO, OV] if OE contains 1

Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.
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maclhwu
Multiply Accumulate Low Halfword to Word Modulo Unsigned

maclhwu  RT, RA, RB OE=0, Re=0
maclhwu. RT, RA, RB OE=0, Re=1
maclhwuo RT, RA, RB OE=1, Rc=0
maclhwuo. RT, RA, RB OE=1, Rc=1
4 . | RT | RA RB IOEI 396 ‘ncl
0 6 11 16 21 22 31

prodg:31 <= (RA)1p:31 X (RB)1g:31 Unsigned
tempg:32 ¢— prodoa¢ + (RT)
(RT) - tempy.37
The low-order halfword of RA is multiplied by the low-order halfword of RB. The unsigned product is
summed with the contents of RT and the sum is stored in a 33-bit temporary register. The contents of
RT are replaced by the low-order 32 bits of the temporary register.
Registers Altered ‘
e RT
* CRICRO]iT @, EQ, so if Rc contains 1
* XER[SO, OV] if OE contains 1

Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.
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mcrf

Move Condition Register Field

merf BF, BFA
19 | ¢ | [ e | 0 B
0 6 PRRRY 14 21 31
m < BFA
n« BF

(CR[CRn]) « (CR[CRm])

The contents of the CR field specified by the BFA field are placed into the CR field specified by the BF
field. '

Registers Altered
¢ CR[CRn] where n is specified by the BF field.

Invalid Instruction Forms
* Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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mcrxr
Move to Condition Register from XER

merxr BF

| 31 | 512 |

31

‘n¢«BF
(CRICRn]) « XERg.3
XERo:s « 10

The contents of XERg.3 are placed into the CR field specified by the BF field. XER.5 are then set to 0.

This transfer is positional, by bit number, so the mnemonics associated with each bit are changed.
See Table 24-18 for clarification.

Table 24-18. Transfer Bit Mnemonic Assignment

Bit XER Usage CR Usage
0 SO LT
1 ov GT
2 CA EQ
3 Reserved SO

If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.

Registers Altered

¢ CRI[CRn] where nis specified by the BF field.
* XER[SO, OV, CA]

Invalid Instruction Forms

* Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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mfcr

Move From Condition Register

mfcr RT

T ; [

(RT) <« (CR)
The contents of the CR are placed into register RT.
If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.
Registers Altered
¢ RT
Invalid Instruction Forms
* Reserved fields
Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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mfdcr

Move from Device Control Register

mfdcr RT, DCRN

31 l RT DCRF a3

DCRN « DCRF5:9 ” DCRFO:4
(RT) < (DCR(DCRN))

The contents of the DCR specified by the DCRF field are placed into register RT.
If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.
Registers Altered

* RT

Invalid Instruction Forms

* Reserved fields
¢ |nvalid DCRF values

Programming Note
Execution of this instruction is privileged.

The DCR number (DCRN) specified in the assembler language coding of mfdcr refers to a DCR
number. The assembler handles the unusual register number encoding to generate the DCRF field.

Architecture Note

This instruction is implementation-specific and may not be portable to other implementations.
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mfmsr

Move From Machine State Register

mfmsr RT

[+ T & s z E

(RT) « (MSR)
The contents of the MSR are placed into register RT.
If instruction bit 31 contains 1, the contents of CR[CROQ] are undefined.
Registers Altered
e RT
Invalid Instruction Forms
* Reserved fields
Programming Note
Execution of this instruction is privileged.
Architecture Note
This instruction is part of the IBM PowerPC Embedded Operating Environment.
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mfspr

Move From Special Purpose Register

‘mfspr RT, SPRN

ﬁ 3 —[ AT SPRF 339

0 6 11 21

SPRN « SPRFsg || SPRFq.4
(RT) « (SPR(SPRN))

The contents of the SPR specified by the SPRF field are placed into register RT. See “Special
Purpose Registers” on page 25-1 for a listing of SPR mnemonics and corresponding SPRN and
SPRF values.

If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.
Registers Altered

* RT

Invalid Instruction Forms

* Reserved fields
¢ Invalid SPRF values

Programming Note

Execution of this instruction is privileged if instruction bit 11 contains 1. See “Privileged Mode
Operation” on page 3-41.

The SPR number (SPRN) specified in the assembler language coding of mfspr refers to an SPR
number (see “Special Purpose Registers” on page 25-1 for a list of SPRN values). The assembler
handles the unusual register number encoding to generate the SPRF field. Also, see “Privileged
SPRs" on page 3-42 for information about privileged SPRs.

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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Table 24-19. Extended Mnemonics for mfspr

mfspr

Move From Special Purpose Register

Mnemonic

Operands

Function

Other
Registers
Changed

mfccr0
mfctr
mfdac1
mfdac2
mfdear
mfdbcr0
mfdberi
mfdbsr
mfdecr
mfdewr
mfdvet
mfdve2
mfesr
mfevpr
mfiact
mfiac2
mfiac3
mfiac4
mficcr
mficdbdr
mflr
mfpid
mfpit
mfpvr
mfsgr
mfsler
mfsprg0
mfsprgt
mfsprg2
mfsprg3
mfsprgd
mfsprg5
mfsprg6
mfsprg7
mfsrr0
mfsrri
mfsrr2
mfsrr3
mfsuOr
mfter
mftsr
mfxer
mfzpr

RT

Move from special purpose register SPRN.
Extended mnemonic for
mfspr RT,SPRN

See “Special Purpose Registers” on page 25-1
for a list of valid SPRN values.
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mftb

Move From Time Base

mftb RT, TBRN

31 RT TBRF 3n

0 6 1 ) 21

TBRN « TBRFs.g (| TBRFq.4
(RT) « (TBR(TBRN))

The contents of the time base register (TBR) specified by the TBRF field are placed into register RT.
The following table lists the TBRN and TBRF values.

Table 24-20. Extended Mnemonics for mfth

TBRN
Register
Mnemonic Register Name Decimal { Hex | TBRF | Access
TBL Time Base Lower 268 0x10C | 0x188 | Read-only
TBU Time Base Upper 269 0x10D | O0x1A8 | Read-only

If TBRN is a value other than those listed in the table, the results are boundedly undefined.

Registers Altered

« RT

Invalid Instruction Forms
* Reserved fields

¢ Invalid TBRF values

Programming Notes

The mnemonic mftb serves as both a hardware mnemonic and an extended mnemonic. The
assembler recognizes an mftb mnemonic having two operands as the hardware form; an mftb
mnemonic having one operand is recognized as the extended form.

The TBR number (TBRN) specified in the assembler language coding of the mftb instruction refers to
a TBR number listed in the preceding table. The assembler handles the unusual register number
encoding to generate the TBRF field.
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Architecture Note

This instruction is part of the IBM PowerPC Embedded Virtual Environment.

Table 24-21. Extended Mnemonics for mftb

mftb

Move From Time Base

Other Registers

Mnemonic | Operands Function Altered
mftb RT Move the contents of TBL into RT.

Extended mnemonic for

mftb RT,TBL
mftbu RT Move the contents of TBU into RT.

Extended mnemonic for

mftb RT,TBU
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mtcrf

Move to Condition Register Fields

mtcrf FXM, RS

| 3t ‘ RS ] FXM [&] 144 | ]
0 6 11 12 ' 20 21 31

mask < “FXMg) | 4(FXMy) [l ... Il “(FXMg) || “(FXM7)
(CR) « ((RS) A mask) v ((CR) A —mask)

Some or all of the contents of register RS are placed into the CR as specified by the FXM field.

Each bit in the FXM field controls the copying of 4 bits in register RS into the corresponding bits in the
CR. The correspondence between the bits in the FXM field and the bit copying operation is shown in
the following table:

FXM Bit Bits
Number Controlled

0 0:3
4:7
8:11
12:15
16:19
20:23
24:27
28:31

Nl o o] B W[ D] =

If instruction bit 31 contains 1, the contents of CR[CRO] are undefined.
Registers Altered
* CR

Invalid Instruction Forms
* Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-22. Extended Mnemonics for mterf

: Other Registers
Mnemonic | Operands Function Altered
mtcr RS Move to CR.

Extended mnemonic for
mtcrf OxFF,RS
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mtdcr

Move To Device Control Register

mtdcr DCRN, RS

' 31 ] RS DCRF 451 [ l

DCRN « DCRFs.g Il DCRFq,4
(DCR(DCRN)) « (RS)

The contents of register RS are placed into the DCR specified by the DCRF field.
If instruction bit 31 contains 1, the contents of CR[CRO] are undefined.
Registers Altered

* DCR(DCRN)

Invalid Instruction Forms

* Reserved fields
¢ |nvalid DCRF values

Programming Note
Execution of this instruction is privileged.

The DCR number (DCRN) specified in the assembler language coding of mtdcr refers to a DCR
number. The assembler handles the unusual register number encoding to generate the DCRF field.

Architecture Note

This instruction is implementation-specific and may not be portable to other implementations.
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mtmsr

Move To Machine State Register

mtmsr RS

[ 31 RS 146

(MSR) « (RS)
The contents of register RS are placed into the MSR.
If instruction bit 31 contains 1, the contents of CR[CRO] are undefined.
Registers Altered
*+ MSR

Invalid Instruction Forms
* Reserved fields

Programming Note

The mtmsr instruction is privileged and execution synchronizing.

Architecture Note
This instruction is part of the IBM PowerPC Embedded Operating Environment.
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mtspr

Move To Special Purpose Register

mtspr SPRN, RS

( 31 | RS SPRF 467 LJ

SPRN « SPRFsg || SPRFg.4
(SPR(SPRN)) « (RS)

The contents of register RS are placed into register RT. See “Special Purpose Registers” on
page 25-1 for a listing of SPR mnemonics and corresponding SPRN and SPRF values.

If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.
Registers Altered
¢ SPR(SPRN)

Invalid Instruction Forms

¢ Reserved fields
¢ Invalid SPRF values

Programming Note

Execution of this instruction is privileged if instruction bit 11 is a 1. See “Privileged SPRs” on
page 3-42 for more information.

The SPR number (SPRN) specified in the assembler language coding of the mtspr instruction refers
to an SPR number (see “Special Purpose Registers” on page 25-1 for a list of SPRN values). The
assembler handles the unusual register number encoding to generate the SPRF field.

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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mtspr

Move To Special Purpose Register -

Table 24-23. Extended Mnemonics for mtspr

Mnemonic

Operands

Function

Other Registers
Altered

mtcer0
mtctr
mtdaci
mtdac2
mtdbcr0
mtdber1
mtdbsr
mtdcer
mtdcwr
mtdear
mtdvel
mtdvc2
mtesr
mtevpr
mtiac1
mtiac2
mtiac3
mtiac4
mticer
mticdbdr
mtlr
mtpid
mtpit
mtpvr
mtsgr
mtsler
mtsprg0
mtsprgi
mtsprg2
mtsprg3
mtsprg4
mtsprg5s
mtsprgb
mtsprg7
mtsrr0
mtsrri
mtsrr2
mtsrr3
misuOr
mttbl
mttbu
mtter
mttsr
mtxer
mtzpr

RS

Move to special purpose register SPRN.
Extended mnemonic for
mtspr SPRN,RS

See “Special Purpose Registers” on page 25-1
for a list of valid SPRN values.
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mulchw
Multiply Cross Halfword to Word Signed

mulchw RT, RA, RB Rc=0

muichw. RT, RA, RB Rc=1

| 4 | RT | RA J RB 168 |Rc|
0 6 11 16 21 31

(RT)g.a1 < (RA)y6.31 X (RB)g:45 signed

The low-order halfword of RA is multiplied by the high-order halfword of RB. The resulting signed
product replaces the contents of RT.

Registers Altered

e RT

. CR[CRO]LT’ GT, EQ, SO if Rc contains 1
Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.

Preliminary Instruction Set 24121



mulchwu
Multiply Cross Halfword to Word Unsigned

mulchwu RT, RA, RB Rc=0

mulchwu. RT, RA, RB Rc=1

I 4 I RT ] RA RB % |nc|
0 6 1" 16 21 31

(RT)o:31 < (RA)4g:31 X (RB)g.15 unsigned

The low-order halfword of RA is multiplied by the high-order halfword of RB. The resulting unsigned
product replaces the contents of RT.

Registers Altered

e RT

. CR[CRO]L'l" GT, EQ, SO if Rc contains 1
Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.
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mulhhw
Multiply High Halfword to Word Signed

mulhhw RT, RA, RB Re=0

mulhhw. RT, RA, RB Rc=1

| 4 i RT [ RA RB 40 ]Rcl
0 6 11 16 21 | a1

(RTo:31 ¢ (RA)g.15 X (RB)q:15 signed
The high-order halfword of RA is multiplied by the high-order halfword of RB. The resulting signed
product replaces the contents of RT.
Registers Altered
* RT
. CR[CRO]LT’ GT, EQ, SO if Rc contains 1
Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.
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mulhhwu
Multiply High Halfword to Word Unsigned

mulhhwu RT, RA, RB Rc=0
mulhhwu. RT, RA, RB Rc=1
4 ’ RT ‘ RA RB 8 |Hc|
0 6 1 16 21 31

(RT)a:31 < (RA)o:15 X (RB)g:15 unsigned
The high-order halfword of RA is multiplied by the high-order halfword of RB. The resulting unsigned
product replaces the contents of RT.
Registers Altered
* RT
* CR[CRO]Lt, gT, EQ, so if Rc contains 1
Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.
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mulhw
Multiply High Word

mulhw RT, RA, RB Rc=0
mulhw. RT, RA, RB Rc=1

‘ 31 | RT | RA RB [ ] 75 JEI

0 6 1" 16 21 22 31

prodg.gz < (RA) X (RB) signed
(RT) « prodg:31°

The 64-bit signed product of registers RA and RB is formed. The most significant 32 bits of the result
is placed into register RT.

Registers Altered

* RT

* CRICRO].T, aT, EQ, so if Rc contains 1
Programming Note

The most significant 32 bits of the product, unlike the least significant 32 bits, may differ depending on
whether the registers RA and RB are interpreted as signed or unsigned quantities. mulhw generates
the correct result when these operands are interpreted as signed quantities. mulhwu generates the
correct result when these operands are interpreted as unsigned quantities.

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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mulhwu

Multiply High Word Unsigned
mulhwu RT, RA, RB Rc=0
mulhwu. RT, RA, RB Re=1

31

prodg.g3 < (RA) x (RB) unsigned
(RT) < prodg.34

The 64-bit unsigned product of registers RA and RB is formed. The most significant 32 bits of the
result are placed into register RT.

Registers Altered

* RT

* CRICROlT, T, EQ, S0 if Rc contains 1
Programming Note

The most significant 32 bits of the product, unlike the least significant 32 bits, may differ depending on
whether the registers RA and RB are interpreted as signed or unsigned quantities. The mulhw
instruction generates the correct result when these operands are interpreted as signed quantities.
The mulhwu instruction generates the correct result when these operands are interpreted as
unsigned quantities.

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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mullhw
Multiply Low Halfword to Word Signed

mullhw RT, RA, RB Rc=0
mullhw. RT, RA, RB Rc=1

L 4 ] RT RA J RB 424 l Flc\‘
16

0 6 11 21 31

(RT)o:31 ¢ (RA)16:31 X (RB)46:31 Signed

The low-order halfword of RA is multiplied by the low-order haifword of RB. The resulting signed
product replaces the contents of RT.

Registers Altered

¢ RT

* CRICRO].1, a1, EQ, so if Re contains 1
Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.
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mullhwu
Multiply Low Halfword to Word Unsigned

mullhwu RT, RA, RB OE=0, Rc=0
mullhwu. RT, RA, RB OE=0, Rc=1

[ 4 I AT | RA r RB r 32 l Fﬂ

0 6 1 16 21 31

(RTo:31 ¢ (RA)yg:31 X (RB)4g:31 Unsigned
The low-order halfword of RA is multiplied by the low-order halfword of RB. The resulting unsigned
product replaces the contents of RT.
Registers Altered
* RT
* CRICRO].T, o, EQ, so if Rc contains 1

Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.
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mulli

Multiply Low Immediate

mulli RT, RA, IM

7 i RT RA ™
0 6 11 16 a1

prodg.47 ¢ (RA) x EXTS(IM) signed
(RT) — prod16:47

The 48-bit product of register RA and the sign-extended [M field is formed. Both register RA and the
IM field are interpreted as signed quantities. The least significant 32 bits of the product are placed into
register RT.

Registers Altered
e RT
Programming Note

The least significant 32 bits of the product are correct, regardless of whether registef RA and field IM
are interpreted as signed or unsigned numbers.

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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mullw

Multiply Low Word

mullw RT, RA, RB OE=0, Rc=0

muliw. RT, RA, RB OE=0, Rc=1

mullwo RT, RA, RB OE=1, Rc=0

mullwo. RT, RA, RB OE=1, Rc=1

| 31 T RT | RA RB |0E| 235 |nc|
0 6 11 16 21 22 31

prodg.gz < (RA) x (RB) signed
(RT) « prodap.g3

The 64-bit signed product of register RA and register RB is formed. The least significant 32 bits of the
result is placed into register RT.

If the signed product cannot be represented in 32 bits and OE=1, XER[SO, OV] are set to 1.
Registers Altered

e RT

. CR[CRO][_‘E GT, EQ, SO if Rc contains 1

¢ XER[SO, OV] if OE=1

Programming Note

The least significant 32 bits of the product are correct, regardless of whether register RA and register
RB are interpreted as signed or unsigned numbers. The overilow indication is correct only if the
operands are regarded as signed numbers.

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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nand

NAND
nand RA, RS, RB Rc=0
nand. RA, RS, RB Re=1
| 31 | RT | RA RB 476 ] Rc]
0 6 11 16 21 31

(RA) < —((RS) A (RB))

The contents of register RS is ANDed with the contents of register RB; the ones complement of the
result is placed into register RA.

Registers Altered
e RA
4 CR[CRO]LT’ GT, EQ, SO if Rc contains 1

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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neg

Negate

neg RT, RA OE=0, Re=0

neg. * RT,RA OE=0, Rc=1

nego RT, RA OE=1, Rc=0

nego. RT, RA OE=1, Rc=1

| 31 ‘ RT RA 104 }Rc‘
0 6 11 31

(RT) « —(RA) +1
The twos complement of the contents of register RA are placed into register RT.

Registers Altered

* RT
» CR[CRO].T a7 EQ, so if Rc contains 1
* XER[SO, OV] if OE=1

Invalid Instruction Forms
¢ Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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_ nmacchw
Negative Multiply Accumulate Cross Halfword to Word Modulo Signed

nmacchw RT, RA, RB OE=0, Rc=0
nmacchw. RT, RA, RB OE=0, Rc=1
nmacchwo RT, RA, RB OE=1, Rc=0
nmacchwo. RT, RA, RB OE=1, Rc=1
4 | RT | RA RB ‘OEI 174 |Rc|
0 6 11 16 21 22 31

nprody;31 <~ —((RA)16:31 X (RB)q.15) signed
tempg.3 <— nprodg.as + (RT)
(RT) < tempy.3o
The low-order halfword of RA is multiplied by the high-order halfword of RB. The negated signed

product is summed with the contents of RT and the sum is stored in a 33-bit temporary register. The
contents of RT are replaced by the low-order 32 bits of the temporary register.

Registers Aliered
¢ RT
* CRICRO].T, aT, EQ, so if Rc contains 1

Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.
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nmacchws
Negative Multiply Accumulate Cross Halfword to Word Saturate Signed

nmacchws RT, RA, RB OE=0, Rc=0
nmacchws. RT, RA, RB OE=0, Re=1
nmacchwso RT, RA, RB OE=1, Rc=0
nmacchwso. RT, RA, RB OE=1, Rec=1
4 | AT [ RA -~ RB || 238 | Re|
] 6 1 16 21 22 31

nprody.as ¢~ —((RA)16:31 X (RB)o.15 signed

tempg,ap ¢— nprodga¢ + (RT)

if ((nprodg = RTg) A (RTq # tempy)) then (RT) « (RTg || 31(—RTy))
else (RT) < tempq.32

The low-order halfword of RA is multiplied by the high-order halfword of RB. The negated signed
product is summed with the contents of RT and the sum is stored in a 33-bit temporary register.

If a result does not overflow, the low-order 32 bits of the temporary register are stored in RT.

If a result overflows, the returned result is the nearest representable value. Thus, if a result is less
than —23! | the value stored in RT is —=2%1. Likewise, if a result is greater than 23! — 1, the value stored
inRTis2%1 -1,

Registers Altered

e RT

* CRICRO].T, T, EQ, so if Rc contains 1

* XER[SO, OV] if OE contains 1

Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.
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nmachhw
Negative Multiply Accumulate High Halfword to Word Modulo Signed

nmachhw RT, RA, RB OE=0, Rc=0
nmachhw.  RT, RA, RB OE=0, Rc=1
nmachhwo RT, RA, RB OE=1, Rc=0
nmachhwo. RT, RA, RB OE=1, Rc=1
4 | RT | RA RB |oe| 46 |Rc|
0 6 11 16 21 22 31

nprodo.a1 = —((RA)g:15 X (RB)o;15) signed
tempg.3; ¢~ nprodga; + (RT)
(RT) < tempy.32
The high-order halfword of RA is multiplied by the high-order halfword of RB. The negated signed

product is summed with the contents of RT and the sum is stored in a 33-bit temporary register. The
contents of RT are replaced by the low-order 32 bits of the temporary register.

Registers Altered

e RT

° CH[CRO]LT" GT, EQ, SO if Rc contains 1
» XER[SO, OV] if OE contains 1
Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.

Preliminary Instruction Set 24-135



nmachhws
Negative Multiply Accumulate High Halfword to Word Saturate Signed

nmachhws RT, RA, RB OE=0, Rc=0
nmachhws. RT, RA, RB OE=0, Re=1
nmachhwso RT, RA, RB OE=1, Rc=0
nmachhwso. RT, RA, RB OE=1, Re=1
4 | RT | RA RB |oe| 110 |Rc|
0 6 11 16 21 22 31

nprodo;zs <= ~((RA);15 X (RB)o:15) signed

tempg.32 < nprody.aq + (RT)

if ((nprodgy = RTg) A (RTy # tempy)) then (RT) « (RTg || 3'(=RTy))
else (RT) < tempy.30

The high-order halfword of RA is multiplied by the high-order halfword of RB. The negated signed
product is summed with the contents of RT and the sum is stored in a 33-bit temporary register.

If a result does not overflow (i.e., it is accurately representable in 32 bits), the low-order 32 bits of the
temporary register are stored in RT.

If a result overflows, the returned result is the nearest representable value. Thus, if a result is less
than —23, the value stored in RT is —23'. Likewise, if a result is greater than 23! — 1, the value stored
in RT is 231 ~ 1.

Registers Altered

e RT

* CRICRO].7, gT, EQ, so if Rc contains 1

¢ XER[SO, OV] if OE contains 1

Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.
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nmaclhw
Negative Multiply Accumulate Low Halfword to Word Modulo Signed

nmaclhw RT, RA, RB OE=0, Rc=0
nmaclhw. RT, RA, RB OE=0, Rc=1
nmaclhwo RT, RA, RB OE=1, Rc=0
nmachlwo. RT, RA, RB OE=1, Rc=1
4 | RT | RA RB |oe[ 430 |Rc|
0 6 1 16 21 22 31

nprodg:a; <~ —((RA)16:31 X (RB)16:31) signed
tempy3p <— nprodg;zq + (RT)
(RT) ¢~ tempy.3,
The low-order halfword of RA is multiplied by the low-order halfword of RB. The negated signed

product is summed with the contents of RT and the sum is stored in a 33-bit temporary register. The
contents of RT are replaced by the low-order 32 bits of the temporary register.

Registers Altered

* RT

* CRI[CROIT, aT, EQ, so if Rc contains 1
¢ XER[SO, OV] if OE contains 1

Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the
architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.
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nmaclhws
Negative Multiply Accumulate High Halfword to Word Saturate Signed

nmaclhws RT, RA, RB . OE=0, Rc=0
nmaclhws. RT, RA, RB OE=0, Rc=1
nmaclhwso RT, RA, RB ‘ OE=1, Rc=0
nmachlwso. RT, RA, RB OE=1, Rc=1
4 | RT | RA RB |oe| 4% |Rc|
0 6 11 16 21 22 ° 31

nprody.ay ¢~ —((RA)16:31 X (RB)1g.34) signed

tempg.gp < nprodg.as + (RT) .
if (nprodo = RTg) A (RTo # tempy)) then (RT) <~ (RTg || *!(—RTg))
else (RT) < tempq.35

The low-order halfword of RA is multiplied by the low-order halfword of RB. The negated signed
product is summed with the contents of RT and the sum is stored in a 33-bit temporary register.

If a result does not overflow, the low-order 32 bits of the temporary register are stored in RT.

If a result overflows, the returned result is the nearest.representable value. Thus, if a result is less
than —23, the value stored in RT is —23', Likewise, if a result is greater than 23! — 1, the value stored
inRTis 2% - 1.

Registers Altered

* RT

* CRI[CRO] T T, EQ, so if Rc contains 1
¢ XER[SO, OV] if OE contains 1-

Architecture Note

This instruction is part of the Multiply-Accumulate instruction set extensions and complies with the

“architectural requirements for APUs of the IBM PowerPC Embedded Environment. As such, it is not
part of the PowerPC Architecture, nor is it part of the IBM PowerPC Embedded Environment.
Programs that use this instruction may not be portable to other implementations.
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nor

NOR
nor RA, RS, RB Rc=0
nor. RA, RS, RB Rc=1
| 31 | RT l RA RB 124 |Rc|
0 6 11 16 21 31

(RA) < —((RS) v (RB))

The contents of register RS is ORed with the contents of register RB; the ones complement of the
result is placed into register RA.

Registers Altered
* RA

* CRICROLT, o1, EQ, so if Rc contains 1

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-24. Extended Mnemonics for nor, nor.

Other Registers
Mnemonic | Operands Function Altered
RA, RS Complement register.
(RA) « —(RS)

Extended mnemonic for
not nor RA,RS,RS

Extended mnemonic for CRI[CRO]
not. nor. RA,RS,RS
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or

OR

or RA, RS, RB Rc=0

or. RA, RS, RB Re=1

| 31 | RS RA RB a4 |Rc|
0 ) 6 11 16 21 31

(RA) « (RS) v (RB)

The contents of register RS is ORed with the contents of register RB; the result is placed into register
RA.

Registers Altered
* RA
. CR[CHO]LT’ GT, EQ, SO if Rc contains 1

Architecture Note
This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-25. Extended Mnemonics for or, or.

Other Registers
Mnemonic | Operands Function Altered
mr RT, RS Move register.
(RT) « (RS)

Extended mnemonic for

or RT,RS,RS
mr. Extended mnemonic for CR[CRO]

or. RT,RS,RS
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orc
OR with Complement

orc RA, RS, RB Rc=0
orc. RA, RS, RB Rc=1
31 | RT RA RB 412 [Rc|
0 6 1 16 21 31

(RA) « (RS) v —(RB)

The contents of register RS is ORed with the ones complement of the contents of register RB; the
result is placed into register RA.

Registers Altered
« RA ,
b CR[CRO]LT' GT, EQ, SO if Rc contains 1

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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ori

OR Immediate
ori RA, RS, IM
24 l RS RA ™
0 ) 11 16 31

(RA) « (RS) v (*0 Il IM)

The IM field is extended to 32 bits by concatenating 16 0-bits on the left. Register RS is ORed with the
extended IM field; the result is placed into register RA.

Registers Altered
* RA

Architecture Note
This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-26. Extended Mnemonics for ori

Other Registers
Mnemonic | Operands Function Changed
nop Preferred no-op; triggers optimizations based on
no-ops.
Extended mnemonic for
ori 0,0,0
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oris
OR Immediate Shifted

oris RA, RS, IM

(RA) < (RS) v (IM || '®0)

The IM Field is extended to 32 bits by concatenating 16 0-bits on the right. Register RS is ORed with
the extended IM field and the result is placed into register RA.

Registers Altered
* RA

Architecture Note
This instruction is part of the PowerPC User Instruction Set Architecture.
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rfci

Return From Critical Interrupt

rfci

‘ 19 51

(PC) « (SRR2)
(MSR) « (SRR3)

The program counter (PC) is restored with the contents of SRR2 and the MSR is restored with the
contents of SRR3.

Instruction execution returns to the address contained in the PC.

Registers Altered
¢ MSR

Programming Note
Execution of this instruction is privileged and context-synchronizing.
Architecture Note

This instruction part of the IBM PowerPC Embedded Operating Environment.
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rfi

Return From Interrupt

rfi

| 19 B e e o | |

(PC) « (SRRO)
(MSR) « (SRR1)

The program counter (PC) is restored with the contents of SRR0O and the MSR is restored with the
contents of SRR1.

Instruction execution returns to the address contained in the PC.

Registers Altered
» MSR

Invalid Instruction Forms
* Reserved fields

Programming Note
Execution of this instruction is privileged and context-synchronizing.
Architecture Note

This instruction is part of the IBM PowerPC Embedded Operating Environment.
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riwimi
Rotate Left Word Immediate then Mask Insert

riwimi RA, RS, SH, MB, ME Rc=0
riwimi. RA, RS, SH, MB, ME Re=1

20 L RS 1 RA j SH MB ME | nc|

0 6 1" 16 21 26 31

r < ROTL((RS), SH)
m < MASK(MB, ME)
(RA) « (rA m) v ((RA) A —m)

The contents of register RS are rotated left by the number of bit positions specified in the SH field. A
mask is generated, having 1-bits starting at the bit position specified in the MB field and ending in the
bit position specified by the ME field, with 0-bits elsewhere.

If the starting point of the mask is at a higher bit position than the ending point, the 1-bits portion of
the mask wraps from the highest bit position back around to the lowest. The rotated data is inserted
into register RA, in positions corresponding to the bit positions in the mask that contain a 1-bit.

Registers Altered
¢ RA
o CR[CHO]LT’ GT, EQ, SO if Rc contains 1

Architecture Note ,
This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-27. Extended Mnemonics for rlwimi, riwimi.

Other Registers
Mnemonic | Operands ’ Function Altered

inslwi RA, RS, n,b | Insert from left immediate (n > 0).
(RA)p:pin-1 ¢ (RS)pin-1
Extended mnemonic for
rlwimi RA,RS,32-b,b,b+n-1

insiwi. Extended mnemonic for CRICRO0]
riwimi. RA,RS,32-b,b,b+n-1

insrwi RA, RS, n, b | Insert from right immediate. (n > 0)
(RA)b:bsn-1 ¢ (RS)32.n:31
Extended mnemonic for
riwimi RA,RS,32-b-n,b,b+n-1

Insrwi. Extended mnemonic for CRICRO0]
riwiml. RA,RS,32-b-n,b,b+n-1 .
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riwinm
Rotate Left Word Immediate then AND with Mask

riwinm RA, RS, SH, MB, ME Rc=0
rlwinm. RA, RS, SH, MB, ME Re=1
21 | RS RA T SH MB ME |nc|
0 6 1 16 21 26 a1

r < ROTL((RS), SH)
m < MASK(MB, ME)
(RAY = rAm

The contents of register RS are rotated left by the number of bit positions specified in the SH field. A
mask is generated, having 1-bits starting at the bit position specified in the MB field and ending in the
bit position specified by the ME field with 0-bits elsewhere.

If the starting point of the mask is at a higher bit position than the ending point, the 1-bits portion of
the mask wraps from the highest bit position back around to the lowest. The rotated data is ANDed
with the generated mask; the resuit is placed into register RA.

Registers Altered

* RA
° CR[CRO]LT’ GT, EQ, SO if Rc contains 1

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-28. Extended Mnemonics for riwinm, riwinm.

Other Registers
Mnemonic | Operands Function Altered

clriwi RA, RS, n Clear left immediate. (n < 32)
(RA)g:n-1 < "0
Extended mnemonic for

rlwinm RA,RS,0,n,31
clriwi. Extended mnemonic for CRICRO]
rlwinm. RA,RS,0,n,31
clrislwi RA, RS, b, n | Clear left and shift left immediate.
(nsb<32)

(RA)b-n:at1-n ¢ (RS)p:a

(RA)3o.n:31 ¢ "0

(RA)o:p-n-1 < 0
Extended mnemonic for
rlwinm RA,RS,n,b-n,31-n

clrisiwi. Extended mnemonic for CRI[CRQ0]
riwinm. RA,RS,n,b-n,31-n
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rlwinm

Rotate Left Word Immediate then AND with Mask

Table 24-28. Extended Mnemonics for riwinm, rlwinm. (continued)

Mnemonic | Operands

Function

Other Registers
Altered

clrrwi RA, RS, n

clrrwi.

Clear right immediate. (n < 32)

(RA)zp.n:31 < "0

Extended mnemonic for
riwinm RA,RS,0,0,31-n

Extended mnemonic for
rlwinm. RA,RS,0,0,31-n

CRICRO]

extlwi RA,RS,n, b

extiwi.

Extract and left justify immediate. (n > 0)
(RA)o:n-1 < (RS)p:ban-1
(RA)p:31 « %10

Extended mnemonic for

rlwinm RA,RS,b,0,n-1

Extended mnemonic for
rlwinm. RA,RS,b,0,n-1

CRICRO]

extrwi RA, RS, n, b

extrwi.

Extract and right justify immediate. (n > 0)
(RA)32-n:31 < (RS)piban-1
(RA)p:31.n « %10

Extended mnemonic for

riwinm RA,RS,b+n,32-n,31

Extended mnemonic for
rlwinm. RA,RS,b+n,32-n,31

CRICRO]

rotlwi RA, RS, n

rotiwi.

Rotate left immediate.

(RA) « ROTL((RS), n)
Extended mnemonic for
riwinm RA,RS,n,0,31

Extended mnemonic for
rlwinm. RA,RS,n,0,31

CRICRO]

rotrwi RA, RS, n

rotrwi.

Rotate right immediate.
(RA) <« ROTL((RS), 32-n)
Extended mnemonic for
riwinm RA,RS,32-n,0,31

Extended mnemonic for
rlwinm. RA,RS,32-n,0,31

CRICRO]

slwi RA, RS, n

slwi.

Shift left immediate. (n < 32)

(RA)o:31.n < (RS)n:31

(RA)32.n:31 < "0
Extended mnemonic for
rlwinm RA,RS,n,0,31-n

Extended mnemonic for
rlwinm. RA,RS,n,0,31-n

CRICRO]
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Table 24-28.

riwinm
Rotate Left Word Immediate then AND with Mask

Extended Mnemonics for rlwinm, riwinm. (continued)

Mnemonic

Operands

Function

Other Registers
Altered

srwi

Srwi.

RA,RS, n

Shift right immediate. (n < 32)
(RA)n:31 < (RS)o:31-n
(RA)gin- < "0
Extended mnemonic for
rlwinm RA,RS,32-n,n,31

Extended mnemonic for
rlwinm. RA,RS,32-n,n,31

CRICRO]
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riwnm
Rotate Left Word then AND with Mask

rlwnm RA, RS, RB, MB, ME Rc=0
riwnm. RA, RS, RB, MB, ME Rec=1
2 1 RS I RA RB MB ME ‘ ncl
0 6 11 16 21 26 31

r < ROTL((RS), (RB)27.31)
m < MASK(MB, ME)
(RA) «ram

The contents of register RS are rotated left by the number of bit positions specified by the contents of
register RBy7.31. A mask is generated, having 1-bits starting at the bit position specified in the MB
field and ending in the bit position specified by the ME field with 0-bits elsewhere.

If the starting point of the mask is at a higher bit position than the ending point, the ones portion of the
mask wraps from the highest bit position back to the lowest. The rotated data is ANDed with the
generated mask and the result is placed into register RA.

Registers Altered

* RA
* CRI[CRO] T gT, EQ, so if Rc contains 1

Architecture Note
This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-29. Extended Mnemonics for riwnm, riwnm.

Other Registers
Mnemonic | Operands Function Altered
rotiw RA, RS, RB | Rotate left.
(RA) « ROTL((RS), (RB)27:31)

Extended mnemonic for

riwnm RA,RS,RB,0,31
rotlw. Extended mnemonic for : CRI[CRO]

rlwnm. RA,RS,RB,0,31
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SC

System Call
sC
[ 7 [ ('] |
0 6 30 31
(SRR1) « (MSR)

(SRR0) « (PC)
PC « EVPRO:15 11 0x0C00
(MSR[WE, EE, PR, DR, IR]) < 0

A system call exception is generated. The contents of the MSR are copied into SRR1 and
(4 + address of sc instruction) is placed into SRRO.

The program counter (PC) is then loaded with the exception vector address. The exception vector
address is calculated by concatenating the high halfword of the Exception Vector Prefix Register
(EVPR) to the left of 0x0COO0.

The MSR[WE, EE, PR, DR, IR] bits are set to 0.
Program execution continues at the new address in the PC.
The sc instruction is context synchronizing.

Registers Altered

 SRRO
+ SRR1
+ MSR[WE, EE, PR, DR, IR]

Invalid Instruction Forms
* Reserved fields ‘

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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slw

Shift Left Word
slw RA, RS, RB
slw. RA, RS, RB

r 31 RS

0 : 6 11

n < (RB)27:31
r < ROTL((RS), n)
if (RB)og = 0 then
m « MASK(0, 31 - n)
else
m « %0
(RA) «rAm

21 31

The contents of register RS are shifted left by the number of bits specified by the contents of register
RB.7.3;. Bits shifted left out of the most significant bit are lost, and 0-bits fill vacated bit positions on

the right. The result is placed into register RA.

If RByog = 1, register RA is set to zero.

Registers Altered
* RA

b CR[CHO]LT‘ GT, EQ, SO if Re contains 1

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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sraw

Shift Right Algebraic Word
sraw RA, RS, RB ~Rc=0
sraw. RA, RS, RB Re=1
f 31 | RS ] RA RB 792 |nc|
0 6 1 16 21 31

n ¢« (RB)a7:3
r « ROTL((RS), 32-n)
if (RB)og = O then
m < MASK(n, 31)
else
m « 30
s « (RS)g
(RA) « (r Am) v (s A —m)
XER[CA] &« s A (r A —m) #0)

The contents of register RS are shifted right by the number of bits specified the contents of register
RBy7.31. Bits shifted out of the least significant bit are lost. Register RSy, is replicated to fill the vacated
positions on the left. The result is placed into register RA.

If register RS contains a negative number and any 1-bits were shifted out of the least significant bit
position, XER[CA] is set to 1; otherwise, it is set to 0.

If bit 26 of register RB contains 1, register RA and XER[CA] are set to bit 0 of register RS.

Registers Altered

* RA
» XERI[CA]
* CR[CROI, g7, EQ, so if Re contains 1

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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srawi
Shift Right Algebraic Word Immediate

srawi RA, RS, SH Rc=0
srawi. RA, RS, SH Re=1
L 3t | RS | RA SH 824 I Rcl
0 6 1 16 21 31
n <« SH

r « ROTL((RS), 32-n)

m < MASK(n, 31)

s « (RS)y

(RA) « (rAm) v (s A —m)
XER[CA] « s A ((r A —m)=0)

The contents of register RS are shifted right by the number of bits specified in the SH field. Bits
shifted out of the least significant bit are lost. Bit RSy is replicated to fill the vacated positions on the
left. The result is placed into register RA.

If register RS contains a negative number and any 1-bits were shifted out of the least s19nlflcant bit
position, XER[CA] is set to 1; otherwise, it is set to 0.

Registers Altered

* RA

* XER[CA]

» CRICRO] 1. GT, EQ, so if Rc contains 1
Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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-SIw

Shift Right Word
srw RA, RS, RB Rc=0
Srw. RA, RS, RB Rc=1
[ 31 ’ RS | RA RB 536 Lni]
0 6 1 16 21 31

n « (RB)p7:31
r < ROTL((RS), 32 -n)
if (RB)26 = Othen

m < MASK(n, 31)
else

m « 320
(RA) «rAam

The contents of register RS are shifted right by the number of bits specified the contents of register
RBy7.31. Bits shifted right out of the least significant bit are lost, and 0-bits fill the vacated bit positions
on the left. The result is placed into register RA.

If bit 26 of register RB contains a one, register RA is set to 0.

Registers Altered
* RA
* CRICRO]T, aT, EQ, so if Rec contains 1

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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stb

Store Byte
stb RS, D(RA)
38 | RS l RA D
0 6 11 16 31

EA « (RAIO) + EXTS(D)
MS(EA, 1) < (RS)a4.31

An effective address (EA) is formed by adding a displacement to a base address. The displacement is
obtained by sign-extending the 16-bit D field to 32 bits. The base address is 0 when the RA field is 0,
and is the contents of register RA otherwise.

The least significant byte of register RS is stored into the byte at the EA.

Registers Altered
* None

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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stbu

Store Byte with Update
stbu RS, D(RA)
L 39 | RS | RA | D
0 6 11 16 31

EA « (RAIO) + EXTS(D)
MS(EA, 1) « (RS)24:31
(RA) « EA

An effective address (EA) is formed by adding a displacement to a base address. The displacement is
obtained by sign-extending the 16-bit D field to 32 bits. The base address is 0 when the RA field is O,
and is the contents of register RA otherwise.

The least significant byte of register RS is stored into the byte at the EA.
The EA is placed into register RA.

Registers Altered

* RA

Invalid Instruction Forms

RA=0

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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stbux
Store Byte with Update Indexed

stbux RS, RA, RB

[ a1 ‘ RS [ RA RB 247

EA < (RAI0) + (RB)
MS(EA, 1) < (RS)24.31
(RA) « EA

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 when the RA field is 0, and is the contents of register RA
otherwise.

The least significant byte of register RS is stored into the byte at the EA.
The EA is placed into register RA.

If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.
Registers Altered

* RA

Invalid Instruction Forms

¢ Reserved fields
e RA=0

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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stbx

Store Byte Indexed

stbx RS, RA, RB

L 31 | RS RA RB 215 [ 1

EA « (RAIO) + (RB)
MS(EA, 1) « (RS)24.31

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 when the RA field is 0, and is the contents of register RA
otherwise.

The least significant byte of register RS is stored into the byte at the EA.
If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.
Registers Altered

* None

Invalid Instruction Forms

* Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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sth

Store Halfword

sth RS, D(RA)

o
=2}
-
oy
oy
o
[4)
urg

EA « (RAI0) + EXTS(D)
MS(EA, 2) « (RS)16:31

An effective address (EA) is formed by adding a displacement to a base address. The displacement is
obtained by sign-extending the 16-bit D field to 32 bits. The base address is 0 when the RA field is 0
and is the contents of register RA otherwise.

The least significant halfword of register RS is stored into the halfword at the EA in main storage.

Registers Altered
* None

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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sthbrx

Store Halfword Byte-Reverse Indexed

sthbrx RS, RA, RB

[ 31 | RS | RA RB 018 [ ]

0 6 1 16 21 31

EA « (RAIO)+(RB).
MS(EA, 2) « (RS)24.31 Il (RS)16:23

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 when the RA field is 0, and is the contents of register RA
otherwise.

The least significant halfword of register RS is byte-reversed. The result is stored into the halfword at
the EA.

If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.

Registers Altered
¢ None

Invalid Instruction Forms
* Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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sthu

Store Halfword with Update

sthu RS, D(RA)

EA « (RAIO) + EXTS(D)
MS(EA, 2) < (RS)16:31
(RA) « EA

An effective address (EA) is formed by adding a displacement to a base address. The displacement is
obtained by sign-extending the 16-bit D field to 32 bits. The base address is 0 when the RA field is 0,
and is the contents of register RA otherwise.

The least significant halfword of register RS is stored into the halfword at the EA.

The EA is placed into register RA.

Registers Altered
* RA

Invalid Instruction Forms
* RA=0
Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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sthux
Store Halfword with Update Indexed

sthux RS, RA, RB

' 31 I RS RA RB 439 | , 1

EA « (RAIO) + (RB)
MS(EA, 2) « (RS)16:31
(RA) « EA

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 when the RA field is 0, and is the contents of register RA
otherwise.

The least significant halfword of register RS is stored into the halfword at the EA.
The EA is placed into register RA.

If instruction bit 31 contains 1, the contents of CR[CRO] are undefined.
Registers Altered

* RA

Invalid Instruction Forms

¢ Reserved fields -
e RA=0

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.

Preliminary Instruction Set 24-163



sthx

Store Halfword Indexed

sthx RS, RA, RB

O L N " ]

EA « (RAIO) + (RB)
MS(EA, 2) « (RS)16:31

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 when the RA field is 0, and is the contents of register RA
otherwise. .

The least significant halfword of register RS is stored into the halfword at the EA.

If instruction bit 31 contains 1, the contents of CR[CRO] are undefined.

Registers Altered

* None

Invalid Instruction Forms
* Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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stmw
Store Multiple Word

stmw RS, D(RA)

a7 | RS I RA D

EA « (RAIQ) + EXTS(D)
r < RS
do while r £ 31
MS(EA, 4) « (GPR(r))
rer+1
EA « EA + 4

An effective address (EA) is formed by adding a displacement to a base address. The displacement is
obtained by sign-extending the 16-bit D field to 32 bits. The base address is 0 when the RA field is 0,
and is the contents of register RA otherwise.

The contents of a series of consecutive registers, starting with register RS and continuing through
GPR(31), are stored into consecutive words starting at the EA.

Registers Altered

* None

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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stswi

Store String Word Immediate

stswi RS, RA, NB

EA < (RAIO)
if NB = 0then
n « 32
else
n <« NB
r< RS -1
ie<20
do while n > 0
if i = 0 then
re—r+1
it r = 32 then
re2o0
MS(EA,1) ¢ (GPR(Ni;s7)
ie—i+8
it i = 32 then
i 0
EA « EA +1
ne<n-1

An effective address (EA) is determined by the RA field. If the RA field contains 0, the EA is 0;
otherwise, the EA is the contents of register RA.

A byte count is determined by the NB field. If the NB field contains 0, the byte count is 32; otherwise,
the byte count is the contents of the NB field.

The contents of a series of consecutive GPRs (starting with register RS, continuing through GPR(31),
wrapping to GPR(0), and continuing to the final byte count) are stored, starting at the EA. The bytes in
each GPR are accessed starting with the most significant byte. The byte count determines the
number of transferred bytes.

If instruction bit 31 contains 1, the contents of CR[CRO] are undefined.

Registers Altered
* None

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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stswx
Store String Word Indexed

stswx RS, RA, RB

l 31 | RS RA RB J 661 [ |

EA < (RAIO) + (RB)
n « XER[TBC]
r< RS -1
ie<0
do while n > 0
if i =0 then
rer+1
if r = 32 then
r<2o0
MS(EA, 1) « (GPR(r);;:7)
i—i+8
if i = 32 then
ie—0
EA <« EA + 1
nen-=1

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 when the RA field is 0, and is the contents of register RA
otherwise.

A byte count is contained in XER[TBC].

The contents of a series of consecutive GPRs (starting with register RS, continuing through GPR(31),
wrapping to GPR(0), and continuing to the final byte count) are stored, starting at the EA. The bytes in
each GPR are accessed starting with the most significant byte. The byte count determines the
number of transferred bytes.

If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.

Registers Altered
¢ None

Invalid Instruction Forms

* Reserved fields

Programming Note

If XER[TBC] = 0, stswx is treated as a no-op.

The PowerPC Architecture states that if XER[TBC] = 0 and if the EA is such that a precise data
exception would normally occur (if not for the zero length), stswx is treated as a no-op and the
precise exception will not occur. Data storage exceptions and alignment exceptions are examples of
precise data exceptions.
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stswx .
Store String Word Indexed

However, the architecture makes no statement regarding imprecise exceptions related to stswx when
XER[TBC] = 0. IBM PowerPC Embedded controllers generate an imprecise exception (machine
check) on this instruction when all of the following conditions are true:

¢ The instruction passes all protection bounds checking

The address is cachable

¢ The address is passed to the data cache

¢ The address misses in the data cache (resulting in a line fill request)

* The address encounters some form of bus error (non-configured, for example)

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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stw
Store Word

stw RS, D(RA)

EA « (RAI0) + EXTS(D)
MS(EA, 4) « (RS)

An effective address (EA) is formed by adding a displacement to a base address. The displacement is
obtained by sign-extending the 16-bit D field to 32 bits. The base address is 0 when the RA field is 0,
and is the contents of register RA otherwise.

The contents of register RS are stored at the EA.

Registers Altered
* None

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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stwbrx

Store Word Byte-Reverse Indexed

stwbrx RS, RA, RB
L 31 | RS | RA | RB 662
0 6 11 16 21

EA « (RAIO) + (RB)
MS(EA, 4) < (RS)24:31 Il (RS)y:23 Il (RS)g:15 Il (RS)g.7

An EA is formed by adding an index to a base address. The index is the contents of register RB. The
base address is 0 when the RA field is 0, and is the contents of register RA otherwise.

The contents of register RS are byte-reversed: the least significant byte becomes the most significant
byte, the next least significant byte becomes the next most significant byte, and so on. The result is
stored into the word at the EA.

If instruction bit 31 contains 1, the contents of CR[CRO] are undefined.

Registers Altered
* None

Invalid Instruction Forms
* Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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stwcx.
Store Word Conditional Indexed

stwex. RS, RA, RB

31 | RS RA RB 150 [J

EA « (RAIO) + (RB)
if RESERVE = 1 then
MS(EA, 4) « (RS)
RESERVE « 0
(CRICRQ]) « 20 || 1 || XERgq
else
(CRICRQ]) « 20 || O || XERgq
An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 when the RA field is 0, and is the contents of register RA
otherwise.

If the reservation bit contains 1 when the instruction is executed, the contents of register RS are
stored into the word at the EA and the reservation bit is cleared. If the reservation bit contains 0 when
the instruction is executed, no store operation is performed.

CRI[CRO0] is set as follows:

* CRI[CRO].t, gt are cleared
* CRI[CRO]gq is set to the state of the reservation bit at the start of the instruction
¢ CRICRO0]gq is set to the contents of the XER[SO] bit

Registers Altered
* CRI[CROLr, aT,EQ, SO
Programming Note

lwarx and the stwex. instruction should paired in a loop, as shown in the following example, to create
the effect of an atomic operation to a memory area used as a semaphore between asynchronous
processes. Only lwarx can set the reservation bit to 1. stwcx. sets the reservation bit to 0 upon its
completion, whether or not stwex. sent (RS) to memory. CR[CRO]gq must be examined to determine
whether (RS) was sent to memory. :

loop: Iwarx # read the semaphore from memory; set reservation
“alter” # change the semaphore bits in register as required
stwex. # attempt to store semaphore; reset reservation
bneloop  # an asynchronous process has intervened; try again

If the asynchronous process in the code example had paired Iwarx with a store other than stwex., the
reservation bit would not have been cleared in the asynchronous process, and the code example
would have overwritten the semaphore.

Exceptions

An alignment exception occurs if the EA is not word-aligned.
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stwcex.
Store Word Conditional Indexed

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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stwu
Store Word with Update

stwu RS, D(RA)

| 37 | RS | RA D

EA « (RAIO) + EXTS(D)
MS(EA, 4) « (RS)
(RA) « EA

An effective address (EA) is formed by adding a displacement to a base address. The displacement is
obtained by sign-extending the 16-bit D field to 32 bits. The base address is 0 when the RA field is 0,
and is the contents of register RA otherwise.

The contents of register RS are stored into the word at the EA.
The EA is placed into register RA.

Registers Altered

* RA

Invalid Instruction Forms

e RA=0

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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stwux
Store Word with Update Indexed

stwux " RS,RARB

| 3 | RS RA RB 183

EA « (RAIO) + (RB)
MS(EA, 4) « (RS)
(RA) « EA

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 when the RA field is 0, and is the contents of register RA
otherwise.

The contents of register RS are stored into the word at the EA.

The EA is placed into register RA.

If instruction bit 31 contains 1, the contents of CR[CROQ] are undefined.
Registers Altered

* RA

Invalid Instruction Forms

¢ Reserved fields
e RA=0

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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stwx
Store Word Indexed

stwx RS, RA, RB

[ 31 [ RS - RA RB 151 [ ]

EA « (RAIO) + (RB)
MS(EA,4) « (RS)

An effective address (EA) is formed by adding an index to a base address. The index is the contents
of register RB. The base address is 0 when the RA field is 0, and is the contents of register RA
otherwise.

The contents of register RS are stored into the word at the EA.

If instruction bit 31 contains 1, the contents of CR[CRO0] are undefi\ned.
Registers Altered

* None

lnvali'd Instruction Forms

* Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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subf

Subtract From

subf RT, RA, RB OE=0, Rc=0

subf. RT, RA, RB OE=0, Rc=1

subfo RT, RA, RB OE=1, Rc=0

subfo. RT, RA, RB OE=1, Rc=1

{ 31 | RT RA RB IOE] 40 |Rc|
0 5 1 16 21 22 31

(RT) « —(RA) + (RB) + 1
The sum of the ones complement of register RA, register RB, and 1 is stored into register RT.

Registers Altered

e RT

. CR[CRO]LT’ GT, EQ, SO if Rc contains 1
¢ XER[SO, OV] if OE contains 1

Architecture Note
This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-30. Extended Mnemonics for subf, subf., subfo, subfo.

Other Registers
Mnemonic | Operands Function Altered
sub RT, RA, RB | Subtract (RB) from (RA).
(RT) « —(RB) + (RA) + 1.
Extended mnemonic for
subf RT,RB,RA
sub. Extended mnemonic for CRICRO0]
subf. RT,RB,RA
subo Extended mnemonic for XERI[SO, OV]
subfo RT,RB,RA
subo. Extended mnemonic for CRI[CRO0]
subfo. RT,RB,RA XERI[SO, OV]
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subfc
Subtract From Carrying

subfc RT, RA, RB OE=0, Rc=0

subfc. RT, RA, RB OE=0, Rc=1

subfco RT, RA, RB OE=1, Rc=0

subfco. RT, RA, RB OE=1, Re=1

l 31 | AT RA RB OE| 8 Wl
0 6 11 16 21 22 31

(RT) « —(RA)+ (RB) + 1 .
if ~(RA) + (RB) + 1 2% -1 then
XER[CA] « 1
else
XER[CA] « 0

The sum of the ones complement of register RA, register RB, and 1 is stored into register RT.

XER[CA] is set to a value determined by the unsigned magnitude of the result of the subtract
operation.

Registers Altered

e RT

* XER[CA]

. CR[CRO]LT’ GT, EQ, SO if Rc contains 1
* XER[SO, OV} if OE contains 1
Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-31. Extended Mnemonics for subfc, subfc., subfco, subfco.

Other Registers
Mnemonic| Operands Function Altered
sube RT, RA, RB | Subtract (RB) from (RA).
(RT) « —(RB) + (RA) + 1.
Place carry-out in XER[CA].
Extended mnemonic for
subfc RT,RB,RA
subc. Extended mnemonic for CRI[CRO0]
subfc. RT,RB,RA
subco Extended mnemonic for . | XER[SO, OV]
subfco RT,RB,RA
subco. Extended mnemonic for CRI[CRO0]
subfco. RT,RB,RA XERI[SO, OV]
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subfe

Subtract From Extended

subfe RT, RA, RB OE=0, Rc=0
subfe. RT, RA, RB OE=0, Rc=1
subfeo RT, RA, RB OE=1, Rc=0
subfeo. RT, RA, RB OE=1, Rc=1

| 31 1 RT 711 RA RB TOE' 136 Fﬂ

16 21 22 31

(RT) « —(RA) + (RB) + XER[CA]

if —(RA) + (RB) + XER[CA] & 2% —1 then
XER[CA] « 1

else
XER[CA] <0

The sum of the ones complement of register RA, register RB, and XER[CA] is placed into register RT.

XERICA] is set to a value determined by the unsigned magnitude of the result of the subtract
operation.

Registers Altered

¢ RT

¢ XER[CA]

. CH[CRO]LT’ GT, EQ, SO if Rc contains 1
¢ XER[SO, OV] if OE contains 1
Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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subfic

Subtract From Immediate Carrying

subfic RT, RA, IM

(RT) & —(RA) + EXTS(IM) + 1

if =(RA) + EXTS(IM) + 1 £ 2%2—1 then
XER[CA] <1

else
XER[CA] « 0

The sum of the ones complement of RA, the IM field sign-extended to 32 bits, and 1 is placed into
register RT.

XER[CA] is set to a value determined by the unsigned magnitude of the result of the subtract
operation.

Registers Altered
e RT
¢ XER[CA]

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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subfme ;

Subtract from Minus One Extended

subfme RT, RA OE=0, Rc=0
subfme. RT, RA OE=0, Rc=1
subfmeo RT, RA OE=1, Rc=0
subfmeo. RT, RA OE=1, Re=1
[ 31 T AT I RA B loel pove ch}

0 6 11 16 21 22 31

(RT) « —(RA) -1+ XER[CA]

if =(RA) + OXFFFF FFFF + XER[CA] & 2%2 -1 then
XER[CA] « 1 :

else
XER[CA] « 0

The sum of the ones complement of register RA, ~1, and XER[CA] is placed into register RT.

XER[CA] is set to a value determined by the unsigned magnitude of the result of the subtract
operation.

Registers Altered

« RT

* CRICRO].7, a1, EQ, so if Re contains 1
* XER[SO, OV] if OE contains 1

¢ XER[CA]

Invalid Instruction Forms

¢ Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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subfze

Subtract from Zero Extended

subfze RT, RA OE=0, Rc=0
subfze. RT, RA OE=0, Rc=1
subfzeo RT, RA OE=1, Rc=0
subfzeo. RT, RA OE=1, Re=1
31 l RT RA ] OE | 200 I Re [
0 6 11 16 21 22 31

(RT) « —(RA) + XER[CA]

if =(RA) + XER[CA] & 2%2 -1 then
XER[CA] « 1

else
XER[CA] <0

The sum of the ones complement of register RA and XER[CA] is stored into register RT.

XERI[CA] is set to a value determined by the unsigned magnitude of the result of the subtract
operation.

Registers Altered

e RT

o XER[CA]

* CRICROLT 6T, EQ, soif Rc contains 1
* XER[SO, OV] if OE contains 1
Invalid Instruction Forms

¢ Reserved fields

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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sync

Synchronize

sync

31 598

21

The sync instruction guarantees that all instructions initiated by the processor preceding sync will
complete before sync completes, and that no subsequent instructions wili be initiated by the
processor until after sync completes. When sync completes, all storage accesses that were initiated
by the processor before the sync instruction will have been completed with respect to all mechanisms
that access storage.

If instruction bit 31 contains 1, the contents of CR[CRO] are undefined.
Registers Altered

* None.

Invalid Instruction Forms

* Reserved fields

Programming Note

Architecturally, the eieio instruction orders storage access, not instruction completion. Therefore, -
non-storage operations that follow eieio could complete before storage operations that precede eieio.
The sync instruction guarantees ordering of instruction completion and storage access. For the
PPC405GP, the eieio instruction is implemented to behave as a sync instruction.

To write code that is portable between various PowerPC implementations, programmers should use
the mnemonic that corresponds to the desired behavior.

Architecture Note
This instruction is part of the PowerPC User Instruction Set Architecture.
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tibia

TLB Invalidate All

tibia

31 e e R 370 | |
0 6 21 31

All of the entries in the TLB are invalidated and become unavailable for translation by clearing the
valid (V) bit in the TLBHI portion of each TLB entry. The rest of the fields in the TLB entries are
unmodified.

Registers Altered

* None.

Invalid Instruction Forms
* None.

Programming Note

This instruction is privileged. Translation is not required to be active during the execution of this
instruction. The effects of the invalidation are not guaranteed to be visible to the programming model
until the completion of a context synchronizing operation.

Architecture Note

This instruction is part of the IBM PowerPC Embedded Operating Environment.
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‘tibre

TLB Read Entry

tibre RT, RA, WS
[ 31 | RT | RA ws 946
0 6 1 16 21
if WS, =1
(RT) « TLBLO[(RAss51)]
else

(RT) « TLBHI[(RA2.31)]
(PID) « TID from TLB[(RAgs.31)]

The contents of the selected TLB entry is placed into register RT (and possibly into PID).

Bits 26:31 of the contents of RA is used as an index into the TLB. If this index specifies a TLB entry
that does not exist, the results are undefined.

The WS field specifies which portion (TLBHI or TLBLO) of the entry is loaded into RT. If TLBHI is
being accessed, the PID SPR is set to the value of the TID field in the TLB entry.

If the WS field is not 0 or 1, the instruction form is invalid and the result is undefined.

If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.

Registers Altered
* RT
* PID(f ws=0)

Invalid Instruction Forms

* Reserved fields
* |nvalid WS value

Programming Notes

This instruction is privileged. Translation is not required to be active during the execution of this
instruction.

The contents of RT after the execution of this instruction are interpreted as follows:

If WS 0 (TLBHI):

0:21] « EPNJ[0:21]
RT 22:24] « SIZE[0:2]
RT[25] « V
RT[26] « E
RT[27] « UO
RT[28:31] <0
PID[24:31] < TID[0:7]; (note that the TID is copied to the PID, not to RT)

If WS = 1 (TLBLO):

RT[0:21] « RPN[0:21]

RT[22:23] « EX,WR

RT[24:27] « ZSEL[0:3]

RT[28:31] « WIMG

_'
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Architecture Note

This instruction part of the IBM PowerPC Embedded Operating Environment.

Table 24-32. Extended Mnemonics for tibre

tibre

TLB Read Entry

Mnemonic

Operands

Function

Other Registers
Altered

tibrehi

RT, RA

Load TLBHI portion of the selected TLB entry into RT.
Load the PID register with the contents of the TID field
of the selected TLB entry.
(RT) « TLBHI[(RA)]
(PID) « TLB[(RA)Inp

Extended mnemonic for

tibre RT,RA,0

tibrelo

RT, RA

Load TLBLO portion of the selected TLB entry into
RT.
(RT) « TLBLOI[(RA)]

Extended mnemonic for

tibre RT,RA,1
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tibsx

TLB Search Indexed

tibsx RT, RA, RB Rc=0

tibsx. RT, RA, RB Rc=1

| 31 | RT RA " RB 914 lnc|
0 6 1 16 21 31

EA « (RAIO) + (RB)
ifRc=1
CRICRO] 1«0
CRICRO]gT < 0
CR[CRO]go <= XER[SO]
if Valid TLB entry matching EA and PID is in the TLB then
(RT) « Index of matching TLB Entry
ifRc=1
CRI[CRO]gq « 1
else
(RT) Undefined
ifRc=1 .
CR[CRO]gq «- 0

An effective address is formed by adding an index to a base address. The index is the contents of
register RB. The base address is 0 if the RA field is 0 and is the contents of register RA otherwise.

The TLB is searched for a valid entry which translates EA and PID. See XREF for details. The record
bit (Rc) specifies whether the results of the search will affect CR[CRO] as shown above. The intention
is that CR[CRO]gq can be tésted after a tibsx. instruction if there is a possibility that the search may
fail.

Registers Altered
* CR[CRO]LT’ GT, EQ, SO if Rc contains 1

Invalid Instruction Forms
¢ None.

Programming Note

This instruction is privileged. Translation is not required to be active during the execution of this
instruction.

Architecture Note

This instruction part of the IBM PowerPC Embedded Operating Environment.
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tibsync

TLB Synchronize

tibsync

, 31 [ ' 566 | l
0 6 21 31

The tibsync instruction is provided in the PowerPC architecture to support synchronization of TLB
operations among the processors of a multi-processor system. In the PPC405GP, this instruction
pe_rforms no operation, and is provided to facilitate code portability.

Registers Altered

= None.

Invalid Instruction Forms
* None.

Programming Notes

This instruction is privileged. Translation is not required to be active during the execution of this
instruction.

Since the PPC405GP does not support tightly-coupled multiprocessor systems, tlbsyne performs no
operation.

Architecture Note

This instruction is part of the IBM PowerPC Embedded Operating Environment.
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tibwe
TLB Write Entry

tibwe RS, RA, WS

31 ‘ RS | RA ws 978 [

if WSy = 1
TLBLO[(RAz6:31)] < (RS)
else
TLBHI[(RAzg.3¢)] < (RS)
TID of TLB[(RAz6.31)] ¢ (PID24:31)

The contents of the selected TLB entry is replaced with the contents of register RS (and possibly
PID).

Bits 26:31 of the contents of RA are used as an index into the TLB. if this index specifies a TLB entry
that does not exist, the results are undefined.

The WS field specifies which portion (TLBHI or TLBLO) of the entry is replaced from RS. For
instructions that specify TLBHI, the TID field in the TLB entry is supplied from PIDp4.5¢.

If the WS field is not O or 1, the instruction form is invalid and the result is undefined.

If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.

Registers Altered
* None.

Invalid Instruction Forms
e Reserved fields

¢ Invalid WS value

Programming Notes

This instruction is privileged. Translation is not required to be active during the execution of this
instruction.

The effects of this update are not guaranteed to be visible to the programming model until the
completion of a context synchronizing operation. For example, updating a zone selection field within
the TLB while in supervisor code should be followed by an isync instruction (or other context
synchronizing operation) to guarantee that the desired translation and protection domains are used.

tibwe writes the TLB fields from RS and the PID as follows:

If WS =0 (TLBHI):
EPN[0:21] « RS[0:21]
SIZE[0:2] « RS[22:24]
V « RS[25]
E « RS[26])
U0« RS[27]
TID[0:7] « PID[24:31]; (note that the TID is written from the PID, not RS)
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tibwe

TLB Write Entry

If WS = 1 (TLBLO):
RPN[0:21] « RT[0:21]
EX,WR « RS[22:23]
ZSEL[0:3] « RS[24:27]
WIMG < RS[28:31]

Architecture Note

This instruction part of the IBM PowerPC Embedded Operating Environment.

Table 24-33. Extended Mnemonics for tibwe

Other
Registers
Mnemonic | Operands Function Altered

tibwehi RS, RA Write TLBHI portion of the selected TLB entry from
RS.
Write the TID register of the selected TLB entry from
the PID register.
TLBHI[(RA)] < (RS)
TLB[(RA)Itip <~ (PID24:31)

Extended mnemonic for

tibwe RS,RA,0

tibwelo RS, RA Write TLBLO portion of the selected TLB entry from
RS.
TLBLO[(RA)] < (RS)

Extended mnemonic for

tibwe RS,RA,1
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tw
Trap Word

tw

TO, RA, RB

31 —[ TO I nA RB [ 4

6 . 11 16 21 31

if ( (RA) < RB)ATOg =1) v
(RA) > (RBYATO; = 1) v
(RA) = (RB)ATO, = 1) v
((RA) < (RB)ATOg = 1) v

)
((RA) & (RB) ATO4 = 1) ) then TRAP (see details below)

Register RA is compared with register RB. If any comparison condition selected by the TO field is
true, a TRAP occurs. The behavior of a TRAP depends upon the debug mode of the processor, as
described below:

If TRAP is not enabled as a debug event (DBCR[TDE] = 0 or DBCR[EDM,IDM] = 0,0):
TRAP causes a program interrupt. See “Program Interrupt’ on page 10-40.

SRRO) « address of tw instruction
SRR1) « (MSR)

(ESR[PTR]) « 1

(MSR[WE, EE, PR, DR, IR]) «- 0
PC « EVPRy.15 Il 0x0700

If TRAP is enabled as an external debug event (DBCR[TDE] = 1 and DBCR[EDM] = 1):
TRAP goes to the debug stop state, to be handled by an external debugger with hardware control.
(DBSRITIE]) « 1

In addition, if TRAP is also enabled as an internal debug event (DBCR[IDM] = 1)
and debug exceptions are disabled (MSR[DE] = 0), then report an imprecise event:

(DBSRIIDE]) « 1
PC « address of tw instruction

If TRAP is enabled as an internal debug event and not an external debug event (DBCR[TDE] = 1
and DBCR[EDM,IDM] = 0,1) and debug exceptions are enabled (MSR[DE] = 1):

TRAP causes a debug interrupt. See “Debug Interrupt” on page 10-44.

(SRR2) « address of tw instruction
(SRR3) « (MSR)

(DBSRITIE]) « 1

(MSR[WE, EE, PR, CE, DE, DR, IR]) < 0
PC « EVPRg.15 11 0x2000

If TRAP is enabled as an internal debug event and not an external debug event (DBCR[TDE] = 1
and DBCR[EDM,IDM] = 0,1) and Debug Exceptions are disabled (MSR[DE] = 0):

TRAP reports the debug event as an imprecise event and causes a program interrupt. See
“Program Interrupt” on page 10-40.
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tw
Trap Word

(SRRO0) « address of tw instruction
(SRR1) « (MSR)
(ESR[PTR]) « 1
(DBSRI[TIE,IDE]) « 1,1
(MSR[WE, EE, PR, DR, IR]) « 0
PC « EVPRg.15 Il 0x0700
If instruction bit 31 contains 1, the contents of CR[CRO] are undefined.
Registers Altered
* None
Invalid Instruction Forms
¢ Reserved fields
Programming Note

This instruction is inserted into the execution stream by a debugger to implement breakpoints, and is
not typically used by application code.

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-34. Extended Mnemonics for tw

OtherRegisters
Mnemonic | Operands Function Altered

trap Trap unconditionally.
Extended mnemonic for
tw 31,0,0

tweq RA, RB Trap if (RA) equal to (RB).
Extended mnemonic for
tw 4,RA,RB

twge RA, RB Trap if (RA) greater than or equal to (RB).
Extended mnemonic for
tw 12,RA,RB

twgt RA, RB Trap if (RA) greater than (RB).
Extended mnemonic for
tw 8,RA,RB

twle RA, RB Trap if (RA) less than or equal to (RB).
Extended mnemonic for
tw 20,RA,RB

twige RA, RB Trap if (RA) logically greater than or equal to (RB).
Extended mnemonic for
tw 5,RA,RB

twigt RA, RB Trap if (RA) logically greater than (RB).
Extended mnemonic for
tw 1,RA,RB
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tw
Trap Word

Table 24-34. Extended Mnemonics for tw (continued)

Mnemonic

Operands

Function

Other Registers
Altered

twlle

RA, RB

Trap if (RA) logically less than or equal to (RB).
Extended mnemonic for
tw 6,RA,RB

twiit

RA, RB

Trap if (RA) logically less than (RB).
Extended mnemonic for
tw 2,RA,RB

twing

RA, RB

Trap if (RA) logically not greater than (RB).
Extended mnemonic for
tw 6,RA,RB

twinl

RA, RB

Trap if (RA) logically not less than (RB).
Extended mnemonic for
tw 5,RA,RB

twit

RA, RB

Trap if (RA) less than (RB).
Extended mnemonic for
tw 16,RA,RB

twne

RA, RB

Trap if (RA) not equal to (RB).
Extended mnemonic for
tw 24,RA,RB

twng

RA, RB

Trap if (RA) not greater than (RB).
Extended mnemonic for
tw 20,RA,RB

twnl

RA, RB

Trap if (RA) not less than (RB).
Extended mnemonic for
tw 12,RA,RB

24-192 PPC405GP User's Manual Preliminary




_ twi
Trap Word Immediate

twi TO, RA, IM

if( ((RA) < EXTS(IM) A TOg
((RA) > EXTS(IM) A TO;
((RA) = EXTS(IM) A TO,
((RA) £ EXTS(IM) A TOg
((RA) & EXTS(IM) A TO4

-
< < <

1) v
1) ) then TRAP (see details below)

nuwonnn
—_
=

Register RA is compared with the IM field, which has been sign-extended to 32 bits. If any
comparison condition selected by the TO field is true, a TRAP occurs. The behavior of a TRAP
depends upon the Debug Mode of the processor, as described below:

¢ |f TRAP is not enabled as a debug event (DBCR[TDE] = 0 or DBCR[EDM,IDM] = 0,0):
TRAP causes a program interrupt. See “Program Interrupt” on page 10-40.

(SRRO) « address of twi instruction
(SRR1) « (MSR)

(ESR[PTR]) « 1

(MSRI[WE, EE, PR, DR, IR]) «< 0

PC « EVPRy.5 Il 0x0700

¢ If TRAP is enabled as an External debug event (DBCR[TDE] = 1 and DBCR[EDM] = 1):

TRAP goes to the Debug Stop state, to be handled by an external debugger with hardware control
of the PPC405GP.

(DBSRITIE]) « 1
In addition, if TRAP is also enabled as an Internal debug event (DBCR[IDM] = 1)
and Debug Exceptions are disabled (MSR[DE] 0), then report an imprecise event:
(DBSRI[IDE]) « 1

PC « address of twi instruction

* |If TRAP is enabled as an Internal debug event and not an External debug event (DBCR[TDE] = 1
and DBCR[EDM,IDM] = 0,1) and Debug Exceptions are enabled (MSR[DE] = 1):

TRAP causes a Debug interrupt. See “Debug Interrupt” on page 10-44.

(SRR2) « address of twi instruction
(SRR3) « (MSR)

(DBSR[TIE]) « 1

(MSRI[WE, EE, PR, CE, DE, DR, IR]) « 0
PC < EVPR.45 Il 0x2000

¢ |f TRAP is enabled as an Internal debug event and not an External debug event (DBCR[TDE] = 1
and DBCR[EDM,IDM] = 0,1) and Debug Exceptions are disabled (MSR[DE] = 0):

TRAP will report the debug event as an imprecise event and will cause a Program interrupt. See
“Program Interrupt” on page 10-40.
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twi

Trap Word Immediate

(SRRO) « address of twi instruction
(SRR1) « (MSR)

(ESRI[PTR]) « 1

(DBSR[TIE,IDE]) « 1,1

(MSR[WE, EE, PR, DR, IR]) < 0

PC < EVPRg.y5 Il 0x0700

Registers Altered
* None
Programming Note

This instruction is inserted into the execution stream by a debugger to implement breakpoints, and is
not typically used by application code.

Architecture Note
This instruction is part of the PowerPC User Instruction Set Architecture.

Table 24-35. Extended Mnemonics for twi

Other Registers
Mnemonic | Operands Function Altered

tweqi RA, IM Trap if (RA) equal to EXTS(IM).
Extended mnemonic for
. twi 4,RA,IM

twgei RA, IM Trap if (RA) greater than or equal to EXTS(IM).
Extended mnemonic for
twi 12,RA,IM

twati RA, IM Trap if (RA) greater than EXTS(IM).
Extended mnemonic for
twi 8,RA,IM

twlei RA, IM Trap if (RA) less than or equal to EXTS(IM).
Extended mnemonic for
twi 20,RA,IM

twigei RA, IM Trap if (RA) logically greater than or equal to
EXTS(IM).

Extended mnemonic for

twi 5,RA,IM

twigti RA, IM Trap if (RA) logically greater than EXTS(IM).
Extended mnemonic for
twi 1,RA,IM

twilei RA, IM Trap if (RA) logically less than or equal to EXTS(IM).
Extended mnemonic for
twi 6,RA,IM

twilti RA, IM Trap if (RA) logically less than EXTS(IM).
Extended mnemonic for
twi 2,RA,IM

twingi RA, IM Trap if (RA) logically not greater than EXTS(IM).
Extended mnemonic for
twi 6,RA,IM

24-194  PPC405GP User's Manual Preliminary



Table 24-35. Extended Mnemonics for twi (continued)

twi

Trap Word Immediate

Other Registers

Mnemonic | Operands Function Altered
twinli RA, IM Trap if (RA) logically not less than EXTS(IM).

Extended mnemonic for

twi 5,RA,IM
twiti RA, IM Trap if (RA) less than EXTS(IM).

Extended mnemonic for

twi 16,RA,IM
twnei RA, IM Trap if (RA) not equal to EXTS(IM).

Extended mnemonic for

twi 24,RA,IM
twngi RA, IM Trap if (RA) not greater than EXTS(IM).

Extended mnemonic for

twi 20,RA,IM
twnli RA, IM Trap if (RA) not less than EXTS(IM).

Extended mnemonic for

twi 12,RA,IM
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wrtee

Write External Enable

wrtee RS

r 3 RS

0 6

MSRIEE] « (RS)y6

The MSRIEE] is set to the value specified by bit 16 of register RS.

If instruction bit 31 contains 1, the contents of CR[CRO0] are undefined.

Registers Altered .

* MSRIEE]

Invalid Instruction Forms:

* Reserved fields

Programming Note

Execution of this instruction is privileged.

This instruction is used to provide atomic update of MSR[EE]. Typical usage is:
mfmsr Rn  #save EE in Rn[16]

wrteei 0 #Turn off EE
. #Code with EE disabled

L]
L

wrtee Rn  #restore EE without affecting any MSR changes that occurred in the disabled code
Architecture Note

This instruction part of the IBM PowerPC Embedded Operating Environment.
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wrteei

Write External Enable Immediate

wrteei E

31 |E[ 163 [ l
0 6 16 17 21 31

MSRIEE] « E
MSRIEE] is set to the value specified by the E field.
If instruction bit 31 contains 1, the contents of CR[CRO] are undefined.
Registers Altered
* MSRIEE]
Invalid Instruction Forms:
* Reserved fields
Programming Note
Execution of this instruction is privileged. _
This instruction is used to provide an atomic update of MSR[EE]. Typical usage is:

mfmsr Rn  #save EE in Rn[16]

wrteei 0 #Turn off EE
o #Code with EE disabled

wrtee Rn  #restore EE without affecting any MSR changes that occurred in the disabled code
Architecture Note

This instruction part of the IBM PowerPC Embedded Operating Environment.
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Xor

XOR

xor RA, RS, RB Rc=0

xor. RA, RS, RB Rc=1

| 3 | RS RA RB 316 |Rc|
0 6 11 16 21 31

(RA) « (RS) ® (RB)

The contents of register RS are XORed with the contents of register RB; the result is placed into
register RA.

Registers Altered

* CRI[CROQ),7, T, EQ, so if Rc contains 1
* RA

Architecture Note
This instruction part of the IBM PowerPC Embedded Operating Environment.
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XOri
XOR Immediate

xori RA, RS, IM

(RA) « (RS) ® (%0 I IM)

The IM field is extended to 32 bits by concatenating 16 0-bits on the left. The contents of register RS
are XORed with the extended IM field; the result is placed into register RA.

Registers Altered
¢ RA

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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Xoris
XOR Immediate Shifted

xoris RA, RS, IM

27 | RS | RA M

(RA) < (RS) @ (IM 1l 'e0)

The IM field is extended to 32 bits by concatenating 16 0-bits on the right. The contents of register RS
are XORed with the extended IM field; the result is placed into register RA.

Registers Altered
* RA '

Architecture Note

This instruction is part of the PowerPC User Instruction Set Architecture.
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Chapter 25. Register Summary

The registers are grouped into categories, based on access mode: General Purpose Registers
(GPRs), Special Purpose Registers (SPRs), Time Base Registers (TBRs), the Machine State
Register (MSR), the Condition Register (CR), Device Control Registers (DCRs), and memory-
mapped I/O (MMIO) registers.

25.1 Reserved Registers

Any register numbers not listed in the tables which follow are reserved, and should be neither read
nor written. These reserved register numbers may be used for additional functions on future PowerPC
embedded products.

25.2 Reserved Fields

For all registers with fields marked as reserved, the reserved fields should be written as zero and read
as undefined. That is, when writing to a reserved field, write a zero to that field. When reading from a
reserved field, ignore that field.

The recommended coding practice is to perform the initial write to a register with reserved fields as
described in the preceding paragraph, and to perform all subsequent writes to the register using a
read-modify-write strategy: read the register, alter desired fields with logical instructions, and then
write the register.

25.3 General Purpose Registers

The PPC405GP processor core provides 32 General Purpose Registers (GPRs). The contents of
these registers can be loaded from memory using load instructions and stored to memory using store
instructions. GPRs are also addressed by all integer instructions.

Table 25-1. PPC405GP General Purpose Registers

GPR Number
Mnemonic Register Name Decimal Hex Access
R0O-R31 General Purpose Register 0-31 0-31 0x0-0x1F | Read/Write

25.4 Machine State Register and Condition Register

Because these registers are accessed using special instructions, they do not require addressing.

25.5 Special Purpose Registers

Special Purpose Registers (SPRs), which are part of the PowerPC Embedded Architecture, are
accessed using the mtspr and mfspr instructions. SPRs control the use of the debug facilities,
timers, interrupts, storage control attributes, and other architected processor resources.
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Table 25-2 shows the mnemonics, names, and numbers of the SPRs. The columns under “SPRN” list
the register numbers used as operands in assembler language coding of the mfspr and mtspr i
instructions. The column labeled “SPRF” lists the corresponding fields contained in the machine code
of mfspr and mtspr. The SPRN field contains the five-bit subfields of the SPRF field, which are
reversed in the machine code for the mfspr and mtspr instructions (SPRN « SPRF5.q | SPRFg.4)
for compatibility with the POWER Architecture. Note that the assembler handles the special coding
transparently. .

All SPRs are privileged, except the Count Register (CTR), the Link Register (LR), SPR General
Purpose Registers (SPRG4-SPRG7, read-only), User SPR General Purpose Register (USPRGO),
and the Fixed-point Exception Register (XER). Note that access to the Time Base Lower (TBL) and
Time Base Upper (TBU) registers, when addressed as SPRs, is write-only and privileged. However,
when addressed as Time Base Registers (TBRs), read access to these registers is not privileged.
See “Time Base Registers” on page 25-3 for more information.

Table 25-2 lists the SPRs, their mnemonics and names, their numbers (SPRN) and the corresponding
SPRF numbers, and access. All SPR numbers not listed are reserved, and should be neither read nor
written.

Table 25-2. Special Purpose Registers

SPRN

Mnemonic Register Name Decimal | Hex SPRF Access

CCRoO Core Configuration Register 0 947 0x3B3 | 0x27D | Read/Write
CTR Count Register 9 0x009 | 0x120 | Read/Write
DAC1 Data Address Compare 1 1014 0x3F6 | Ox2DF | Read/Write
DAC2 Data Address Compare 2 1015 Ox3F7 | Ox2FF | Read/Write
DBCRO Debug Control Register 0 1010 0x3F2 | 0x25F | Read/Write
DBCR1 Debug Control Register 1 957 0x3BD | 0x3BD | Read/Write
DBSR Debug Status Register 1008 0x3F0 | Ox21F | Read/Clear
DCCR Data Cache Cachability Register 1018 Ox3FA | Ox35F | Read/Write
DCWR Data Cache Write-through Register 954 0x3BA | 0x35D | Read/Write
DVC1 Data Value Compare 1 “ 1950 0x3B6 | 0x2DD | Read/Write
DvC2 Data Value Compare 2 951 0x3B7 | 0x2FD | Read/Write
DEAR Data Error Address Register 981 0x3D5 | 0x2BE | Read/Write
ESR Exception Syndrome Register 980 0x3D4 | Ox29E | Read/Write
EVPR Exception Vector Prefix Register 982 . | 0x3D6 |Ox2DE | Read/Write
IACA1 Instruction Address Compare 1 1012 Ox3F4 | Ox29F | Read/Write
IAC2 Instruction Address Compare 2 1013 0x3F5 | 0x2B5 | Read/Write
IAC3 Instruction Address Compare 3 948 0x3B4 | 0x29D | Read/Write
IAC4 Instruction Address Compare 4 949 0x3B5 | 0x2BD | Read/Write
ICCR Instruction Cache Cachability Register | 1019 O0x3FB | O0x37F | Read/Write
ICDBDR Instruction Cache Debug Data Register | 979 0x3D3 | 0x27E | Read-only

LR Link Register 8 0x008 |0x100 | Read/Write
PID Process ID 945 0x3B1 | 0x23D | Read/Write
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Table 25-2. Special Purpose Registers (continued)

SPRN

Mnemonic Register Name Decimal | Hex SPRF Access
PIT Programmable Interval Timer 987 0x3DB | Ox37E | Read/Write
PVR Processor Version Register 287 0x11F | Ox3E8 | Read-only
SGR Storage Guarded Register 953 0x3B9 | 0x33D | Read/Write
SLER Storage Little Endian Register 955 0x3BB | 0x37D | Read/Write
SPRGO SPR General 0 272 0x110 | 0x208 | Read/Write
SPRG1 SPR General 1 273 0x111 | 0x228 | Read/Write
SPRG2 SPR General 2 274 0x112 | 0x248 | Read/Write
SPRG3 SPR General 3 275 0x113 | 0x268 | Read/Write
SPRG4 SPR General 4 260 0x104 | 0x088 | Read-only
SPRG4 SPR General 4 276 0x114 | 0x288 | Read/Write
SPRG5 SPR General 5 261 0x105 | Ox0A8 | Read-only
SPRGS SPR General 5 277 0x115 | Ox2A8 | Read/Write
SPRG6 SPR General 6 262 0x106 | 0x0C8 | Read-only
SPRG6 SPR General 6 278 0x116 |0x2C8 | Read/Write
SPRG7 SPR General 7 263 0x107 | OxOE8 | Read-only
SPRG7 SPR General 7 279 0x117 | Ox2E8 | Read/Write
SRRO Save/Restore Register 0 26 0xO1A | 0x340 | Read/Write
SRR1 Save/Restore Register 1 27 0x01B | 0x360 | Read/Write
SRR2 Save/Restore Register 2 990 0x3DE | 0x3DE | Read/Write
SRR3 Save/Restore Register 3 991 0x3DF | Ox3FE | Read/Write
SUOR Storage User-defined 0 Register 956 0x3BC | 0x339D | Read/Write
TBL Time Base Lower 284 0x11C | 0x388 | Write-only
TBU Time Base Upper 285 0x11D | Ox3A8 | Write-only
TCR Timer Control Register 986 0x3DA | Ox35E | Read/Write -
TSR Timer Status Register 984 0x3D8 | O0x31E | Read/Clear
USPRGO User SPR General 0 256 0x100 |0x008 | Read/Write
XER Fixed Point Exception Register 1 0x001 | 0x020 | Read/Write
ZPR Zone Protection Register 944 0x3B0 | 0x21D | Privileged

25.6 Time Base Registers

The PowerPC Architecture provides a 64-bit time base. Chapter 11, “Timer Facilities,” describes the

architected time base. In the PPC405GP, the time base is implemented as two 32-bit time base

registers (TBRs). The low-order 32 bits of the time base are read from the TBL and the high-order 32

bits are read from the TBL.

User-mode access to the TBRs is read-only, and there is no explicitly privileged read access to the

time base.

Preliminary

Register Summary




The mftb instruction reads from TBL and TBU. (Writing the time base is accomplished by moving the
contents of a GPR to a pair of SPRs, which are also called TBL and TBU, using the mtspr
instruction.)

Table 25-3 shows the mnemonics, names, and numbers of the TBRs. The columns under “TBRN” list
the register numbers used as operands in assembler language coding of the mftb and mtspr
instructions. The column labeled “TBRF” lists the corresponding fields contained in the machine code
of mftb and mtspr. The TBRN field contains two five-bit subfields of the TBRF field; the subfields are
reversed in the machine code for the mftb and mtspr instructions (TBRN « TBRFg.g || TBRFq.4).
Note that the assembler handles the special coding transparently.

Table 25-3. Time Base Registers

TBRN
Mnemonic Register Name Decimal Hex TBRF Access
TBL Time Base Lower (Read-only) 268 0x10C 0x188 | Read-only
TBU Time Base Upper (Read-only) 269 0x10D 0x1A8 | Read-only

25.7 Device Control Registers

Device Control Registers (DCRs) are on-chip registers that are architecturally outside of the
processor core. They are used to control, configure, and hold status for various functional units. DCRs
are accessed using the mfder and mtdcr instructions.

The mfder and mtder instructions are privileged, for all DCR numbers. Therefore, all DCR accesses
are privileged. All DCR numbers are reserved, and should be neither read nor written.

25.7.1 Directly Accessed DCRs
The following DCRs are directly accessed, that is, they are accessed using their DCR numbers.

Table 25-4. Directly Accessed DCRs

DCR
Register Number Access Description
DCRs Used for Indirect Access .
SDRAMO_CFGADDR 0x010 RW Memory Controller Address Register
SDRAMO_CFGDATA 0x011 RW Memory Controller Data Register
EBCO_CFGADDR 0x012 R/W Peripheral Controller Address Register
EBCO_CFGDATA 0x013 RW Peripheral Controller Data Register
DCPO_CFGADDR 0x014 RW Decompression Controller Address Register
DCPO_CFGDATA 0x015 R/W Decompression Controller Data Register
On-Chip Memory
OCMO_ISARC 0x018 R/W OCM Instruction-Side Address Range Compare
Register
OCMO_ISCNTL 0x019 R/W OCM Instruction-Side Control Register
OCMO0_DSARC 0x01A R/W OCM Data-Side Address Range Compare Register
OCMO_DSCNTL 0x01B R/W OCM Data-Side Control Register
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Table 25-4. Directly Accessed DCRs (continued)

DCR

Register Number Access Description
On-Chip Buses
PLBO_BESR 0x084 R/Clear PLB Error Status Register
PLBO_BEAR 0x086 R/W PLB Error Address Register
PLBO_ACR 0x087 RW PLB Arbiter Control Register
POBO_BESRO 0x0A0 R/Clear PLB to OPB Error Status Register 0
POBO_BEAR 0x0A2 R PLB to OPB Error Address Register
POBO_BESR1 0x0A4 R/Clear PLB to OPB Error Status Register 1
Clocking, Power Management, and Chip Control
CPCO_PLLMR 0x0BO RW PLL Mode Register
CPCO_CRoO 0x0B1 RW Chip Control Register 0
CPCO_CR1 0x0B2 R/W Chip Control Register 1
CPCO_PSR 0x0B4 R Chip Pin Strapping Register
CPCO_JTAGID 0xB5 R JTAG ID Register
CPCO_SR 0x0B8 R CPM Status Register
CPCO_ER 0x0B9 R/W CPM Enable Register
CPCO_FR 0x0BA R/W CPM Force Register
Universal Interrupt Controller
UICO_SR 0x0CO R/Clear UIC Status Register
UICO_ER 0x0C2 RW UIC Enable Register
UICO_CR 0x0C3 R/W UIC Critical Register
UICO_PR 0x0C4 R/W UIC Polarity Register
UICO_TR 0x0C5 R/W UIC Triggering Register
UICO_MSR 0x0C6 R UIC Masked Status Register
UICO_VR 0x0C7 R UIC Vector Register
UICO_VCR 0x0C8 w UIC Vector Configuration Register
Direct Memory Access
DMAO_CRO 0x100 R/W DMA Channel Control Register 0
DMAO_CTO 0x101 R/W DMA Count Register 0
DMAO_DAO 0x102 R/W DMA Destination Address Register 0
DMAO_SA0 0x103 R/W DMA Source Address Register 0
DMAO_SGO 0x104 R/W DMA Scatter/Gather Descriptor Address Register 0
DMAO_CR1 0x108 RW DMA Channel Control Register 1
DMAQ_CT1 0x109 R/W DMA Count Register 1
DMAO_DA1 0x10A R/W DMA Destination Address Register 1
DMAOQ_SA1 0x10B R/W DMA Source Address Register 1
DMAO_SG1 0x10C R/W DMA Scatter/Gather Descriptor Address Register 1
DMAQ_CR2 0x110 R/W DMA Channel Control Register 2
DMAO_CT2 Ox111 R/W DMA Count Register 2
DMAO_DA2 0x112 R/W DMA Destination Address Register 2
DMAO_SA2 0x113 R/W DMA Source Address Register 2
DMAO_SG2 0x114 R/W DMA Scatter/Gather Descriptor Address Register 2
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Table 25-4. Directly Accessed DCRs (continued)

DCR

Register Number Access Description
DMAO_CR3 0x118 RW DMA Channel Control Register 3
DMAOQ_CT3 0x119 R/W DMA Count Register 3
DMAO_DA3 Ox11A RW DMA Destination Address Register 3
DMAO_SA3 0x11B RW DMA Source Address Register 3
DMAO_SG3 0x11C R/W DMA Scatter/Gather Descriptor Address
DMAO_SR 0x120 R/Clear DMA Status Register
DMAQO_SGC 0x123 R/W DMA Scatter/Gather Command Register
DMAO_SLP 0x125 RW DMA Sleep Mode Register
DMAO_POL 0x126 RW DMA Polarity Configuration Register
Media Access Layer
MALO_CFG 0x180 RW MAL Configuration Register
MALO_ESR 0x181 R/Clear Error Status Register
MALO_IER 0x182 R/W Interrupt Enable Register
MALO_TXCASR 0x184 R/W Tx Channel Active Register (Set)
MALO_TXCARR 0x185 RW Tx Channel Active Register (Reset)
MALO_TXEOBISR 0x186 R/Clear Tx End of Buffer Interrupt Status Register
MALO_TXDEIR 0x187 R/Clear Tx Descriptor Error Interrupt Register
MALO_RXCASR 0x190 R/W Rx Channel Active Register (Set)
MALO_RXCARR 0x191 R/W Rx Channel Active Register (Reset)
MALO_RXEOBISR 0x192 R/Clear Rx End of Buffer Interrupt Status Register
MALO_RXDEIR 0x193 R/Clear Rx Descriptor Error Interrupt Register
MALO_TXCTPOR 0x1A0 R/W Channel Tx 0 Channel Table Pointer Register
MALO_TXCTP1R Ox1A1 R/W Channel Tx 1 Channel Table Pointer Register
MALO_RXCTPOR 0x1CO RW Channel Rx 0 Channel Table Pointer Register
MALQO_RCBSO Ox1EQ R/W Channel RX 0 Channel Buffer Size Register

25.7.2 Indirectly Accessed DCRs

The DCRs for the SDRAM controller, external bus controller (EBC), and decompression controller are
indirectly accessed.

The following general procedure can be used to access the SDRAM controller, EBC, and
decompression controller:

1. Write an offset to an address DCR.

Offsets for the SDRAM controller registers, listed in Table 25-6, are written to the Memory
Controller Address Register (SDRAMO_CFGADDR); its address is in Table 25-5.

Offsets for the EBC registers, listed in Table 25-8, “Offsets for EBC Registers,” on page 25-8, are
written to the Peripheral Controller Address Register (EBCO_CFGADDRY); its address is in
Table 25-7, “EBC DCR Usage,’ on page 25-8.
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Offsets for the decompression controller registers, listed in Table 25-10, “Offsets for

Decompression Controller Registers,” on page 25-9, are written to the Decompression Controller

Address Register (DCPO_CFGADDRY); its address is in Table 25-9, “Decompression Controller

DCR Usage,” on p

age 25-9.

2. Read data from or write data to a data DCR.

Data associated with the unit is written to or read from the target register.

25.7.2.1 Indirect Access of SDRAM Controller DCRs

The following procedure accesses the SDRAM controller registers listed in Table 25-5.

1. Write the offset from Table 25-6 to the Memory Controller Address Register
(SDRAMO_CFGADDR).

2. Read data from or write data to the Memory Controller Data Register (SDRAMO_CFGDATA).

Table 25-5. SDRAM Controller DCR Usage

DCR
Register Number Access Description
SDRAMO_CFGADDR 0x010 R/W Memory Controller Address Register
SDRAMO_CFGDATA 0x011 RwW Memory Controller Data Register

Table 25-6. Offsets for SDRAM Controller Registers

Register Offset Access Description
SDRAMO_BESRO 0x00 R/Clear Bus Error Syndrome Register 0
SDRAMO_BESR1 0x08 R/Clear Bus Error Syndrome Register 1
SDRAMO_BEAR 0x10 R/W Bus Error Address Register
SDRAMO_CFG 0x20 R/W Memory Controller Options
SDRAMO_RTR 0x30 R/W Refresh Timer Register
SDRAMO_PMIT 0x34 R/W Power Management Idle Timer
SDRAMO_BOCR 0x40 R/W Memory Bank 0 Configuration
SDRAMO_B1CR 0x44 R/W Memory Bank 1 Configuration
SDRAMO_B2CR 0x48 R/W Memory Bank 2 Configuration
SDRAMO_B3CR 0x4C RW Memory Bank 3 Configuration
SDRAMO_TR 0x80 RW SDRAM Timing Register
SDRAMO_ECCCFG 0x94 R/W ECC Configuration
SDRAMO_ECCESR 0x98 R ECC Error Status
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25.7.2.2 Indirect Access of EBC DCRs

The following procedure accesses the EBC registers listed in Table 25-7.

1. Write the offset from Table 25-8 to the Peripheral Controller Address Register (EBCO_CFGADDR).

2. Read data from or write data to the Peripheral Controller Data Register (EBCO_CFGDATA).

Table 25-7. EBC DCR Usage

DCR
Register Number Access Description
EBCO_CFGADDR 0x012 R/W Peripheral Controller Address Register
EBCO_CFGDATA 0x013 R/W Peripheral Controller Data Register

Table 25-8. Offsets for EBC Registers

Register Offset Access Description
[EBCO_BOCR 0x00 R/W Peripheral Bank 0 Configuration Register
EBCO_B1CR 0x01 RW Peripheral Bank 1 Configuration Register
EBCO_B2CR 0x02 RW Peripheral Bank 2 Configuration Register
EBCO0_B3CR 0x03 RW Peripheral Bank 3 Configuration Register
EBCO_B4CR 0x04 RW Peripheral Bank 4 Configuration Register
EBCO_B5CR 0x05 RwW Peripheral Bank 5 Configuration Register
EBCO_B6CR 0x06 RW Peripheral Bank 6 Configuration Register
EBCO_B7CR 0x07 RW Peripheral Bank 7 Configuration Register
EBCO_BOAP 0x10 RW Peripheral Bank 0 Access Parameters
EBCO_B1AP ox11 RW Peripheral Bank 1 Access Parameters
EBCO_B2AP 0x12 R/W Peripheral Bank 2 Access Parameters -
EBCO_B3AP 0x13 R/W Peripheral Bank 3 Access Parameters
EBCO_B4AP 0x14 R/W Peripheral Bank 4 Access Parameters
EBCO_B5AP 0x15 R/W Peripheral Bank 5 Access Parameters
EBCO_B6AP 0x16 R/W Peripheral Bank 6 Access Parameters
EBCO_B7AP 0x17 R/W Peripheral Bank 7 Access Parameters
EBCO_BEAR 0x20 RW Peripheral Bus Error Address Register
EBCO_BESRO 0x21 RW Peripheral Bus Error Status Register 0
EBCO_BESR1 0x22 R/W Peripheral Bus Error Status Register 1
EBCO_CFG 0x23 R/W External Peripheral Control Register
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25.7.2.3 Indirect Access of Decompression Controller DCRs

The following procedure accesses the decompression controller registers listed in Table 25-9.

1. Write the offset from Table 25-10 to the Decompression Controller Address Register
(DCPO_CFGADDR).

2. Read data from or write data to the Decompression Controller Data Register (DCPO_CFGDATA).

Table 25-9. Decompression Controller DCR Usage

DCR
Register Number Access Description
DCPO_CFGADDR 0x014 R/W Decompression Controller Address Register
DCPO_CFGDATA 0x015 RW Decompression Controller Data Register

Table 25-10. Offsets for Decompression Controller Registers

Register Offset Access Description

m 0x00 RW Index Table Origin Register 0

DCPO_ITOR1 0x01 RW Index Table Origin Register 1

DCPO_ITOR2 0x02 RW Index Table Origin Register 2

DCPO_ITOR3 0x03 RW Index Table Origin Register 3
DCPO_ADDRO 0x04 RW Address Decode Definition Register 0
DCPO_ADDR1 0x05 RW Address Decode Definition Register 1
DCPO_CFG 0x40 RW Decompression Core Configuration Register
DCPO_ID 0x41 R Decompression Core ID Register
DCPO_VER 0x42 R Decompression Core Version Number Register
DCPO_PLBBEAR 0x50 R Bus Error Address Register (PLB address)
DCPO_MEMBEAR 0x51 R 'Bus Error Address Register (DCP to EBC

address)

DCPO_ESR 0x52 R/Clear Bus Error Status Register 0 (masters 0-3)
DCPO_RAMO- 0x400-0x7FF | R/W Decode Tables

DCPO_RAM3FF
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25.8 MMIO Registers

Some registers associated with on-chip peripherals are MMIO registers. Such reglsters are accessed
using load/store instructions.

25.8.1 Directly Accessed MMIO Registers

Directly-accessed MMIO registers are accessed using load/store instructions that contain the register
addresses. Table 25-11 lists the directly-accessed MMIO registers.

Table 25-11. Directly Accessed MMIO Registers

Register Address Access Description
MMIO Registers Used for Indirect Access
PCICO_CFGADDR OxEEC00000 |RW PCI Configuration Address Register
PCICO_CFGDATA OXEEC00004 | RW PCI Configuration Data Register
PCl-to-PCI Bridge
PCILO_PMMOLA O0xEF400000 |RW PMM 0 Local Address
PCILO_PMMOMA OxEF400004 | R/W PMM 0 Mask/Attribute
PCILO_PMMOPCILA 0xEF400008 | RW PMM 0 PCI Low Address
PCILO_PMMOPCIHA OxEF40000C | R'W PMM 0 PCI High Address
PCILO_PMM1LA O0xEF400010 | R/W PMM 1 Local Address
PCILO_PMM1MA O0xEF400014 | RW PMM 1 Mask/Attribute
PCILO_PMM1PCILA O0xEF400018 | R/W PMM 1 PCI Low Address
PCILO_PMM1PCIHA OxEF40001C | RW PMM 1 PCI High Address
PCILO_PMM2LA 0xEF400020 | R/W PMM 2 Local Address
PCILO_PMM2MA O0xEF400024 | R/W PMM 2 Mask/Attribute
PCILO_PMM2PCILA 0xEF400028 |R/W PMM 2 PCI Low Address
PCILO_PMM2PCIHA O0xEF40002C | R/W PMM 2 PCI High Address
PCILO_PTM1MS 0xEF400030 | R/W PTM 1 Memory Size
PCILO_PTM1LA 0xEF400034 |RW PTM 1 Local Address
PCILO_PTM2MS OxEF400038 |R/W PTM 2 Memory Size
PCILO_PTM2LA O0xEF40003C |RW PTM 2 Local Address
Serial Ports
UARTO_RBR OxEF600300 (R UART 0 Receiver Buffer Register
Note: Set UARTO_LCR[DLAB] = 0 to access.
UARTO_THR ’ W UART 0 Transmitter Holding Register
Note: Set UARTO_LCR[DLAB] = 0 to access.
UARTO_DLL R/W UART 0 Baud-rate Divisor Latch LSB
Note: Set UARTO_LCR[DLAB] = 1 to access.
UARTO_IER OxEF600301 | RW UART 0 Interrupt Enable Register
. Note: Set UARTO_LCR[DLAB] = 0 to access.
UARTO_DLM RW UART 0 Baud-rate Divisor Latch MSB
Note: Set UARTO_LCR[DLAB] = 1 to access.
UARTO_IIR OxEF600302 |R UART 0 Interrupt Identification Register
UARTO_FCR OxEF600302 (W UART 0 FIFO Control Register
UARTO_LCR OxEF600303 | R/W UART 0 Line Control Register
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Table 25-11. Directly Accessed MMIO Registers (continued)

Register Address Access Description
"UARTO_MCR OXEF600304 | /W UART 0 Modem Control Register
UARTO_LSR OxEF600305 | R/W UART 0 Line Status Register
UARTO_MSR OxEF600306 | R/W UART 0 Modem Status Register
UARTO_SCR OxEF600307 |RW UART 0 Scratch Register
UART1_RBR OxEF600400 R UART 1 Receiver Buffer Register
Note: Set UART1_LCR[DLAB] = 0 to access.
UART1_THR W UART 1 Transmitter Holding Register
Note: Set UART1_LCR[DLAB] = 0 to access.
UART1_DLL R/W UART 1 Baud-rate Divisor Latch LSB
) Note: Set UART1_LCR[DLAB] = 1 to access.
UART1_IER 0xEF600401 RW UART 1 Interrupt Enable Register
Note: Set UART1_LCR[DLAB] = 0 to access.
UART1_DLM RW UART 1 Baud-rate Divisor Latch MSB
Note: Set UART1_LCR[DLAB] =1 to access.
UART1_IIR OxEF600402 |R UART 1 Interrupt Identification Register
UART1_FCR OxEF600402 (W UART 1 FIFO Control Register
UART1_LCR OxEF600403 | RW UART 1 Line Control Register
UART1_MCR OxEF600404 | RR/W UART 1 Modem Control Register
UART1_LSR OxEF600405 |R/W UART 1 Line Status Register
UART1_MSR OxEF600406 | R/W UART 1 Modem Status Register
UART1_SCR OxEF600407 | R/W UART 1 Scratch Register
Inter-Integrated Circuit
11CO_MDBUF 0xEF600500 RW 1ICO Master Data Buffer
1ICO_SDBUF OxEF600502 | R/W 1ICO Slave Data Buffer
IICO_LMADR 0xEF600504 RW 1ICO Low Master Address
11ICO_HMADR OxEF600505 | R/W 1ICO High Master Address
IICO_CNTL OxEF600506 | R/W 11CO Control
IICO_MDCNTL 0xEF600507 | RW 11C0 Mode Control
1IC0_STS 0xEF600508 | R/W 1ICO Status
IICO_EXTSTS OxEFB600509 |R/W 1IC0 Extended Status
1ICO_LSADR O0xEF60050A | R/W 1ICO Low Slave Address
1ICO_HSADR O0xEF60050B | R/W 1ICO High Slave Address
1ICO_CLKDIV O0xEF60050C | R/W 11CO Clock Divide
IICO_INTRMSK OxEF80050D | RW 1ICO Interrupt Mask
IICO_XFRCNT OxEF60050E | R/'W 11CO Transfer Count
IICO_XTCNTLSS OxEF60050F | R/W 11C0O Extended Control and Slave Status
1ICO_DIRECTCNTL OxEF600510 |R/W 11CO Direct Control
OPB Arbiter
OPBAO_PR OxEF600600 | R/W OPB Arbiter Priority Register
OPBAO_CR 0xEF600601 OPB Arbiter Control Register
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Table 25-11. Directly Accessed MMIO Registers (continued)

Register Address Access Description
General-Purpose 1/0
GPIO0_OR O0XEF600700 | RW GPIOO0_IRO Output Register
GPIO0_TCR 0xEF600704 R/W GPIOO0_IRO Three-State Control Register
GPIO0_ODR O0xEF600718 | RW GPIO0_IRO Open Drain Register
GPIOO0_IR O0xEF60071C | R GPIOO_IRO Input Register
Ethernet ’
EMACO_MRO OxEF600800 | R'W Mode Register 0
EMACO_MR1 O0XEF600804 | R'W Mode Register 1
EMACO_TMRO OxEF600808 | R'W Transmit Mode Register 0
EMACO_TMRH1 0xEF60080C | R'W Transmit Mode Register 1
EMACO_RMR OxEF600810 | R/'W Receive Mode Register
EMACO_ISR OxEF600814 | R'W Interrupt Status Register
EMACO_ISER OxEF600818 | R/W Interrupt Status Enable Register
EMACO_IAHR 0xEF60081C | RW Individual Address High
EMACO_IALR OxEF600820 R/W . Individual Address Low
EMACO_VTPID OxEF600824 | R/W VLAN TPID Register
EMACO_VTCI OxEF600828 | R/W VLAN TCI Register
EMACO_PTR OxEF60082C | R/W Pause Timer Register
EMACO_IAHT1 0xEF600830 | R/W Individual Address Hash Table 1
EMACO_IAHT2 0xEF600834 | R'W Individual Address Hash Table 2
EMACO_IAHT3 OxEF600838 | R/W Individual Address Hash Table 3
EMACO_IAHT4 OxEF60083C | RW Individual Address Hash Table 4
EMACO_GAHT1 0xEF600840 RW Group Address Hash Table 1
EMACO_GAHT2 OxEF600844 R/W Group Address Hash Table 2
EMACO_GAHTS3 0xEF600848 R/W Group Address Hash Table 3
EMACO_GAHT4 OxEF60084C | R'W Group Address Hash Table 4
EMACO_LSAH 0xEF600850 |R Last Source Address Low
EMACO_LSAL O0xEF600854 (R Last Source Address High
EMACO_IPGVR 0xEF600858 | R/W Inter-Packet Gap Value Register
EMACO_STACR OxEF60085C | R/W STA Control Register
EMOTSDRAMO_TRTR | OxEF600860 [R/W Transmit Request Threshold Register
EMACO_RWMR OxEF600864 | R/W Receive Low/High Water Mark Register
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25.8.2 Indirectly Accessed MMIO Registers

The PCI configuration registers, listed in Table 25-13, “PCI Configuration Registers,” on page 25-13,
are indirectly accessed. '

The following procedure accesses the PCI configuration registers, using the address and data
registers listed in Table 25-12: .

1. OR the Enable/Bus/Device/Function bits with the high-order 6 bits of the offset from Table 25-13
and write the result to register PCI Configuration Address Register (PCICO_CFGADDR).

2. OR the low-order 2 bits of the offset from Table 25-13 with PCI Configuration Data Register
(PCICO_CFGDATA) to form an address.

3. Read data from or write data to the address.

Table 25-12. PCI Configuration Address and Data Registers

Register Address Access Description
PCICO_CFGADDR 0xEEC00000 |R/W . | PCI Configuration Address Register
PCICO_CFGDATA OxEEC00004 |RW PCI Configuration Data Register

Table 25-13. PCI Configuration Registers

Access
Register Offset PLB PCI Description
PCICO_VENDID 0x01-0x00 | R/W R PCI Vendor 1D
PCICO_DEVID 0x03-0x02 | R/W R PCI Device ID
PCIC0_CMD 0x05-0x04 | R'W RW PCI Command Register
PCICO_STATUS 0x07-0x06 | R'W R/W PCI Status Register
PCICO_REVID 0x08 R/W RW PCI Revision 1D
PCICO_CLS 0x0B-0x09 | R/W R PCI Class Register
PCICO_CACHELS 0x0C R R PCI Cache Line Size
PCICO_LATTIM 0x0D R/W R/W PCI Latency Timer
PCICO_HDTYPE 0x0E R R PCl Header Type
PCICO_BIST OxOF R R PCI Built In Self Test Control
PCICO_BARO 0x13-0x10 |R R PCI Reserved BAR 0
PCICO_PTM1BAR 0x17-0x14 | R/W R/W PCI PTM 1 BAR
PCICO_PTM2BAR 0x1B-0x18 | R/W RW PCI PTM 2 BAR
PCICO_BAR3 0x1F-0x1C — - PCI Reserved BAR 3
PCICO_BAR4 0x23-0x20 — — | PCl Reserved BAR 4
PCICO_BAR5 0x24-0x27 — — | PCl Reserved BAR 5
PCICO_CISPTR 0x2B-0x28 — — | Unused Cardbus CIS Pointer
PCIC0_SBSYSVID 0x2D-0x2C | R/'W R PCI Subsystem Vendor ID
| PCICO_SBSYSID 0x2F-0x2E | R'W R PCI Subsystem ID
PCICO_EROMBA 0x33-0x30 — — Unused Expansion ROM Base Address
PCICO_CAP 0x34 R R PCI Capabilities Pointer
PCICO_INTLN 0x3C R/W R/W PCI Interrupt Line
PCICO_INTPN 0x3D R R PCI Interrupt Pin
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Table 25-13. PCI Configuration Registers (continued)

Access
Register Offset PLB PCI . Description
PCICO_MINGNT Ox3E R R PCI Minimum Grant
PCICO_MAXLTNCY 0x3F R R PCI Maximum Latency
PCICO_ICS 0x44 RW R/W PCI Interrupt Control/Status
PCICO_ERREN 0x48 RW RW Error Enable
PCICO_ERRSTS 0x49 RW RW Error Status
PCICO_BRDGOPT1 0x4B-0x4A | R'W RW PCI Bridge Options 1
PCICO_PLBBESRO 0x4F-0x4C | R'W R/W PLB Slave Error Syndrome 0
PCICO_PLBBESR1 0x53-0x50 | R'W R/W PLB Slave Error Syndrome 1
PCICO_PLBBEAR 0x57-0x54 | RW RwW PLB Slave Error Address Register
PCICO_CAPID 0x58 R R Capability Identifier
PCICO_NEXTIPTR 0x59 R R Next Item Pointer
PCICO_PMC 0x5B-0x5A | R R Power Management Capabilities
PCICO_PMCSR 0x5D-0x5C | RW RW Power Management Control Status
PCICO_PMCSRBSE Ox5E R R PMCSR PCI to PCI bridge Support Extensions
PCICO_DATA 0x5F — — Unused Data
PCICO_BRDGOPT2 0x63-0x60 | R'W R/W PCI Bridge Options 2
PCICO_PMSCRR 0x64 R/W R/W Power Management State Change Request
Register

25.9 Alphabetical Register Listing

The following pages list the registers available in the PPC405GP. For each register, the following
information is supplied:

Register mnemonic and name
Cross

Register type (SPR or TBR)
Register number (address)

.A diagram illustrating the register fields (all register fields have mnemonics, unless there is only
one field)

A table describing the register fields, giving field mnemonic, field bit location, field name, and the
function associated with various field values
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CCRO

Core Configuration Register 0
SPR 0x3B3
See “Cache Control and Debugging Features” on page 4-11.

LWL SWOA IPP LBDE PFNC FWOA cws
(o 5]6]7[8]9]10 11[12[13[14]15[16 19[20[2H{22[23[24 262728 _ 30[31]
LWOA DPP1 UOXE PFC NCRS Cis

Figure 25-1. Core Configuration Register 0 (CCRO0)
0:5 = .. | Reserved

LWL Load Word as Line

0 The DCU performs load misses or non-
cachable loads as words, halfwords, or
bytes, as requested

1 For load misses or non-cachable loads,
the DCU moves eight words (including
the target word) into the line buffer

7 LWOA | Load Without Allocate

0 Load misses result in line fills

| 1 Load misses do not result in a line fill, but
in non-cachable loads

8 SWOA | Store Without Allocate

0 Store misses result in line fills

1 Store misses do not result in line fills, but
in non-cachable stores

9 DPP1 DCU PLB Priority Bit 1 Note: DCU logic dynamically controls DCU
0 DCU PLB priority 0 on bit 1 " priority bit 0.
1 DCU PLB priority 1 on bit 1

10:11 | IPP ICU PLB Priority Bits 0:1

00 Lowest ICU PLB priority

01 Next to lowest ICU PLB priority
10 Next to highest ICU PLB priority
11 Highest ICU PLB priority

12:13 Reserved

14 UOXE | Enable UO Exception
0 Enables the U0 exception
1 Disables the U0 exception

15 LDBE | Load Debug Enable

0 Load data is invisible on data-side (on-
chip memory (OCM)

1 Load data is visible on data-side OCM

16:19 Reserved

20 PFC ICU Prefetching for Cachable Regions

0 Disables prefetching for cachable
regions

1 Enables prefetching for cachable regions
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CCRO (cont.)

Core Configuration Register 0

21

PFNC

ICU Prefetching for Non-Cachable Regions

0 Disables prefetching for non-cachable
regions

1 Enables prefetching for non-cachable
regions

22

NCRS

Non-cachable ICU request size
0 Requests are for four-word lines
1 Requests are for eight-word lines

28

FWOA

Fetch Without Allocate

0 An ICU miss results in a line fill.

1 An ICU miss does not cause a line fill,
but results in a non-cachable fetch.

24:26

Reserved

27

CIS

Cache Information Select
0 Information is cache data.
1 Information is cache tag.

28:30

Reserved

31

CWS

Cache Way Select
0 Cache way is A.
1 Cache way is B.
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CPCO0_CRO

Chip Control Register 0

DCR 0x0B1
See “Chip Control Register 0 (CPCO_CRO0)” on page 7-12.
TRE G11EG13E G15E G17E G19E. G21E G23E RDS DRE UOEC ubiv
|0 3[4[5]6]7[8]9]10[11][12[13[14]15][16[17][18[19]20[21]22[ 23] 24]25] 26 30[31]

G10E G12E G14E G16E G18E G20E G22E DCS DTE DAEC U1EC

Figure 25-2. Chip Control Register 0 (CPC0_CRO0)
0:3 “iei | Reserved

4 TRE CPU Trace Enable
0 GPIO1-9 are enabled
1 GPIO1-9 are disabled

Trace interface cannot be used when GPIO
is enabled.

5 G10E GPIO 10 Enable
0 Enable PerCS1 as a chip select

1 Enable PerCS1 as GPIO10

GPIO 11 Enable
0 Enable PerCS2 as a chip select
1 Enable PerCS2 as GPIO11

6 G11E

7 G12E GPIO 12 Enable
0 Enable PerCS3 as a chip select -

1 Enable PerCS3 as GPIO12

GPIO 13 Enable
0 Enable PerCS4 as a chip select
1 Enable PerCS4 as GPIO13

GPIO 14 Enable
0 Enable PerCS5 as a chip select
1 Enable PerCS5 as GPIO14

8 G13E

9 G14E

10 G15E GPIO 15 Enable
0 Enable PerCS6 as a chip select

1 Enable PerCS6 as GPIO15

11 G16E GPIO 16 Enable
0 Enable PerCS7 as a chip select

1 Enable PerCS7 as GPIO16

12

G17E

GPIO 17 Enable
0 Enable interrupt IRQO as an interrupt
1 Enable interrupt IRQO as GPIO17

The purpose of GPIO_17_EN through
GPIO_23_EN is to isolate the interrupt
controller from activity on a shared pin
when that pin is being used as a GPIO. For
instance, when G17E is setto a 1, IRQO at
the UIC will always be forced to a zero.
Note: Setting G17E to a O will not prevent
GPIO channel 17 (if configured as an
output) from creating contention with
the off-chip source of the IRQ input.
Therefore, be sure to leave the shared
GPIO channel disabled when using
the pin as an interrupt input.

Preliminary
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CPCO0_CRO (cont.)

Chip Control Register 0

13

G18E

GPIO 18 Enable )
0 Enable interrupt IRQ1 as an interrupt
1 Enable interrupt IRQ1 as GP1O18

14

G19E

GPIO 19 Enable
0 Enable interrupt IRQ2 as an interrupt
1 Enable interrupt IRQ2 as GPIO19

15

G20E

GPIO 20 Enable
0 Enable interrupt IRQ3 as an interrupt
1 Enable interrupt IRQ3 as GP1020

16

G21E

GPIO 21 Enable
0 Enable interrupt IRQ4 as an interrupt
1 Enable interrupt IRQ4 as GPIO21

17

G22E

GPIO 22 Enable
0 Enable interrupt IRQ5 as an interrupt
1 Enable interrupt IRQ5 as GP1022

18

G23E

GPIO 23 Enable
0 Enable interrupt IRQ6 as an interrupt
1 Enable interrupt IRQ6 as GP1023

19

DCs

DSR/CTS select
0 DSRiis selected.
1 CTS is selected.

20

RDS

RTS/DTR select
0 RTS is selected.
1 DTR is selected.

21

DTE

DMA Transmit Enable for UARTOQ
0 DMA transmit channel is disabled.
1 DMA transmit channel is enabled.

22

DRE

DMA Receive Enable for UARTO
0 DMA receive channel is disabled.
1 DMA receive channel is enabled.

23

DAEC

DMA Allow Enable Clear for UARTO

0 DTE and DRE for UARTO are not cleared
when the UART receives a corresponding
terminal count.

1 DTE and DRE for UARTO are cleared
when the UART receives a corresponding
terminal count.

24

UOEC

Select External Clock for UARTO

0 UARTO uses the internally derived serial
clock

1 UARTO uses the external serial clock
input

25

U1EC

Select External Clock for UART1

0 UART1 uses the internally derived serial
clock

1 UART1 uses the external serial clock
input
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CPCO0_CRO (cont.)

Chip Control Register 0

UART Internal Clock Divisor

26:30 | UDIV UDIV specifies the divisor of the CPU clock
00000 Divide by 1 frequency used to derive a UART serial
00001 Divide by 2 clock frequency. For example, if the CPU is
00010 Divide by 3 running at 200MHz, a divider value of 20
. sets the serial clock frequency to 10MHz.

Note: The maximum serial clock

. frequency is less than 1/2 x OPB
11110 Divide by 31 frequency
11111 Divide by 32

31 Reserved
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CPCO_CR1

Chip Control Register 1
DCR 0x0B2

Figure 25-3. Chip Control Register 1 (CPCO_CR1)

07 | . | Reserved
8 CETE CPU External Timer Enable
0 CPU timers increment at CPU clock
frequency.
1 CPU timers increment at frequency of
TmrClk input.
916 | | Reserved
17 PCIPW | PCI Interrupt Enable/Peripheral Write
Enable
0 PCl interrupt signal can be used.
1 Peripheral write enable signal can be
enabled.
18:31 | Reserved
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DCR 0x0B9
See “CPM Enable Register (CPCO_ER)” on page 13-3.

CPCO_ER

CPM Enable Register

IIC CPU BRG EBC PLB UARTO UIC EMAC_MM —EMAC_TM
[o[1]2]3]4]5]6]7]8]9][10]11]12][13]14]15]16]17 31
PCI DMA sz SDRAM GPIO UART1 T EMAC_RM
CPU_TMRCLK
Figure 25-4. CPM Enable Register (CPCO_ER)
0 Ic lIC Interface Class 3
1 PCI PCI Bridge Class 3
2 CPU PPC405GP Processor Core Class 2
3 DMA DMA Controller Class 2
4 BRG PLB to OPB Bridge Class 2
5 DCP CodePack Class 2
6 EBC ROM/SRAM Peripheral Controller Class 2
7 SDRAM SDRAM Memory Controller Class 2
8 PLB PLB Bus Arbiter Class 2
9 GPIO General Purpose Interrupt Controller Class 1
10 UARTO Serial Port 0 Class 1
11 UART1 Serial Port 1 Class 1
12 uvIC Universal Interrupt Controller Class 1
13 CPU_TMRCLK | CPU Timers Class 1
14 EMAC_MM Ethernet MM Unit Class 1
15 EMAC_RM Ethernet RM Unit Class 1
16 EMAC_TM Ethernet TM Unit Class 1
17:31 Reserved
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CPCO_FR

CPM Force Register

DCR 0x0BA

See “CPM Force Register (CPCO_FR)” on page 13-3.
IC CPU BRG EBC PLB UARTO UIC EMAC_MM

A DCP SDRAM GPIO UART1 T EMAC_RM

CPU_TMRCLK

EMAC_TM

Figure 25-5. CPM Force Register (CPCO_FR)

0 c 1IC Interface Class 3
1 PCI PCI Bridge Class 3
2 CPU PPC405GP Processor Core Class 2
3 DMA DMA Controller Class 2
4 BRG PLB to OPB Bridge Class 2
5 DCP CodePack Class 2
6 EBC ROM/SRAM Peripheral Controller Class 2
7 SDRAM SDRAM Memory Controller Class 2
8 PLB PLB Bus Arbiter Class 2
9 GPIO General Purpose Interrupt Controller Class 1
10 UARTO Serial Port 0 Class 1
1 UARTH Serial Port 1 Class 1
12 uIC Universal Interrupt Controller Class 1
13 CPU_TMRCLK | CPU Timers Class 1
14 EMAC_MM Ethernet MM Unit Class 1
15 EMAC_RM Ethernet RM Unit Class 1
16 EMAC_TM Ethernet TM Unit Class 1
17:31 Reserved
25-22 PPC405GP User’s Manual Preliminary




CPCO_JTAGID

JTAG ID Register
DCR 0x0B5 Read-Only
See “JTAG ID Register (CPCO_JTAGID)” on page 12-4.

MANF LOC

‘

[0 1112 23[24 27]28 31]

PART VERS

Figure 25-6. JTAG ID Register (CPCO_JTAGID)
0:11 MANF | Manufacturer Identifier
12:23 | PART | Part Number
24:27 | LOC Developer Location
28:31 | VERS | Version
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CPCO_PLLMR

PLL Mode Register

DCR 0x0B
See “PLL Mode Register (CPCO_PLLMR)” on page 7-10.
FWDV TUN OPDV EPDV
[0 2]3 6]7 12[13 14]15 16[17 18]19 20[21
Figure 25-7. PLL Mode Registef (CPCO_PLLMR)
0:2 FWDV | Forward Divisor PLLOUTA Value:
000 Forward divisor is 8. 50 MHz-100 MHz
001 Forward divisor is 7. 58 MHz-114 MHz
010 Forward divisor is 6. 66 MHz-134 MHz
011 Forward divisor is 5. . 80 MHz-160 MHz
100 Forward divisor is 4. 100 MHz-200 MHz
101 Forward divisor is 3. 133 MHz-267 MHz
110 Forward divisor is 2. 200 MHz—400 MHz
111 Forward divisor is 1. 400 MHz-800 MHz
Note: PLLOUTA is the CPU clock in
PPC405GP.

3:6 FBDV Feedback Divisor

0000 Feedback divisor is 16.
0001 Feedback divisor is 1.
0010 Feedback divisor is 2.
0011 Feedback divisor is 3.
0100 Feedback divisor is 4.
0101 Feedback divisor is 5.
0110 Feedback divisor is 6.
0111 Feedback divisor is 7.
1000 Feedback divisor is 8.
1001 Feedback divisor is 9.
1010 Feedback divisor is 10.
1011 Feedback divisor is 11.
1100 Feedback divisor is 12.
1101 Feedback divisor is 13.
1110 Feedback divisor is 14.
1111 Feedback divisor is 15.

712 TUN TUNE[5:0] Field Note: The tune bits adjust parameters that

: control PLL jitter. The recommended
values minimize jitter for the PLL
implemented in the PPC405GP.
These bits are shown for information
only, and do not require modification
except in special clocking
circumstances, such as spread
spectrum clocking. For details on the
use of spread spectrum clock
generators (SSCGs) with the
PPC405GP, visit the technical
documents area of the IBM
PowerPC web site.
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CPCO_PLLMR (cont.)

PLL Mode Register

13:14 | CBDV | CPU:PLB Frequency Divisor
00 CPU:PLB divisoris 1
01 CPU:PLB divisoris 2
10 CPU:PLB divisor is 3
11 CPU:PLB divisor is 4

15:16 | OPDV | OPB-PLB Frequency Divisor
00 OPB-PLB divisor is 1
01 OPB-PLB divisor is 2
10 OPB-PLB divisor is 3
11 OPB-PLB divisor is 4

17:18 | PPDV | PCI-PLB Frequency Divisor See “PCl Clocks” on page 7-8 for details
00 PCI-PLB divisor is 1 regarding asynchronous PCI clocking and
01 PCI-PLB divisor is 2 how it relates to synchronous clocking.

10 PCI-PLB divisor is 3

11 PCI-PLB divisor is 4

19:20 | EPDV | External Bus-PLB Frequency Divisor

00 External bus—PLB divisor ratio is 2:1
01 External bus—PLB divisor ratio is 3:1
10 External bus-PLB divisor ratio is 4:1
11 External bus—PLB divisor ratio is 5:1

21:31 Reserved
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CPCO_PSR

Chip Pin Strapping Register

DCR 0x0B3 Read-Only
See “Chip Pin Strapping Register (CPC0_PSR)” on page 9-1.

PFWD

PT ODP EBDP

PAE

) v ¥ ] v v
[o 1]2 3[4 5 6]7 8[o 10[11 12]13 1415 16]17[18]18]20]21 [z
¥ Tt i

PFBD

PDC PDP RW

PAME

Figure 25-8. Chip Pin Strapping Register (CPCO_PSR)

0:1

PFWD

PLL Forward Divider
00 Bypass Mode

01 Divide by 3

10 Divide by 4

11 Divide by 6

2:3

PFBD

PLL Feedback Divider
00 Divide By 1
01 Divide By 2
10 Divide By 3
11 Divide By 4

4:6

PT

PLL Tuning

000 Choice 1; TUNE[5:0] = 010001
001 Choice 2; TUNE[5:0] = 010010
010 Choice 3; TUNE[5:0] = 010011
011 Choice 4; TUNE[5:0] = 010100
100 Choice 5; TUNE[5:0] = 010101
101 Choice 6; TUNE[5:0] = 010110
110 Choice 7; TUNE[5:0] = 010111
111 Choice 8; TUNE[5:0] = 100100

Note: The tune bits adjust parameters that
control PLL jitter. The recommended values
minimize jitter for the PLL implemented in
the PPC405GP. These bits are shown for
information only, and do not require
modification except in special clocking
circumstances, such as spread spectrum
clocking. For details on the use of spread
spectrum clock generators (SSCGs) with
the PPC405GP, visit the technical -
documents area of the IBM PowerPC web
site.

7:8

PDC

PLB Divider from CPU
00 Divide By 1
01 Divide By 2
10 Divide By 3
11 Divide By 4

9:10

ODP

OPB Divider from PLB
00 Divide By 1
01 Divide By 2
10 Divide By 3
11 Divide By 4

11:12

PDP

PCI Divider from PLB
00 Divide By 1
01 Divide By 2
10 Divide By 3
11 Divide By 4
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CPCO_PSR (cont.)

Chip Pin Strapping Register

13:14 | EBDP | External Bus Divider from PLB
00 Divide By 2
01 Divide By 3
10 Divide By 4
11 Divide By 5

15:16 | RW ROM Width
00 8-bit ROM
01 16-bit ROM
10 32-bit ROM
11 Reserved

17 RL ROM Location
0 405GP Peripheral Attach
1 405GP PCI Attach

18 S| Reserved

19 PAME | PCI Asynchronous Mode Enable
0 Synchronous PCI Mode
1 Asynchronous Mode

20 | Reserved

21 PAE PCI Arbiter Enable
0 Internal Arbiter Disabled
1 Internal Arbiter Enabled

22:31 | | Reserved

Preliminary Register Summary 25-27



CPCO_SR

CPM Status Register

DCR 0x0B8 Read-Only
See “CPM Status Register (CPCO_SR)” on page 13-3.

lc

CPU BRG EBC PLB UARTO UIC EMAC_MM

EMAC_TM

VNNE SRR TN TR SR SN T
I0m2|3'4]5‘6|;£3|9l10]11,12|13]14,115|16,

PCl DMA DCP SDRAM GPIO UART1 TEMAC_RM

CPU_TMRCLK

Figure 25-9. CPM Status Register (CPC0_SR)

0 Ic IIC Interface Class 3
1 PCI PCI Bridge Class 3
2 CPU PPC405GP Processor Core Class 2
3 DMA DMA Controller Class 2
4 BRG PLB to OPB Bridge Class 2
5 DCP CodePack Class 2
6 EBC ROM/SRAM Peripheral Controlier Class 2
7 SDRAM SDRAM Memory Controller Class 2
8 PLB PLB Bus Arbiter Class 2
9 GPIO General Purpose Interrupt Controller Class 1
10 UARTO Serial Port 0 Class 1
11 UART1 Serial Port 1 Class 1
12 uic Universal Interrupt Controlier Class 1
13 CPU_TMRCLK | CPU Timers Class 1
14 EMAC_MM Ethernet MM Unit Class 1
15 EMAC_RM Ethernet RM Unit Class 1
16 EMAC_TM Ethernet TM Unit Class 1
17:31 | Reserved
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CR

Condition Register
See “Condition Register (CR)” on page 3-12.

CRO CR2 CR4 - CR6

[0 3[4 7[8 11]12 15[16 19]20 23[24 27]28 31]

T

CR1 CR3 CR5 CR7

Figure 25-10. Condition Register (CR)
0:3 CRO Condition Register Field 0
4:7 CR1 Condition Register Field 1
8:11 CR2 Condition Register Field 2
12:15 | CR3 Condition Register Field 3
16:19 | CR4 Condition Register Field 4
20:23 | CR5 Condition Register Field 5
24:27 | CR6 Condition Register Field 6
28:31 | CR7 | Condition Register Field 7
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CTR

Count Register

SPR 0x009
See “Count Register (CTR)” on page 3-7.

[0 3]

Figure 25-11. Count Register (CTR)

0:31 Count : Used as count for branch conditional with
decrement instructions, or as address for
branch-to-counter instructions.
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DAC1-DAC2

Data Address Compare Registers

SPR 0x3F6-0x3F7
See “Data Address Compare Registers (DAC1-DAC2)” on page 12-14.

[0 ’ 37|

Figure 25-12. Data Address Compare Registers (DAC1-DAC2)

0:31 Data Address Compare (DAC) byte DBCRO[D1S] determines which address
address bits are examined.
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DBCRO

Debug Control Register 0

SPR 0x3F2

See “Debug Control Registers” on page 12-9.

EDM RST

BT TDE IA2

IA12X  1A4  1A34X |A34T

[O]1]2 3[4[5[6]7[8]9[T0[11[12[13[14[15[16[17]18

IDM

ic

EDE 1A1 1A12 IA3  1A34 IA12T

Figure 25-13. Debug Control Register 0 (DBCR0)

EDM

External Debug Mode
0 Disabled
1 Enabled

IDM

Internal Debug Mode
0 Disabled
1 'Enabled

2:3

RST

Reset

00 No action

01 Core reset
10 Chip reset

11 System reset

Causes a processor reset request when
set by software.

Attention: Writing 01, 10, or 11 to this field causes a processor reset request.

Instruction Completion Debug Event
0 Disabled
1 Enabled

BT

Branch Taken Debug Event
0 Disabled
1 Enabled

EDE

Exception Debug Event
0 Disabled
1 Enabled

TDE

Trap Debug Event
0 Disabled
1 Enabled

A1

IAC 1 Debug Event
0 Disabled
1 Enabled

1A2

IAC 2 Debug Event
0 Disabled
1 Enabled

10

1A12

Instruction Address Range Compare 1-2
0 Disabled
1 Enabled

Registers IAC1 and 1AC2 define an
address range used for IAC address
comparisons.

11

1A12X

Enable Instruction Address Exclusive
Range Compare 1-2

0 Inclusive

1 Exclusive

Selects the range defined by IAC1 and
1AC2 to be inclusive or exclusive.
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DBCRO (cont.)

Debug Control Register 0

12

IA3

IAC 3 Debug Event
0 Disabled
1 Enabled

13

1A4

IAC 4 Debug Event
0 Disabled
1 Enabled

14

1A34

Instruction Address Range Compare 3—4
0 Disabled
1 Enabled

Registers IAC3 and IAC4 define an
address range used for IAC address
comparisons.

15

1A34X

Instruction Address Exclusive Range
Compare 3—-4

0 Inclusive

1 Exclusive

Selects range defined by IAC3 and IAC4 to
be inclusive or exclusive.

16

1A12T

Instruction Address Range Compare 1-2
Toggle

0 Disabled

1 Enable

Toggles range 12 inclusive, exclusive
DBCRJ[IA12X] on debug event.

17

IA34T

Instruction Address Range Compare 3-4
Toggle

0 Disabled

1 Enable

Toggles range 34 inclusive, exclusive
DBCR[IA34X] on debug event.

18:30

Reserved

31

FT

Freeze timers on debug event
0 Timers not frozen
1 Timers frozen

Preliminary

Register Summary
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DBCR1

Debug Control Register 1

SPR 0x3BD

See “Debug Control Registers” on page 12-9.

DiR DIW Di1S DA12 DViM DV1BE
[0]1]2]3]4 5[6 7[8]9]10 11]12 13]14 15[16 19]20 23|24
D2R D2W D2S DA12X Dva2M DV2BE
Figure 25-14. Debug Control Register 1 (DBCR1)
0 D1R DAC1 Read Debug Event
0 Disabled
1 Enabled
1 D2R DAC 2 Read Debug Event
0 Disabled
1 Enabled
2 D1W DAC 1 Write Debug Event
0 Disabled
1 Enabled
3 D2w DAC 2 Write Debug Event
0 Disabled
1 Enabled
4:5 D1S DAC 1 Size Address bits used in the compare:
00 Compare all bits
01 Ignore Isb (least significant bit) Byte address
10 Ignore two Isbs Halfword address
11 Ignore five Isbs Word address
Cache line (8-word) address
6:7 D2S DAC 2 Size Address bits used in the compare:
00 Compare all bits
01 Ignore Isb (least significant bit) Byte address
10 Ignore two Isbs Halfword address
11 Ignore five Isbs Word address
Cache line (8-word) address
8 DA12 Enable Data Address Range Compare 1:2  Registers DAC1 and DAC2 define an
0 Disabled address range used for DAC address
1 Enabled comparisons
9 DA12X | Data Address Exclusive Range Compare Selects range defined by DAC1 and DAC2
1:2 to be inclusive or exclusive
0 Inclusive
1 Exclusive
10:11 Reserved
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DBCR1 (cont.)

Debug Control Register 1

12:13 | DVIM | Data Value Compare 1 Mode Type of data comparison used:
00 Undefined
01 AND All bytes selected by DBCR1[DV1BE] must
compare to the appropriate bytes of DVC1.
10 OR One of the bytes selected by
DBCR1[DV1BE] must compare to the
appropriate bytes of DVC1.
11 AND-OR The upper halfword or lower halfword must
compare to the appropriate halfword in
DVC1. When performing halfword
compares set DBCR1[DV1BE] = 0011,
1100, or 1111.
14:15 | DV2M | Data Value Compare 2 Mode Type of data comparison used
00 Undefined
01 AND All bytes selected by DBCR1[DV2BE] must
compare to the appropriate bytes of DVC2.
10 OR One of the bytes selected by
DBCR1[DV2BE] must compare to the
appropriate bytes of DVC2.
11 AND-OR The upper halfword or lower halfword must
compare to the appropriate halfword in
DVC2. When performing halfword
compares set DBCR1[DV2BE] = 0011,
1100, or 1111.
16:19 | DVIBE | Data Value Compare 1 Byte Selects which data bytes to use in data
0 Disabled value comparison
1 Enabled
20:23 | DV2BE | Data Value Compare 2 Byte Selects which data bytes to use in data
0 Disabled value comparison
1 Enabled
24:31 Reserved
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DBSR

Debug Status Register
SPR 0x3F0 Read/Clear
See “Debug Status Register (DBSR)” on page 12-12.

IC EDE UDE IA2 DW1 Dw2 |A3 MRR

[O]1[2[3T4[5[6]7[8]9[10[11][12[13[14

21]22 23[24

el

BT TIE IA1 DR1 DR2 IDE 1A4

Figure 25-15. Debug Status Register (DBSR)

0 IC Instruction Completion Debug Event
0 Event did not occur
1 Event occurred

1 BT Branch Taken Debug Event
0 Event did not occur
1 Event occurred

2 EDE Exception Debug Event
0 Event did not occur
1 Event occurred

3 TIE Trap Instruction Debug Event
0 Event did not occur
1 Event occurred

4 UDE Unconditional Debug Event
0 Event did not occur
1 Event occurred

5 I1A1 IAC1 Debug Event
0 Event did not occur
1 Event occurred

6 1A2 IAC2 Debug Event
0 Event did not occur
1 Event occurred

7 DR1 DAC1 Read Debug Event
0 Event did not occur
1 Event occurred

8 DWA1 DAC1 Write Debug Event
0 Event did not occur
1 Event occurred

9 DR2 DAC2 Read Debug Event
0 Event did not occur
1 Event occurred

10 DW2 | DAC2 Write Debug Event
0 Event did not occur
1 Event occurred
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DBSR (cont.)

Debug Status Register

11

IDE

Imprecise Debug Event

0 No circumstance that would cause a
debug event (if MSR[DE] = 1) occurred
1 A debug event would have occurred, but

debug exceptions were disabled
(MSR[DE] = 1)

12

I1A3

IAC3 Debug Event
0 Event did not occur
1 Event occurred

13

1A4

IAC4 Debug Event
0 Event did not occur
1 Event occurred

14:21

Reserved

22:23

MRR

Most Recent Reset

00 No reset has occurred since last
cleared by software.

01 Core reset

10 Chip reset

11 System reset

This field is set to a value, indicating the
type of reset, when a reset occurs.

24:31

Reserved
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DCCR

Data Cache Cacheability Register
SPR 0x3FA

See “Real-mode Storage Attribute Control” on page 6-17.

SO S2 sS4 S6 S8 S10 S12 S14 S16 S18  S20 S22 S24  S26  S28 830

[0[1]2]3]4]5]6]7][8]9]10]11]12[13][14]15]{16][17] 18] 19]20][21[22] 23] 24[ 25| 26]27] 28] 29] 30] 31|

St 83 S5 S7 S9 S11 813 S15 S17 S19 821 823 825 827 829 S3H
Figure 25-16. Data Cache Cachability Register (DCCR)
0 S0 0 Noncachable 0x0000 0000-0x07FF FFFF
1 Cachable
1 S1 0 Noncachable 0x0800 0000—-0x0FFF FFFF
1 Cachable
2 82 0 Noncachable 0x1000 0000-0x17FF FFFF
1 Cachable .
3 S§3 0 Noncachable 0x1800 0000--0x1FFF FFFF
1 Cachable
4 84 0 Noncachable 0x2000 0000-0x27FF FFFF
1 Cachable
5 S5 0 Noncachable 0x2800 0000 -0x2FFF FFFF
1 Cachable
6 S6 0 Noncachable 0x3000 0000 -0x37FF FFFF
1 Cachable
7 87 0 Noncachable 0x3800 0000—0x3FFF FFFF
1 Cachable
8 S8 0 Noncachable 0x4000 0000-0x47FF FFFF
1 Cachable
9 S9 0 Noncachable 0x4800 0000—0x4FFF FFFF
1 Cachable
10 S§10 0 Noncachable 0x5000 0000—-0x57FF FFFF
1 Cachable
1 S11 0 Noncachable 0x5800 0000-0x5FFF FFFF
1 Cachable
12 S12 0 Noncachable 0x6000 0000—-0x67FF FFFF
1 Cachable
13 $13 0 Noncachable 0x6800 0000—-0x6FFF FFFF
1 Cachable
14 S14 0 Noncachable 0x7000 0000~0x77FF FFFF
’ 1 Cachable -
15 S15 0 Noncachable 0x7800 0000-0x7FFF FFFF
’ 1 Cachable
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DCCR (cont.)

Data Cache Cacheability Register

16 S16 0 Noncachable 0x8000 0000-0x87FF FFFF
1 Cachable

17 S17 0 Noncachable 0x8800 0000-0x8FFF FFFF
1 Cachable

18 S18 0 Noncachable 0x9000 0000-0x97FF FFFF
1 Cachable .

19 S19 0 Noncachable 0x9800 0000 —-0x9FFF FFFF
1 Cachable

20 S20 0 Noncachable 0xA000 0000—-0xA7FF FFFF
1 Cachable

21 S21 0 Noncachable 0xA800 0000—-0xAFFF FFFF -
1 Cachable

22 S22 0 Noncachable 0xB000 0000-0xB7FF FFFF
1 Cachable

23 S23 0 Noncachable 0xB800 0000-0xBFFF FFFF
1 Cachable

24 S24 | 0 Noncachable 0xC000 0000 ~-0xC7FF FFFF
1 Cachable

25 825 0 Noncachable 0xC800 0000—-0xCFFF FFFF
1 Cachable

26 S26 0 Noncachable 0xD000 0000-0xD7FF FFFF
1 Cachable

27 S27 0 Noncachable 0xD800 0000-0xDFFF FFFF
1 Cachable

28 528 0 Noncachable 0xEQ00 0000-0xE7FF FFFF
1 Cachable

29 S29 0 Noncachable 0xEB00 0000—-0xEFFF FFFF
1 Cachable

30 S30 0 Noncachable 0xF000 0000-0xF7FF FFFF
1 Cachable

31 S31 0 Noncachable 0xF800 0000-0xFFFF FFFF

: 1 Cachable

Preliminary
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DCP0_ADDRO-DCPO0O_ADDR1

Address Decode Definition Register 0-1

DCR Accessed using DCP0_CFGADDR, DCPO_CFGDATA; Offset 0x04-0x05
See “Decompression Address Decode Definition Registers (DCPO_ADDRO-DCPO_ADDR1)” on

page 14-5.
DRBA
[0 9[10 11[12 15[16
DRS
Figure 25-17. Decompression Address Decode Definition Registers
(DCPO_ADDRO-DCPO_ADDRT1)
0:9 DRBA | Decode Region Base Address High-order decode region address bits

10:11 Reserved

12:15 | DRS | Decode Region Size
0000-0100 Reserved
0101 4MB
0110 8MB
0111 16MB
1000 32MB
1001 64MB
1010 128MB
1011 256MB
1100 512MB
1101 1GB
1110 2GB
1111 4GB

16:30 Reserved

31 Enable Decode Region
0 Decoding is disabled for region
1 Decoding is enabled for region.
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DCPO_CFG

Decompression Core Configuration Register

DCR Accessed using DCP0_CFGADDR, DCP0_CFGDATA; Offset 0x40

See “Decompression Configuration Register (DCPO_CFG)” on page 14-5.

SDLY

v

cbB

q7[18

27[28[29]30[31]

Figure 25-18. Decompression Controller Configuration Register (DCPO_CFG)

SLEN IKB

0:17

Reserved

18:27

SLDY

Sleep Delay

Sleep delay

28

SLEN

Sleep Enable
0 Disable sleep
1 Enable sleep

29

CcDB

Clear Decompression Buffer
0 Normal operation
1 Clear decompression buffer

Self-clearing; always reads 0

30

Reserved

31

IKB

Enable Decrompression

0 Decompression is enabled; U0 storage
attribute is recognized

1 Decompression is disabled; UO storage
attribute is ignored
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DCPO_CFGADDR

Decompression Controller Address Register

DCR 0x014
See “Decompression Controller Registers” on page 14-3.

This register is used to determine offsets for decompression controller DCRs.
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DCPO_CFGDATA

Decompression Controller Data Register
DCR 0x015
See “Decompression Controller Registers” on page 14-3.

This register is used to indirectly access decompression controller DCRs.
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DCPO_ESR

Decompression Controller Bus Error Status Register 0
DCR Accessed using DCPO_CFGADDR, DCP0_CFGDATA; Offset 0x52 Read/Clear
See “Decompression Controller Error Status Register 0 (DCPO_ESR)” on page 14-7.

DETO FLO DET1 FL1 DET2 FL2 DET3 FL3

[0 2[3[4[5][6 8[9[10[1i[12  1415[16[17[18 20[21[22[23[24 31|

RWO ALO RW1 AL1 RW2 AL2 RW3 AL3

Figure 25-19. Decompression Controller Error Status Register 0 (DCPO_ESR)

0:2 DETO | Decompression Error Type for Master O Master 0 is the processor core instruction
000 Time-out during ITE fetch cache unit (ICU).

001 Time-out during block fetch

010 Memory controller error during ITE

fetch
011 Memory controller error during block
fetch
100-111 Reserved
3 RWO | Read/Write Status for Master 0 This implementation only reports errors for
0 Error operation was a write compressed reads.
1 Error operation was a read
4 FLO | DCPO_ESR Field Lock for Master 0 DCPO_ESR register fields are locked when
0 DCPO_ESR fields are unlocked the PLB_lockErr signal was active in the
1 DCPO_ESR fields are locked cycle in which the error occurred.
5 ALO | DCPO_MEMBEAR/DCPO_PLBBEAR DCP0_MEMBEAR and DCPO_PLBBEAR
Address Lock for Master 0 are locked to this master address when the
0 Master has not locked PLB_lockErr signal was active in the cycle
DCPO_MEMBEAR and in which the error occurred.

DCPO_PLBBEAR
1 Master has locked DCPO_MEMBEAR
and DCPO_PLBBEAR

6:8 DET1 | Decompression Error Type for Master 1 See description for DCPO_ESR[DETO].
Master1 is the processor core data cache
unit (DCU).

9 RW1 | Read/Write Status for Master 1 This implementation only reports errors for
0 Error operation was a write compressed reads.
1 Error operation was a read

10 FL1 DCPO_ESR Field Lock for Master 1 DCPO_ESR register fields are locked when
0 DCPO_ESR fields are unlocked the PLB_lockErr signal was active in the
1 DCPO_ESR fields are locked cycle in which the error occurred.

11 AL1 | DCPO_MEMBEAR/DCPO_PLBBEAR DCPO_MEMBEAR and DCPO_PLBBEAR
Address Lock for Master 1 are locked to this master address when the
0 Master has not locked PLB_lockErr signal was active in the cycle

DCPO_MEMBEAR and in which the error occurred.

DCPO_PLBBEAR
1 Master has locked DCPO_MEMBEAR
and DCPO_PLBBEAR
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DCPO_ESR (cont.)

Decompression Controller Bus Error Status Register 0

12:14 | DET2 | Decompression Error Type for Master 2 See description for DCPO_ESR[DETO]).
Master 2 is the external master.

15 RW2 | Read/Write Status for Master 2 This implementation only reports errors for
0 Error operation was a write compressed reads.
1 Error operation was a read

16 FL2 | DCPO_ESR Field Lock for Master 2 DCPO_ESR register fields are locked when

‘ 0 DCPO_ESR fields are unlocked the PLB_lockErr signal was active in the

1 DCPO_ESR fields are locked cycle in which the error occurred.

17 AL2 | DCPO_MEMBEAR/DCPO_PLBBEAR DCP0O_MEMBEAR and DCPO_PLBBEAR
Address Lock for Master 2 are locked to this master address when the
0 Master has not locked PLB_lockErr signal was active in the cycle

DCPO_MEMBEAR and . in which the error occurred.

DCPO_PLBBEAR
1 Master has locked DCPO_MEMBEAR
and DCPO_PLBBEAR

18:20 | DET3 | Decompression Error Type for Master 3 See description for DCPO_ESR[DETO].
Master 3 is PCI.

21 RW3 [ Read/Write Status for Master 3 This implementation only report errors for
0 Error operation was a write compressed reads.
1 Error operation was a read

22 FL3 | DCPO_ESR Field Lock for Master 3 DCPO_ESR register fields are locked when
0 DCPO_ESR fields are unlocked the PLB_lockErr signal was active in the

. | 1 DCPO_ESR fields are locked cycle in which the error occurred.

23 AL3 | DCPO_MEMBEAR/DCPO_PLBBEAR DCPO_MEMBEAR and DCPO_PLBBEAR
Address Lock for Master 3 are locked to this master address when the
0 Master has not locked PLB_lockErr signal was active in the cycle

DCPO_MEMBEAR and in which the error occurred.

DCPO_PLBBEAR
1 Master has locked DCPO_MEMBEAR
and DCPO_PLBBEAR

24:31 Reserved
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DCPO_ID

Decompression Controller ID Register

DCR Accessed using DCP0_CFGADDR, DCP0_CFGDATA; Offset 0x41 Read-Only
See “Decompression Controller ID Register (DCPO_ID)” on page 14-6.

[0 31]

Figure 25-20. Decompression Controller ID Register (DCP0_ID)

| 0:31 | | Decompression Controller ID Read-only, value is 0000504D
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DCPO_ITOR0-DCPO_ITOR3

Index Table Origin Register 0-3

DCR Accessed using DCPO_CFGADDR, DCP0O_CFGDATA; Offset 0x00-0x03
See “Index Table Origin Registers (DCPO_ITOR0O-DCPO_ITORS)” on page 14-4.

ITO

[

~20[21

3]

Figure 25-21. Decompression Index Table Origin Registers (DCP0_ITOR0-DCPO_ITOR3)

0:20

.| Reserved

21:31

ITO

Index Table Origin

High-order index table address bits

Preliminary
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DCP0O_MEMBEAR

Decompression Controller Bus Error Address Register
'DCR Accessed using DCPO_CFGADDR, DCP0_CFGDATA; Offset 0x51 Read-Only
See “Decompression Controller Bus Error Address Register (DCPO_MEMBEAR)” on page 14-7.

[0 31

Figure 25-22. Decompression Controller Bus Error Address Register (DCPO_MEMBEAR)
l 0:31 ] ‘ Address of SDRAM or EBC Error ]
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DCPO_PLBBEAR

Decompression Controller PLB Error Address Register
DCR Accessed using DCP0_CFGADDR, DCP0_CFGDATA; Offset 0x50 Read-Only
See “Decompression Controller PLB Error Address Register (DCPO_PLBBEAR)” on page 14-7.

I 3]

Figure 25-23. Decompression Controller PLB Error Address Register (DCPO_PLBBEAR)
| 0:31 | | Address of PLB Error |
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DCP0_RAMO0-DCP0O_RAM3FF

Decompression Controller SRAM/ROM

DCR 0x400-0x7FF
See “Decompression Controller Registers” on page 14-3.

These registers store decode tables for the decompression controller.
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DCPO_VER

Decompression Controller Version Register
DCR Accessed using DCP0_CFGADDR, DCPO_CFGDATA; Offset 0x42 Read-Only
See “Decompression Controller Version Register (DCPO_VER)” on page 14-6.

[0 3]

Figure 25-24. Decompression Controller Version Register (DCP0_VER)

| 0:31 I ) lDecompression Controller Version Read-only, value is 00000200
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DCWR

Data Cache Write-through Register
SPR 0x3BA
See “Real-mode Storage Attribute Control” on page 6-17.

wWo w2 W4 W6 W8 W10 w12 W14 W16 W18 W20 W22 W24 W26 W28 W30

[0]T[2]3[4[5]6]7]8]9[10[11[12[13[14[15[16]17]18[19]20]21[22]23]24[25]26]27] 28] 29[ 30]31]

w1 W3 W5 W7 W9 Wit W13 W15 W17 W19 W21 W23 W25 W27 W29 W3t

Figure 25-25. Data Cache Write-through Register (DCWR)

0 WO 0 Write-back 0x0000 0000-0x07FF FFFF
1 Write-through

1 Wi1 0 Write-back 0x0800 0000 -0xOFFF FFFF
1 Write-through

2 w2 0 Write-back 0x1000 0000-0x17FF FFFF
1 Write-through

3 W3 0 Write-back 0x1800 0000-0x1FFF FFFF
1 Write-through

4 W4 0 Write-back 0x2000 0000-0x27FF FFFF
1 Write-through

5 W5 0 Write-back 0x2800 0000-0x2FFF FFFF
1 Write-through

6 W6 0 Write-back 0x3000 0000-0x37FF FFFF
1 Write-through

7 W7 0 Write-back 0x3800 0000-0x3FFF FFFF
1 Write-through

8 ws 0 Write-back 0x4000 0000-0x47FF FFFF
1 Write-through

9 wo 0 Write-back 0x4800 0000 -0x4FFF FFFF
1 Write-through

10 W10 | 0 Write-back 0x5000 0000-0x57FF FFFF
1 Write-through

11 W11 0 Write-back 0x5800 0000 -0x5FFF FFFF
1 Write-through i

12 W12 | O Write-back 0x6000 0000-0x67FF FFFF
1 Write-through

13 W13 | 0 Write-back 0x6800 0000 -0x6FFF FFFF
1 Write-through

14 W14 | O Write-back 0x7000 0000-0x77FF FFFF
1 Write-through

15 W15 | 0 Write-back 0x7800 0000-0x7FFF FFFF
1 Write-through
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DCWR (cont.)

Data Cache Write-through Register

16 W16 | 0 Write-back 0x8000 0000—-0x87FF FFFF
1 Write-through

17 W17 | 0 Write-back 0x8800 0000-0x8FFF FFFF
1 Write-through

18 W18 | 0 Write-back 0x9000 0000-0x97FF FFFF
1 Write-through

19 W19 | 0 Write-back 0x9800 0000—-0xSFFF FFFF
1 Write-through

20 W20 | 0 Write-back 0xA000 0000-0xA7FF FFFF
1 Write-through

21 w21 0 Write-back 0xA800 0000-0xAFFF FFFF
1 Write-through

22 W22 | 0 Write-back - 0xB000 0000-0xB7FF FFFF
1 Write-through

23 W23 | 0 Write-back 0xB800 0000-0xBFFF FFFF
1 Write-through

24 W24 | 0 Write-back 0xC000 0000-0xC7FF FFFF
1 Write-through

25 W25 | 0 Write-back 0xC800 0000 -0xCFFF FFFF
1 Write-through

26 W26 | 0 Write-back 0xD000 0000-0xD7FF FFFF
1 Write-through

27 W27 | 0 Write-back 0xD800 0000—-0xDFFF FFFF
1 Write-through

28 W28 | 0 Write-back 0xE000 0000—-0xE7FF FFFF
1 Write-through

29 W29 | 0 Write-back OxE800 0000—-0xEFFF FFFF
1 Write-through

30 W30 | 0 Write-back 0xF000 0000-0xF7FF FFFF
1 Write-through

31 W31 0 Write-back 0xF800 0000-0xFFFF FFFF

1 Write-through

Preliminary
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DEAR

Data Exception Address Register

SPR 0x3D5
See “Data Exception Address Register (DEAR)” on page 10-34.

[0

31]

Figure 25-26. Data Exception Address Register (DEAR)

| 0:31 l | Address of Data Error (synchronous)
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DCR 0x100, 0x108, 0x110, 0x118
See “DMA Channel Control Registers (DMAO_CRO-DMAO_CR3)” on page 18-8.

CE

D

PW SAI T PWC

DMAO_CR0-DMAO_CR3

DMA Channel Control Registers 0-3

ETD CP PCE

[0]1]2]3]4 5[6]7]8]9 10[11 12[13

18[19  21[22[23[24 25[26 27]28[29[30 31]

CIE

PL

DAl BEN PSC

PHC TCE PF DEC

Figure 25-27. DMA Channel Control Registers (DMAO_CRO0-DMAO_CR3)

CE

Channel Enable
0 Channel is disabled
1 Channel is enabled

This field is automatically cleared when
the transfer completes or an error occurs.

CIE

Channel Interrupt Enable
0 Disable interrupts from this channel
1 Enable interrupts from this channel

When enabled, interrupts are generated
for terminal count, end of transfer, and
errars conditions. See “DMA Interrupts”
on page 18-15..

™D

In peripheral mode:
0 Transfers are from memory-to-peripheral

TD is not used (don't care) for software-
initiated memory-to-memory transfers.

1 Transfers are from peripheral-to-memory
In device-paced memory-to-memory mode:
0 Peripheral is at the destination address

1 Peripheral is at the source address

Peripheral Location
0 External peripheral (EBC) bus
1 OPB (UARTO)

Peripheral Width/Memory alignment

00 Byte (8 bits)

01 Halfword (16 bits)

10 Word (32 bits)

11 Doubleword (64 bits) memory-to-memory
transfers only

4:5 PW Transfer width equals peripheral width for

peripherals.

6 DAl | Destination Address Increment

0 Do not increment destination address

1 After each data transfer increment the
destination address by:
1, if the transfer width is a byte (8 bits)
2, if the transfer width is a halfword (16 bits)
4, if the transfer width is a word (32 bits)
8, if the transfer width is a doubleword (64 bit)

7 SAl | Source Address Increment
0 Do not increment source address
1 After each data transfer increment the source
address by:
1, if the transfer width is a byte (8 bits)
2, if the transfer width is a halfword (16 bits)
4, if the transfer width is a word (32 bits)
8, if the transfer width is a doubleword (64 bit) -
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DMAO_CRO-DMAO_CRS3 (cont.)

DMA Channel Control Registers 0-3

8 BEN | Buffer Enable If BEN=0 discrete read and write
0 Disable DMA 32-byte buffer operations occur for each data transfer.
1 Enable DMA 32-byte buffer
9:10 TM | Transfer mode
00 Peripheral
01 Reserved
10 Software-initiated memory-to-memory
11 Device-paced memory-to-memory
11:12 | PSC | Peripheral Setup Cycles Number of PerClk cycles that the EBC
0-3 peripheral bus is idle from the last
peripheral bus transaction to DMAAckn
becoming active. Used only for the
peripheral side of peripheral mode
transfers.
13:18 | PWC | Peripheral Wait Cycles DMAAckn remains active for PWC+1
0-63 PerClk cycles. Used only for the
peripheral side of peripheral mode
transfers.
19:21 | PHC | Peripheral Hold Cycles The number of PerClk cycles between
0-7 the time that DMAAckn becomes inactive
until the peripheral bus is available for the
next bus access. Used only during the
peripheral side of peripheral mode
transfers.
22 ETD | End-of-Transfer/Terminal Count (EOTn[TCn]) ETD must be set to 1 if the channel is
Pin Direction configured for software-initiated memory-
0 EOTN[TCn] is an EOT input to-memory transfers.
1 EOTR[TCn] is a TC output
23 TCE | Terminal Count (TC) Enable If TCE=1, it is required that ETD=1.
0 Channel does not stop when TC is reached
1 Channel stops when TC is reached
24:25 | CP | Channel Priority Actively requesting channels of the same
00 Low priority priority are ranked in order by channel
01 Medium low priority number, channel 0 having the highest
10 Medium high priority priority. See “Channel Priorities” on
11 High priority page 18-13 for more information.
26:27 PF Memory Read Prefetch Transfer Used only during memory-to-peripheral
00 Prefetch 1 doubleword and deviced-paced memory-to-memory
01 Prefetch 2 doublewords transfers. To enable prefetching it is
10 Prefetch 4 doublewords " required that BEN=1.
11 Reserved
28 PCE | Parity Check Enable Enables parity checking for peripheral
0 Disable parity checking mode transfers. See “Data Parity During
1 Enable parity checking DMA Peripheral Transfers” on
page 18-14.
29 DEC | Address Decrement If DEC=1, it is required that BEN=0. This
0 SAl and DAI fields control memory address field is valid only for peripheral mode
incrementing. transfers (TM=00).
1 After each data transfer the memory address
is decremented by the transfer width.
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DMAO_CRO-DMAO_CR3 (cont.)

DMA Channel Control Registers 0-3

[30:31 | [ Reserved ]
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DMAO_CT0-DMAO_CT3

DMA Count Register 0-3

DCR 0x101, 0x109, Ox111, 0x119

See “DMA Count Registers (DMAO_CT0-DMAO_CT3)” on page 18-11.
NTR

81]

Figure 25-28. DMA Count Registers (DMAO_CT0-DMAO_CT3)

0:15 Reserved

16:31 | NTR Number of transfers remaining
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DMAO_DA0O-DMAO_DA3

DMA Destination Address Register 0-3
DCR 0x102, 0x10A, 0x112, 0x11A
See “DMA Destination Address Registers (DMAO_DAO-DMAO_DAS)” on page 18-11.

o 3]

Figure 25-29. DMA Destination Address Registers (DMAO_DA0-DMAOQ_DA3)

0:31 Destination address for memory-to-
memory and peripheral-to-memory
trqnsfers. ’
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DMAO_POL

DMA Polarity Configuration Register
DCR 0x126
See “DMA Polarity Configuration Register (DMAO_POL)" on page 18-5.

ROP EOP A1P R2P E2P A3P

T3]

I
[O[A[2[3[4[5[6[7[8 o0 12
1 )

AOP RiP E1P A2P R3P E3P

Figure 25-30. DMA Polarity Configuration Register (DMAO_POL)

0 ROP DMAReq0 Polarity
0 DMAReqQ is active high
1 DMAReqQ is active low

1 AOP DMAACckO Polarity
0 DMAACKO is active high
1 DMAACkO is active low

2 EOP EQOTO[TCO] Polarity
0 EOTO[TCO] is active high
1 EOTO[TCO] is active low

3 R1P DMAReq1 Polarity
0 DMAReqT is active high
1 DMAReq1 is active low

4 A1P DMAACck1 Polarity
0 DMAACk1 is active high
1 DMAACck1 is active low

5 E1P EQOT1[TC1] Polarity
0 EOT1[TC1] is active high
1 EOT1[TC1] is active low

6 R2P DMAReq2 Polarity
0 DMAReq2 is active high
1 DMAReq2 is active low

7 A2P DMAAck2 Polarity
0 DMAACK2 is active high

1 DMAACcK2 is active low

8 E2P EOT2[TC2] Polarity
0 EOT2[TC2] is active high
1 EOT2[TC2] is active low

9 R3P DMAReq3 Polarity
0 DMAReq3 is active high
1 DMAReq3 is active low

10 A3P DMAACck3 Polarity
0 DMAACK3 is active high
1 DMAACckS is active low
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DMAO_POL

DMA Polarity Configuration Register

11 E3P EOT3[TC3] Polarity
0 EOT3[TC3] is active high
1 EOT3[TC3] is active low

12:31 - Reserved
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DMAO_SA0-DMAO_SA3

DMA Source Address Registers 0~3

DCR 0x103, 0x10B, 0x113, 0x11B
See “DMA Source Address Registers (DMAO_SA0-DMAO_SA3)” on page 18-10.

[0 31]

Figure 25-31. DMA Source Address Registers (DMA0_SA0-DMAO_SA3)

0:31 Source address for memory-to-memory
and memory-to-peripheral transfers.
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DMAO_SG0-DMAO0_SG3

DMA Scatter/Gather Descriptor Address Registers 0-3
DCR 0x104, 0x10C, 0x114, 0x11C
See “DMA Scatter/Gather Descriptor Address Registers (DMAO_SGO—DMAO_SGS)" on page 18-12.

O 3]

Figure 25-32. DMA Scatter/Gather Descriptor Address Registers (DMA0_SGO0-DMAO_SG3)

0:31 Address of next scatter/gather descriptor
table.
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DMAO_SGC

DMA Scatter/Gather Command Register

DCR 0x123
See “DMA Scatter/Gather Command Register (DMAO_SGC)” on page 18-13.
SSGo SsG2 EMO EM2

B[16[17[18]19]2

SSG1 SSG3 EM1 EM3

Figure 25-33. DMA Scatter/Gather Command Register (DMA0_SGC)

0:3 SSG[0:3] | Start Scatter/Gather for channels 0-3. To start a scatter/gather operation for
0 Scatter/gather support is disabled channel n, EM[n] must also be set.
1 Scatter/gather support is enabled

415 | - | Reserved .

16:19 EM[0:3] | Enable Mask for channels 0-3. To write SSG[n], EM[n] must be set.
0 Writes to SSG[n] are ignored Otherwise, writing SSG[n] has no effect.
1 Allow writing to SSG[n]

20:31 Reserved
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DMAO_SLP

DMA Sleep Mode Register
DCR 0x125
See “DMA Sleep Mode Register (DMAQ_SLP)” on page 18-6.
"iu snfE
[0 4[5 opiofit. T e g |
IDL

Figure 25-34. DMA Sleep Mode Register (DMAO_SLP)

0:4 IDU Idle Timer Upper Upper 5-bits of the idle timer.
0-31

5:9 IDL Idle Timer Lower Lower 5-bit portion of the idle timer.
Hardcoded to Ob11111 Writing this field has no effect.

10 SME Sleep Mode Enable If SME=1, also set C°PMO_ER[DMA] to
0 Sleep disabled enable the Clock and Power
1 Sleep enabled Management macro to put the DMA

controller to sleep.
11:31 | | Reserved
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DMAO_SR

DMA Status Register
DCR 0x120

See “DMA Scatter/Gather Command Register (DMAO_SGC)” on page 18-13.
CSO €S2 TSO TS2 Rl0 RI2 IR0 IR2 ER0O ER2 CBO CB2 SGO SG2

[0 [2[3[4[5[6[7[8]9 10[11[12[13[14]T5[16[17]18]19[20[21[22[23[24] 25[26[27[28

T

CS1t CS3 TS1 TS3 RN RI3 IR1 IR ER1 ER3 CB1 CB3 SG1 SG3

Figure 25-35. DMA Status Register (DMAO_SR)

0:3 CS[0:3] | Channel 0-3 Terminal Count Status Set when the transfer count reaches 0.
. 0 Terminal count has not occurred
1 Terminal count has been reached

4.7 TS[0:3] | Channel 0-3 End of Transfer Status Only valid for channels with
0 End of transfer has not been requested DMAOQO_CRN[ETD]=0.
1 End of transfer has been requested

8:11 RI[0:3] | Channel 0-3 Error Status See “Errors” on page 18-14 for more
0 No error information.
1 Error occurred

12:15 | IR[0:3] | Internal DMA Request
0 No internal DMA request pending
1 Internal DMA request is pending

16:19 | ER[0:3] | External DMA Request
0 No external DMA request pending
1 External DMA request is pending

20:23 | CB[0:3] | Channel Busy
0 Channel is idle
1 Channel currently active

24:27 | SG[0:3] | Scatter/Gather Status
0 No scatter/gather operation in progress
1 Scatter/gather operation in progress

28:31 Reserved
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DVC1-DVC2

Data Value Compare Registers
SPR 0x3B6-0x3B7
See “Data Value Compare Registers (DVC1-DVC2)” on page 12-15.

Lo [ 3]

Figure 25-36. Data Value Compare Registers (DVC1-DVC2)
| 0:31 I | Data Value to Compare
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EBCO_BEAR

" Peripheral Bus Error Address Register
DCR Accessed using EBCO_CFGADDR; EBCO_CFGDATA; Offset 0x20
See “Peripheral Bus Error Address Register (EBCO_BEAR)” on page 16-29.

[© ' 3]

Figure 25-37. Peripheral Bus Error Address Register (EBCO_BEAR)

l 0:31 I ) Address of Bus Error (asynchronous)
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EBCO_BESRO

Peripheral Bus Error Status Register 0

DCR Accessed using EBCO_CFGADDR; EBCO_CFGDATA; Offset 0x21
See “Peripheral Bus Error Status Register 0 (EBC0O_BESRO)” on page 16-30.

EETO EliT1 ' E!iT2 EiTS FL3
[0 2[3[4 5]6 8[9[10 11[12__ 14[15]16 17]18 _20[21]22]23[24 31]
RWS0 RWS1 RWS2 RWS3 AL3

Figure 25-38. Peripheral Bus Error Status Register 0 (EBCO_BESRO0)

0:2 EETO | Error type for master 0 Master 0 is the processor instruction fetcher.
000 No error

001 Parity error

010 Reserved

011 Reserved

100 Protection error

101 Reserved

110 External bus input error

111 External bus timeout error

3 RWSO0 | Read/write status for master 0
0 Error operation was a write operation
1 Error operation was a read operation

4:5 | Reserved

6:8 EET1 Error type for master 1 Master 1 is the processor data side.
000 No error

001 Parity error

010 Reserved

011 Reserved

100 Protection error

101 Reserved

110 External bus input error

111 External bus timeout error

9 RWS1 | Read/write status for master 1
0 Error operation was a write operation
1 Error operation was a read operation

10:11 | Reserved

12:14 |EET2 | Error type for master 2 Master 2 is the external bus master.
000 No error '

001 Parity error

010 Reserved

011 Reserved

100 Protection error

101 Reserved

110 External bus input error

111 External bus timeout error

15 RWS2 | Read/write status for master 2
0 Error operation was a write operation
1 Error operation was a read operation
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EBCO_BESRO (cont.)

Peripheral Bus Error Status Register 0

16:17 Reserved

18:20 | EET3 | Error type for master 3 Master 3 is the PCI bridge.
000 No error

001 Parity error

010 Reserved

011 Reserved

100 Protection error

101 Reserved

110 External bus input error

111 External bus timeout error

21 RWS3 | Read/write status for master 3
0 Error operation was a write operation
1 Error operation was a read operation

22 FL3 Field lock for master 3
0 EET3 and RWS3 fields are unlocked
1 EET3 and RWSS3 fields are locked

23 [AL3 EBCO_BEAR address lock for master 3
0 EBCO_BEAR address unlocked
1 EBCO_BEAR address locked

24:31

" | Reserved
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EBCO_BESR1

Peripheral Bus Error Status Register 1

DCR Accessed using EBCO_CFGADDR; EBCO_CFGDATA; Offset 0x22
See “Peripheral Bus Error Status Register 1 (EBCO_BESR1)” on page 16-32.

EET5 FLS

I L L e )

RWS5 AL5

Figure 25-39. Peripheral Bus Error Status Register 1 (EBCO_BESR1)

0:2

EET4

Error type for master 4 Master 4 is the MAL.
000 No error .

001 Parity error

010 Reserved

011 Reserved

100 Protection error

101 Reserved

110 External bus input error

111 External bus timeout error

RWS4

Read/write status for master 4
0 Error operation was a write operation
1 Error operation was a read operation

FL4

Field lock for master4
0 EET4 and RWS4 fields are unlocked

1 EET4 and RWS4 fields are locked

AL4

EBCO_BEAR address lock for master 4
0 EBCO_BEAR address unlocked
1 EBCO_BEAR address locked

6:8

EET5

Error type for master 5 Master 5 is the DMA controller.
000 No error '

001 Parity error

010 Reserved

011 Reserved

100 Protection error

101 Reserved

110 External bus input error

111 External bus timeout error

RWS5

Read/write status for master 5
0 Error operation was a write operation
1 Error operation was a read operation

10

FL5

Field lock for master 5
0 EET5 and RWSS fields are unlocked
1 EET5 and RWSS fields are locked

AL5

EBCO_BEAR address lock for master 5
0 EBCO_BEAR address unlocked
1 EBCO_BEAR address locked
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EBCO_BESR1 (cont.)

Peripheral Bus Error Status Register 1

Reserved
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EBCO_BnAP

Peripheral Bank 0—-7 Access Parameters

DCR Accessed using EBCO_CFGADDR; EBCO_CFGDATA; Offset 0x10-0x17

See “Peripheral Bank Access Parameters (EBCO_BnAP)” on page 16-26.

BME T\iVT CSN WBN TH SOR PEN
[o]1 56 8]9  ~ 11[12 13]14 15[16 17[18 19]20  22[23]|24]25]26[27 31]
FWT BWT OEN WBF RE BEM
Figure 25-40. Peripheral Bank Access Parameters (EBCO_BnAP)
0 BME | Burst Mode Enable
0 Bursting is disabled
1 Bursting is enabled
1:8 TWT Transfer Wait Wait states on all transfers when BME=0.
0-255 PerClk cycles
1.5 FWT | First Wait If BME=1, number of wait states on the first
0-31 PerClk cycles transfer of a burst.
6:8 BWT | Burst Wait If BME=1, number of wait states on non-first
0-7 PerClk cycles transfers of a burst.
811 | | Reserved
12:13 | CSN Chip Select On Timing Number of cycles from peripheral address
0-3 PerClk cycles driven to PerCSn low.
14:15 | OEN | Output Enable On Timing Number of cycles from PerCSn low to
0-3 PerClk cycles PerOE low.
16:17 | WBN | Write Byte Enable On Timing If BEM=0, number of cycles from PerCSn
0-3 PerClk cycles low to PerWBEQ:3 active.
18:19 [WBF | Write Byte Enable Off Timing If BEM=0 and RE=0, number of cycles
0-3 PerClk cycles PerWBEN becomes inactive prior to PerCSn
inactive.
20:22 |TH Transfer Hold Contains the number of hold cycles inserted
0-7 PerClk cycles at the end of a transfer.
23 RE Ready Enable '
0 PerReady is disabled
1 PerReady is enabled
24 SOR | Sample on Ready
0 Data transfer occurs one PerClk cycle after
PerReady is sampled active
1 Data transfer occurs in the same PerClk
cycle that PerReady becomes active
25 BEM [ Byte Enable Mode If BEM=0, PerWBEQ:3 timing is controlled by
0 PerWBEQ:3 are only active for write cycles WBN and WBF. If BEM=1, PerWBEOQ:3 has
1 PerWBEO:3 are active for read and write the same timing as PerAddr0:31.
cycles
26 PEN Parity Enable The EBC implements odd parity.

0 Disable parity checking
1 Enable parity checking
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EBCO0_BnAP (cont.)

Peripheral Bank 0-7 Access Parameters

Reserved
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EBCO0_BnCR

Peripheral Bank Configuration Registers
DCR Accessed using EBCO_CFGADDR; EBCO_CFGDATA; Offset 0x00-0x07
See “Peripheral Bank Configuration Registers (EBCO_BnCR)” on page 16-25.

BAS BS BU BW

[0 1i[i2__14[15 1e[17 18]19 31]

Figure 25-41. Peripheral Bank Configuration Registers (EBC0O_BnCR)

0:11 BAS | Base Address Select Specifies the bank starting address, which
must be a multiple of the bank size.

12:14 BS | Bank Size

000 1 MB bank
001 2 MB bank
010 4 MB bank
011 8 MB bank
100 16 MB bank
101 32 MB bank
110 64 MB bank
111 128 MB bank

15:16 BU | Bank Usage Specifies the type of accesses allowed for
00 Disabled the bank. A protect error occurs if a write is
01 Read-only attempted to a read-only bank or a read

10 Write-only from a write-only bank.

11 Read/Write

17:18 BW | Bus Width

00 8-bit bus
01 16-bit bus
10 32-bit bus
11 Reserved

19:31 - | Reserved
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EBCO_CFG

External Peripheral Control Register

DCR Accessed using EBCO_CFGADDR; EBCO_CFGDATA; Offset 0x23
See “EBC Configuration Register (EBCO_CFG)” on page 16-23.

PID EMPL CSTC EMS PMT
[o]1]2 4]5 6]7 8]9[10 1112 13]14]15 19120 0000 31
EBTC RTC EMPH BPF PME
Figure 25-42. EBC Configuration Register (EBC0O_CFG)
0 EBTC | External Bus Three-State Control Default after reset is EBTC=1. See “Effect of
0 Address, data and control signals are Driver Enable Programming on EBC Signal
high-Z between EBC transfers. States” on page 16-5.
1 Between EBC transfers the peripheral data
bus, address bus and control signals are
driven.
1 PTD | Device-Paced Time-out Disable If PTD=1, the EBC .waits indefinitely for
0 Enabled time-outs assertion of PerReady during device-paced
1 Disable time-outs accesses.
2:4 RTC | Ready Timeout Count When PTD=0, the number of cycles from
000 16 PerClk cycles PerAddr0:31 changing until a time-out error
001 32 PerClk cycles occurs.
010 64 PerClk cycles
011 128 PerClk cycles
100 256 PerClk cycles
101 512 PerClk cycles
110 1024 PerClk cycles
111 2048 PerClk cycles
5:6 | EMPL | External Master Priority Low The PLB priority for external master initiated
00 Low transfers when the external master hold
01 Medium low priority input is low (HoldPri=0).
10 Medium high
11 High
7:8 | EMPH | External Master Priority High The PLB priority for external master initiated
00 Low transfers when the external master hold
01 Medium low priority input is high (HoldPri=1).
10 Medium high
11 High
9 CSTC | Chip Select Three-state Control Defauit after reset is CSTC=1. See “Effect of
0 PerCS0:7 are high-Z between EBC Driver Enable Programming on EBC Signal
transfers and when an external masteris  States” on page 16-5.
active (HoldAck=1)
1 PerCS0:7 are always driven.
10:11| BPF | Burst Prefetch Controls the amount of data prefetching
00 Prefetch 1 doubleword when the EBC is servicing a PLB burst read.
01 Prefetch 2 doublewords For most applications set this field to 0b00.
10 Prefetch 4 doublewords
11 Reserved
25-76 PPC405GP User's Manual Preliminary




EBCO0_CFG (cont.)

External Peripheral Control Register

12:13 | EMS | External Master Size Width of the attached external master.
00 8-bit

01 16-bit

10 32-bit

11 No external master attached

14 PME | Power Management Enable

0 Disabled
1 Enabled
15:19 | PMT | Power Management Timer The EBC makes a sleep request to the Clock
0-31 and Power Management unit when PME=1
and the EBC has been idle for 32*PMT
PerClk cycles.
20:31 | Reserved
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EBCO_CFGADDR

Peripheral Controller Address Register

DCR 0x012
See “EBC Registers” on page 16-23.
This register is used to determine offsets for the indirectly-accessed EBC DCRs.
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EBCO_CFGDATA

Peripheral Controller Data Register
DCR 0x013
See “EBC Registers” on page 16-23.

This register is used to access the indirectly-accessed EBC DCRs.
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EMACO_GAHT1-EMACO_GAHT4

Group Address Hash Tables 1—4

" MMIO 0xEF600840-0xEF60084C
See “Group Address Hash Tables 1-4 (EMACO_GAHT1-EMACO_GAHT4)" on page 19-37.

31]

Figure 25-43. Group Address Hash Tables 1-4 (EMACO_GAHT1-EMACO0_GAHT4)

Reserved

0:15

Group Address Hash Number
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EMACO_IAHR

Individual Address High Register
MMIO 0xEF60081C
See “Individual Address High (EMACO_IAHR)” on page 19-35.

[0 S e 0 1B)16 3]

Figure 25-44. Individual Address High Register (EMACO_IAHR)
0:15 .| Reserved

16:31 High-order halfword of the station unique This field contains bits 0:15 of the
individual address destination address (bit O is the most
significant bit).
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EMACO_IAHT1-EMACO_IAHT4

Individual Address Hash Tables 1—4

MMIO 0xEF600830-0xEF60083C
See “Individual Address Hash Tables 1—4 (EMACO_IAHT1-EMACO_IAHT4)” on page 19-37.

PHYD PHYE OPBC PRA
10 15]16[17]18 1920 21]22 26[27 31]
OC STAC PCDA
Figure 25-45. STA Control Register (EMACO_STACR)

0:15 PHYD | PHY data Data to be sent to the PHY if the command
is a write, or data is read from the PHY if
the command is a read.

16 oC Operation Complete

0 EMACO_STACR is addressed
1 PHY data transfer complete
17 PHYE | PHY Error EMACO_STACR[PHYE] = 0 when areadis
0 Successful read transaction successful.
1 Read transaction was not successful
18:19 | STAC | STA Command EMAC sets EMACO_STACR[STAC] =0
00 Reserved when the command is completed.
01 Read
10 Write
11 Reserved
20:21 | OPBC | OPB Bus Clock Frequency EMACO_STACR[OPBC] is used to
00 50 MHz generate the Management Data Clock
01 66 MHz (EMCMDCIk.
10 83 MHz When the operational frequency differs
11 100 MHz from those in the list, then the next greater
frequency should be chosen.
22:26 | PCDA | PHY Command Destination Address
27:31 | PRA PHY Register Address
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MMIO 0xEF600808

EMACO_TMRO

Transmit Mode Register 0

See “Transmit Mode Register 0 (EMACO_TMRO)” on page 19-27.

GNPOGNFD
[0[7[2[3[4 81
GNP1 FC
Figure 25-46. Transmit Mode Register 0 (EMACO0_TMRO0)
0 GNPO | Get New Packet 0 EMACO_TMRO[GNPOQ] = 0 if EMAC is
0 Writing 0 has no effect. programmed in dependent mode.
1 Packet ready for transmission on TX
Channel 0
1 GNP1 | Get New Packet 1 EMACO_TMRO[GNP1] = 0 if EMAC is
0 Writing 0 has no effect. programmed in dependent mode.
1 Packet ready for transmission on TX
Channel 1
2 GNPD | Get New Packet for Dependent Mode EMACO_TMRO[GNPD] = 0 if EMAC is not
0 Writing 0 to this bit has no effect programmed in dependent mode.
1 Packet ready for transmission in EMACO_TMRO[GNPD] = 1 activates the
dependent mode EMAC transmit path in dependent mode.
3 FC First Channel EMACO_TMRO[FC] is only meaningful in
0 Activate TX Channel 0 first when GNPD ~ dependent mode, after resetting
is1 EMACO_ISR[DBDM].
1 Activate TX Channel 1 first when GNPD  EMACO_TMRO[FC] = 0 if EMAC is not
is 1 programmed in dependent mode.
4:31 Reserved
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EMACO_TMR1

Transmit Mode Register 1
MMIO 0xEF60080C
See “Transmit Mode Register 1 (EMACO_TMR1)” on page 19-28.

[T) 4 f‘5.f:?ff7;~7»l 8 15716} o

TUR

Figure 25-47. Transmit Mode Register 1 (EMACO_TMR1)

0:4 TLR Transmit Low Request

5:7 Reserved
8:15 TUR Transmit Urgent Request
16:31 | | Reserved
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EMACO_TRTR

Transmit Request Threshold Register
MMIO O0xEF600860
See “Transmit Request Threshold Register (EMACO_TRTR)” on page 19-40.

[o 4[5 F - g 3]

Figure 25-48. Transmit Request Threshold Register (EMACO_TRTR)

0:4 TRT Transmit Request Threshold

The following number of bytes must be
placed in the Transmit FIFO before
initiating a transmit request.

00000 64 bytes

00001 128 bytes

00010 192 bytes

00011 256 bytes

11111 2048 bytes
5:31 | Reserved
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EMACO_VTCI

VLAN TCI Register

MMIO O0xEF600828
See “VLAN TCI Register (EMACO_VTCI)” on page 19-36.

VTCI

3]

Figure 25-49. VLAN TCI Re'gister (EMACO_VTCI)

0:15

Reserved

16:31

VLAN TCl tag
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MMIO 0xEF600824

EMACO_VTPID

VLAN TPID Register

See "VLAN TPID Register (EMACO_VTPID)” on page 19-36.

VIDT
[O 15]16 31 |
Figure 25-50. VLAN TPID Register (EMACO_VTPID)
0:15 o Reserved
16:31 | VIDT VLAN ID tag
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ESR

Exception Syndrome Register
SPR 0x3D4
See “Exception Syndrome Register (ESR)” on page 10-31.

MCI PIL PTR DIz

[4]5]6f7]8]9]1

PPR DST UOF

Figure 25-51. Exception Syndrome Register (ESR)

0 MCI Machine check—instruction
0 Instruction machine check did not occur.
1 Instruction machine check occurred.

Reserved

4 PIL Program interrupt—illegal
0 lllegal Instruction error did not occur.
1 lllegal Instruction error occurred.

5 PPR Program interrupt—privileged
0 Privileged instruction error did not occur.
1 Privileged instruction error occurred.

6 PTR Program interrupt—trap

0 Trap with successful compare did not
occur.

1 Trap with successful compare occurred.

Reserved

DST | Data storage interrupt—store fault

0 Excepting instruction was not a store.

1 Excepting instruction was a store
(includes dcbi, dcbz, and deccci).

9 DIZ Data/instruction storage interrupt—zone
fautt

0 Excepting condition was not a zone fault.
1 Excepting condition was a zone fault.

Reserved

16 UOF Data storage interrupt—UO fault

0 Excepting instruction did not cause a U0
fault.

1 Excepting instruction did cause a U0
fault.

17:31 | Reserved
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SPR 0x3D6

EVPR

Exception Vector Prefix Register

See “Exception Vector Prefix Register (EVPR)” on page 10-31.

EIP

Figure 25-52. Exception Vector Prefix Register (EVPR)
0:15 EVP | Exception Vector Prefix
16:31 Reserved
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GPIOO_IR

GPIO Input Register
MMIO 0xEF60071C Read-Only
See “GPIO Input Register (GPIOO_IR)” on page 23-6.

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

Figure 25-53. GPIO Input Register (GPIOO_IR)

0 | Reserved
1:23 GPIO register bits
24:31 | Reserved
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GPIO0_ODR

GPIO Open Drain Register

MMIO 0xEF600718
See “GPIO Open Drain Register (GPIO0_ODR)” on page 23-6.

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

Figure 25-54. GPIO Open Drain Register (GPIO0_ODR)

0 ', | Reserved
1:23 GPIO register bits
24:31 | Reserved
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GPIO0_OR

GPIO Output Register
MMIO 0xEF600700
See “GPIO Output Register (GPIO0_OR)” on page 23-5.

[O]112[3[ 4567 8]0 T0[T1[T2[Ta[T4[I5[T6[T7[18]T0][20[21[22[23[24

Figure 25-55. GPIO Output Register (GP1I00_OR)

0 { Reserved
1:23 GPIO register bits
24:31 Reserved
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GPIOO_TCR

GPIO Three-State Control Register

MMIO 0xEF600704
See “GPIO Three-State Control Register (GPIO0_TCR)” on page 23-5.

[O]7]2[3[4[5]6]7]8]9][10[11]12[13[14]15[16[17[18]19]20]21[22]23[24 : 31]

Figure 25-56. GPIO Three-State Register (GPIO0_TCR)

0 Reserved
1:23 GPIO register bits
24:31 Reserved
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GPR0-GPR31

General Purpose Registers

See “General Purpose Registers (R0-R31)” on page 3-6.

[0 37

Figure 25-57. General Purpose Registers (R0-R31)

, 0:31 I I General Purpose Register data
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IAC1-1AC4

Instruction Address Compare Registers

SPR 0x3F4-0x3F5, 0x3B4-0x3B5
See “Instruction Address Compare Registers (IAC1-IAC4)” on page 12-14.

[0 29[30 31]

Figure 25-58. Instruction Address Compare Registers (IAC1-1AC4)

0:29 ' Instruction Address Compare word Omit two low-order bits of complete
address address.
30:31 “ 7| Reserved
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ICCR

Instruction Cache Cacheability Register

SPR 0x3FB

See “Real-mode Storage Attribute Control” on page 6-17.

S0

S2

S4

S6 S8 S10

S12

S14

S16

S18

820 S22 S24 S26

S28

S30

(O] T]2]3[4]5] 6] 7] 8] 9[10[11[12[¥3[14[15]16[17[18]19]20]21]22] 23] 24]25] 2627 28] 29[ 30[ 31

S1 S3 85 87 89 S S13 S15 S17  S19  S21 S23 8§25 827 S29 S31

Figure 25-59. Instruction Cache Cachability Register (ICCR)

0 S0 0 Noncachable 0x0000 0000-0x07FF FFFF
1 Cachable

1 s1 0 Noncachable 0x0800 0000—0xOFFF FFFF
1 Cachable

2 82 0 Noncachable 0x1000 0000-0x17FF FFFF
1 Cachable

3 83 0 Noncachable 0x1800 0000-0x1FFF FFFF
1 Cachable

4 S4 0 Noncachable 0x2000 0000 ~0x27FF FFFF
1 Cachable

5 S5 0 Noncachable 0x2800 0000 —-0x2FFF FFFF
1 Cachable

6 S6 0 Noncachable 0x3000 0000-0x37FF FFFF
1 Cachable

7 S7 0 Noncachable 0x3800 0000 -0x3FFF FFFF
1 Cachable

8 S8 0 Noncachable 0x4000 0000~0x47FF FFFF
1 Cachable

9 S9 0 Noncachable 0x4800 0000-0x4FFF FFFF
1 Cachable

10 $10 0 Noncachable 0x5000 0000-0x57FF FFFF
1 Cachable

11 Si1 0 Noncachabie 0x5800 0000-0x5FFF FFFF
1 Cachable

12 S12 0 Noncachable 0x6000 0000-0x67FF FFFF
1 Cachable

13 813 0 Noncachable 0x6800 0000 —-0x6FFF FFFF
1 Cachable

14 S14 0 Noncachable 0x7000 0000-0x77FF FFFF
1 Cachable

15 S15 0 Noncachable 0x7800 0000~0x7FFF FFFF
1 Cachable
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ICCR (cont.)

Instruction Cache Cacheability Register

16 S16 0 Noncachable 0x8000 0000-0x87FF FFFF
1 Cachable
17 S§17 0 Noncachable 0x8800 0000-0x8FFF FFFF
1 Cachable
18 S18 0 Noncachable 0x9000 0000—-0x97FF FFFF
1 Cachable
19 S19 0 Noncachable 0x9800 0000 -0x9FFF FFFF
1 Cachable
20 S20 0 Noncachable 0xA000 0000-0xA7FF FFFF
1 Cachable
21 S21 0 Noncachable 0xA800 0000—-0xAFFF FFFF
1 Cachable
22 S22 0 Noncachable 0xB000 0000~-0xB7FF FFFF
1 Cachable
23 823 0 Noncachable 0xB800 0000-0xBFFF FFFF
1 Cachable
24 524 0 Noncachable 0xC000 0000-0xC7FF FFFF
1 Cachable .
25 8§25 0 Noncachable 0xC800 0000-0xCFFF FFFF
1 Cachable
26 S26 0 Noncachable 0xD000 0000-0xD7FF FFFF
1 Cachable
27 8§27 0 Noncachable 0xD800 0000—-0xDFFF FFFF
1 Cachable
28 S28 0 Noncachable OxE000 0000 -0xE7FF FFFF
1 Cachable
29 S29 0 Noncachable 0xE800 0000-0xEFFF FFFF
1 Cachable
30 $30 | 0 Noncachable 0xF000 0000—-0xF7FF FFFF
1 Cachable
831 0 Noncachable 0xF800 0000-0xFFFF FFFF

31

1 Cachable

Preliminary
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ICDBDR

Instruction Cache Debug Data Register

SPR 0x3D3 Read-Only

See “ICU Debugging” on page 4-14.

[o

31]

Figure 25-60. Instruction Cache Debug Data Register (ICDBDR)

‘ 0:31 ‘

I Instruction cache information

See icread on page 24-68.

ICU tag information is placed into the ICDBDR as shown:

0:21 TAG Cache Tag
2226 | Reserved
27 \' Cache Line Valid
0 Not valid
1 Valid
28:30 . | Reserved
31 LRU Least Recently Used (LRU)
0 A-way LRU
1 B-way LRU
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ICO_CLKDIV

1ICO Clock Divide

MMIO 0xEF60050C
See “lICO Clock Divide Register” on page 22-15.
DIVO DIV2 DIV4 DIV6

[0[1]2]3]4]5[6]7]

DIV1 DIV3 DIV5 DIV7

Figure 25-61. 1ICO Clock Divide Register (IC0_CLKDIV)
DIVO | Divisor bit 0
DIVA Divisor bit 1
DIV2 | Divisor bit 2
DIV3 | Divisor bit 3
DIV4 | Divisor bit 4
DIV5 | Divisor bit 5
DIV6 | Divisor bit 6
DiV7 | Divisor bit 7

Njio|loa| M O O =] O
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ICO_CNTL | |

1ICO Control
MMIO O0xEF600506

See “IICO Control Register” on page 22-6.
HMT TCT

CHT PT

(0] 1]2 3]4]5[6[7]

AMD

RPST RW

Figure 25-62. IICO Control Register (IICO_CNTL)

0 HMT Halt Master Transfer

0 Normal transfer operation.

1 Issue Stop signal on the |IC bus as soon
as possible to halt master transfer.

If no transfer is in progress, no action is
taken.

IICO_CNTL[PT] needs not be set.

If ICO_MDCNTLIEINT] = 1, an interrupt is
generated.

1 AMD Addressing Mode
0 Use 7-bit addressing.

1 Use 10-bit addressing.

Does not affect slave transfers.

2:3 TCT Transfer Count

00 Transfer one byte.
01 Transfer two bytes.
10 Transfer three bytes.
11 Transfer four bytes.

4 RPST Repeated Start

0 Normal start operation

1 Use repeated Start function to start
transfer.

5 CHT Chain Transfer

0 Transfer is only or last transfer.

1 Transfer is one of a sequence of transfers
(but not last in sequence).

Completion of a requested transfer causes
a Stop signal to be issued on the iIC bus.

Read/Write

0 Transfer is a write.
1 Transfer is a read.

Pending Transfer

0 Most recent requested transfer is
complete.

1 Start transfer if bus is free.
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IICO_DIRECTCNTL

1ICO Direct Control
MMIO 0xEF600510

See “lICO Direct Control Register” on page 22-20.
SDAC MSDA

Lo 3[4]5]6[7]

SCC MSC

Figure 25-63. 1ICO Direct Control Register (IICO_DIRECTCNTL)

0:3 X | Reserved

SDAC IICSDA Output Control

Directly controls the IICSDA output.

0 IICSDA is a logic 0

1 lICSDA is a logic 1

5 SCC IICSCL OQutput Control

Directly controls the [ICSCL output

0 lICSCL is a logic 0

1 1ICSCL is a logic 1

6 MSDA | Monitor lICSDA Read-only
Used to monitor the [ICSDA input :

0 IICSDA is a logic 0
1 IICSDA is a logic 1

7 MSC Monitor IICSCL. Used to monitor the Read-only
IICSCL input. '

0 IICSCL is a logic 0

1 IICSCL is a logic 1
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lICO_EXTSTS

11ICO Extended Status
MMIO 0xEF600509 -

See “lICO Extended Control and Slave Status Register” on page 22-18.
IRQP IRQD ICT

[0[1 __3[4[5]6]7]

BCS LA PT

Figure 25-64. 11C0 Extended Status Register (ICO_EXTSTS)

0 IRQP IRQ Pending * [ICO_EXTSTS[IRQP] might be set
0 No IRQ is pending. momentarily while an IRQ moves from
1 An IRQis active, another IRQ is on-deck, the Pending to the On-deck state.
and another interrupt-generating * An interrupt remains pending,
condition has occurred. IICO_EXTSTS[IRQP]=1, until the current

on-deck interrupt becomes active,
IICO_STS|[IRQD]=0 and
IICO_STS[IRQA])=1.

Writing 1 to IICO_EXTSTS[IRQP] clears
the field. :
When the IIC interrupt is disabled,
IICO_MDCNTL[IRQP] =0,
IICO_EXTSTS[IRQP] should be ignored.

.

1:3 BCS Bus Control State Read-only.

000 Unused; if this value is read, a major
1IC hardware problem occurred.

001 Slave-selected state; the IIC interface
has detected and decoded a slave
transfer request on the IIC bus.

010 Slave Transfer state; the 1IC interface
has detected but has not decoded a
slave transfer request on the 1IC bus.

011 Master Transfer state; entered after a
master transfer request has started on
the 1IC bus.

100 Free Bus state; the bus is free and no
transfer request is pending.

101 Busy Bus state; the bus is busy.

110 Unknown state; value after 1IC reset.

111 Unused; if this value is read, a major
IIC hardware problem occurred.
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ICO_EXTSTS (cont.)

1ICO Extended Status

IRQD IRQ On-Deck * 1ICO_EXTSTS[IRQD] might be set
0 No IRQ is on-deck. momentarily while an IRQ moves from
1 An interrupt is active, and another the On-deck to the Active state.
interrupt-generating condition has * An interrupt remains on-deck,
occurred. IICO_EXTSTSI[IRQD = 1, until the cur-
rent active interrupt is no longer active,
IICO_STS[IRQA] =0.
o If ICO_EXTSTS[IRQP] =1,
IICO_EXTSTS[IRQD] is set on the next
OPB clock.
¢ Writing 1 to IICO_EXTSTS[IRQD] clears
the field.
* When the IIC interrupt is disabled,
IICO_MDCNTL[IRQP]=0,
IICO_EXTSTS[IRQD] should be ignored.
LA Lost Arbitration « |f arbitration is lost, any requested mas-
0 Normal operation. ter transaction may have terminated pre-
1 Loss of arbitration has ended the maturely. Read data may be incomplete
requested master transfer. and not all write data may have been
written.
« If arbitration is lost during a repeat start,
the master may not own the IIC bus.
ICT Incomplete Transter For an incomplete transfer, read the
0 Normal operation. transfer count, ICO_XFRCNT, to determine
1 Some of the bytes of the requested how bytes were transferred.
master transfer were not transferred.
XFRA Transfer Aborted Transfer aborted. When settoa 1, a

0 No transfer is pending, or transfer is in
progress.

1 Arequested master transfer was aborted
by a NACK during the transfer of the
address byte, or was aborted because
arbitration was lost. Lost arbitration can

requested master transfer was aborted by
a NOT acknowledge during the transfer of
the address byte. ltis also set to a 1 when
a requested master transfer loses data.
Lost arbitration can be caused by the loss
of data during the transfer of the second or

be caused by the loss of data during the ~ Subsequent data byte.

transfer of the second or subsequent

data byte.
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ICO_HMADR

1ICO High Master Address
MMIO 0xEF600505

See “lICO High Master Address Register” on page 22-6.
A0 A2 A4 A

(0][1]2 3[4]5[6]7]

A1 A3 A5 A7

Figure 25-65. 11IC0 High Master Address Register (IICO_HMADR)

0 AO Address bit 0 1 for 10-bit addresses

1 Al Address bit 1 1 for 10-bit addresses

2 A2 Address bit 2 1 for 10-bit addresses

3 A3 Address bit 3 1 for 10-bit addresses

4 Ad Address bit 4 0 for 10-bit addresses

5 A5 Address bit 5 MSb for 10-bit addresses

6 A6 Address bit 6 Next to MSb for 10-bit addresses
7 A7 Address bit 7 . Don't care for 10-bit addresses
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ICO_HSADR

1ICO High Master Address

MMIO 0xEF60050B
See “lICO High Slave Address Register” on page 22-14.
AD A2 A4 AB

0 2 4 6

o
S o
Z—r

e

Figure 25-66. 11C0 High Slave Address Register (IICO_HSADR)

0 A0 Address bit 0 1 for 10-bit addresses

1 Al Address bit 1 1 for 10-bit addresses

2 A2 Address bit 2 1 for 10-bit addresses

3 A3 Address bit 3 1 for 10-bit addresses

4 A4 Address bit 4 0 for 10-bit addresses

5 A5 Address bit 5 MSb for 10-bit addresses

6 A6 Address bit 6 Next to MSb for 10-bit addresses
7 A7 Address bit 7 Don't care for 10-bit addresses

Preliminary Register Summary 25-105



ICO_INTRMSK

1ICO Interrupt Mask
MMIO OxEF60050D

See “1ICO Interrupt Mask Register” on page 22-16.

EIRC EIWC EIHE EITA

(0] 1]2]3[4]5]8]7]

EWCSEIWS EIIC EIMTC

Figure 25-67. 1ICO Interrupt Mask Register (IICO_INTRMSK)

0 EIRC Enable IRQ on Slave Read Complete The interrupt is activated upon receipt of a
0 Disable Stop during a slave read on the IIC bus.
1 Enable IICO_XTCNTLSS[SRC] = 1 indicates a
Slave Read Complete.
1 EIRS Enable IRQ on Slave Read Needs Service  The interrupt is activated upon receipt of a
0 Disable slave read on the IIC bus and the slave
1 Enable buffer was empty or went empty and more
data was requested on the IIC bus.
Note: IICO_XTCNTLSS[SRS] =1
indicates a Slave Read Needs
Service.
2 EIWC Enable IRQ on Slave Write Complete The interrupt is activated upon receipt of a
0 Disable Stop during a slave write on the lIC bus.
1 Enable Note: [ICOXTCNTLSS[SWC] = 1 indicates
a Slave Write Compete.
3 EIWS Enable IRQ on Slave Write Needs Service  The interrupt is activated when the slave
0 Disable buffer becomes full during a slave write on
1 Enable the IIC bus.
Note: IICO_XTCNTLSS[SWS] =1
indicates a Slave Write Needs
Service. '
4 EIHE Enable IRQ on Halt Executed
0 Disable
1 Enable
5 EIIC Enable IRQ on Incomplete Transfer
0 Disable
1 Enable
6 EITA Enable IRQ on Transfer Aborted
0 Disable
1 Enable
7 EIMTC | Enable IRQ on Requested Master Transfer
. Complete
0 Disable
1 Enable
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IICO_LMADR

11CO Low Master Address
MMIO 0xEF600504
See “IICO Low Master Address Register” on page 22-5.

A0 A2 A4 A6

(0[1][2 3[4[5[6]7]

Al A3 A5 A7

Figure 25-68. 11C0 Low Master Address Register (IICO_LMADR)

0 A0 Address bit 0

1 A1 Address bit 1

2 A2 Address bit 2

3 A3 Address bit 3

4 A4 Address bit 4

5 A5 Address bit 5

6 A6 Address bit 6 LSb for 7-bit addresses

7 A7 Address bit 7 LSb for 10-bit addresses; don’t care for

7-bit addresses
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lICO_LSADR

1ICO Low Slave Address

MMIO 0xEF60050A

See “lICO Low Slave Address Register” on page 22-14.

A0

A2

A4

A6

[O0[1]2 3[4]5[6[7]

A1l

A3

A5

A7

Figure 25-69. 1ICO Low Slave Address Register (IICO_LSADR)

0 A0 Address bit 0

1 A1l Address bit 1

2 A2 Address bit 2

3 A3 Address bit 3

4 A4 Address bit 4

5 A5 Address bit 5

6 A6 Address bit 6 LSb for 7-bit addresses

7 A7 Address bit 7 LSb for 10-bit addresses; don't care for

7-bit addresses
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lICO_MDBUF

IICO Master Data Buffer
MMIO 0xEF600500
See “lICO Master Data Buffer’ on page 22-3.

[ 7

Figure 25-70. 1IC0 Master Data Buffer (IIC0O_MDBUF)
Data bit
Data bit
Data bit
Data bit
Data bit
Data bit
Data bit
Data bit

Njlo|l o b~ W M|~ O
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IICO_MDCNTL

1ICO Mode Control
MMIO 0xEF600507

See “lIC0O Mode Control Register” on page 22-8.
FSDB EGC ESM EUBS

(0] 1][2]3]4]5[6[7]

FMDB FSM EINT HSCL

Figure 25-71. 11C0O Mode Contro! Register (ICO_MDCNTL)

0 FSDB Flush Slave Data Buffer Cleared after buffer is emptied.

0 Normal operation
1 Set slave data buffer to empty.

1 FMDB Flush Master Data Buffer Cleared after buffer is emptied.

0 Normal operation
1 Set master data buffer to empty.

2 EGC Enable General Call ’ 1ICO_MDCNTL[ESM] overrides this field; if
0 Ignore general call on 1IC bus. IICO_MDCNTLIESM] =1, a general call is
1 Respond to general call on IIC bus. ignored.
3 FSM Fast/Standard Mode
0 IIC transfers run at 100 kHz (standard
mode).
1 1IC transfers run at 400 kHz (fast mode).
4 ESM Enable Slave Mode Program IICO_LSADR and IICO_HSADR
0 Slave transfers are ignored. before setting this field.
1 Slave transfers are enabled.
5 EINT Enable Interrupt
0 Interrupts are disabled.
1 Enables interrupts for interrupts enabled
in ICO_INTRMSK.
6 EUBS Exit Unknown IIC Bus State If the 1IC bus control state machine is in a
0 Normai operation. known state, setting

1 1IC bus control state machine exits ICO_MDCNTL[EUBS] = 1 has no effect.

unknown bus state, if in an unknown
state.

7 HSCL Hold 1IC Serial Clock Low This field is used only when in slave mode.
0 If slave is not ready, issue a NACK in

response to slave transfer request.
1 If slave is not ready, hold the [ICSCL

signa! low until slave is ready.
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ICO_SDBUF

1ICO SLave Data Buffer
MMIO 0xEF600502
See “lICO Slave Data Buffer’ on page 22-4.

[0 7]

Figure 25-72. 11CO Slave Data Buffer (IIC0_SDBUF)
| Data bit
Data bit
Data bit
Data bit
Data bit
Data bit
Data bit
Data bit

N~ =lO
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IICO_STS

1ICO Status

MMIO 0xEF600508

See “lICO Status Register” on page 22-10.

SSS MDBS SCMP IRQA

v 4 4 4
(0l 1]2[3]4]5[6]7]

SLPRMDBF ERR PT

Figure 25-73. 1ICO Status Register (1IC0_STS)

0 SSS Slave Status Set Read-only; this field is set when any of th
0 No slave operations are in progress. following fields are set: :
1 Slave operation is in progress. IICO_XTCNTLSS[SRC, SRRS, SWC,
SWRS].
1 SLPR Sleep Request Read-only. The IIC interface is awakened
0 Normal operation. when a start signal is detected on the IIC
1 Sleep mode (CPCO_ER(IIC] = 1). bus or when the CPCO_ER][IIC] is
cleared.
2 MDBS Master Data Buffer Status Read-only.
0 Master data buffer is empty.
1 Master data buffer contains data.
3 MDBF | Master Data Buffer Full Read-only.
0 Master data buffer is not full.
1 Master data buffer is full.
4 SCMP Stop Complete To clear IICO_STS[SCMP], set
0 No request to halt transfer, or master 1ICO_STS[SCMP] = 1.
data transfer, is complete.
1 Request to halt transfer, or master data
transfer, is complete.
5 ERR Error Read-only.
0 No error has occurred.
1 One of the following fields is set:
IICO_EXTSTSILA, ICT, XFRA] = 1.
6 IRQA IRQ Active To clear IICO_STS[IRQA], set
0 No lIC interrupt has been sent to the 1ICO_STS[IRQA] = 1.
universal interrupt controller (UIC). If ICO_MDCNTLIEINT] = 0, then
1 An lIC interrupt has been sent to the UIC.  IICO_STS[IRQA] is not set.
7 PT Pending Transfer Read-only.
0 No transfer is pending, or transfer is in
progress.
1 Transfer is pending.
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HCO_XFRCNT

1ICO Transfer Count
MMIO O0xEF60050E

See “lIC0O Transfer Count Register” on page 22-17.
STC

[0[1_ 3[4[5 7]

MTC

Figure 25-74. 1IC0 Transfer Count Register (IICO_XFRCNT)
0 .| Reserved

1:3 STC Slave Transfer Count

000 0 bytes transferred
001 1 byte transferred
010 2 bytes transferred
011 3 bytes transferred
100 4 bytes transferred
101 Reserved

110 Reserved

111 Reserved

Reserved

5:7 MTC | Master Transfer Count

000 0 bytes transferred
001 1 byte transferred
010 2 bytes transferred
011 3 bytes transferred
100 4 bytes transferred
101 Reserved

110 Reserved

111 Reserved
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NICO_XTCNTLSS

1ICO Extended Control and Slave Status

MMIO 0xEF60050F

See “lICO Extended Control and Slave Status Register” on page 22-18.

SRC SWC SBDD EPI

2 4 6

1 3 5
T 11
SRS Sw

S SDBF SRST

Figure 25-75. 1ICO Extended Control and Slave Status Register (ICO_XTCNTLSS)

0 SRC Slave Read Complete Check whether the read operation emptied
0 Normal operation, or 1ICO_SDBUF.
IICO_MDCNTL[HSCL] = 0, lICO_SDBUF
is empty, and a read operation is in
progress.
1 A NACK or Stop condition was received
over the IIC bus, or a repeated Start
condition ended a read operation.
1 SRS Slave Read Needs Service 1. If ICO_MDCNTL[HSCL]=0 and
0 Normal operation or slave read does not ~ !IC0_SDBUF contains no data, the slave
need service. will issue a NACK and
1 IICO_SDBUF is empty, and a read ICO_XTCNTLSS[SRS] is set.
operation was requested on the IIC bus. 2. If ICOMDCNTL[HSCL]=0, and
The set condition may also indicate that 1ICO_SDBUF contains data, the slave will
IICO_SDBUF is empty due to a slave read ~ Send the data. ICO_XTCNTLSS[SRS} is
and additional data is requested by the not set unless the master request
master. additional data.
3. If HCO_MDCNTL[HSCL]}=0, and
IICO_SDBUF contains no data, the slave
will hold IICSCL low to indicate the slave is
busy. IICO_XTCNTLSS[SRS] is set until the
1ICO_SDBUF is filled. Once filled, IICSCL is
released, IICO_XTCNTLSS[SRS] is
cleared, and the slave sends the data.
4. If IICO_MDCNTL[HSCL]=1, and
1IC0_SDBUF contains data, the slave will
send the data. ICO_XTCNTLSS[SRS] is
not set unless the master requests
additional data.
2 sSwC Slave Write Complete
0 Normal operation or slave write in
progress.
1 A Stop signal was received during a write
operation, or a repeated Start condition
ended a write operation.
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lICO_XTCNTLSS (cont.)

1ICO Extended Control and Slave Status

SWsS Slave Write Needs Service 1. If ICO_MDCNTL[HSCL] = 1 and
0 Normal operation or slave write does not  ICO_SDBUF is full, the slave will hold
need service. IICSCL low to indicate the slave is busy.
1 ICO_SDBUF is full during a slave write.  ICO_XTCNTLSS[SWS] is set until
1ICO_SDBUF is empty. Once empty,
IICSCL is released,
IICO_XTCNTLSS[SWS] is cleared, and the
slave receives the data.
2. If ICO_MDCNTL[HSCL] = 0 and
IICO_SDBUF is full, the slave will issue a
NACK and [ICO_XTCNTLSS[SWS] is set.
SBDD | Slave Data Buffer Has Data Read-only.
0 IICO_SDBUF is empty
1 IICO_SDBUF contains data
SDBF Slave Data Buffer Full Read-only
0 HCO_SDBUF is not full
1 IICO_SDBUF is full
EPI Enable Pulsed IRQ on Transfer Aborted
0 The internal IIC interrupt signal to the
UIC remains active until the status is
cleared, ICOSTS[IRQA] =0.
1 The internal lIC interrupt signal to the
PPC405GP UIC is active for one OPB
clock cycle.
SRST Soft Reset
0 Normal operation
1 Soft reset
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LR

Link Register
SPR 0x008
See “Link Register (LR)” on page 3-8.

[0 3

Figure 25-76. Link Register (LR)

0:31 Link Register contents If (LR) represents an instruction address,
LR30:31 should be 0.
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MALO_CFG

MAL Configuration Register
DCR 0x180
See “MAL Configuration Register (MALO_CFG)” on page 20-25.

SR GA  PLBLE PLBB EOI‘IE SD
[o]1 718 9]10[11]12[13 16]17]18 [24] 28]29]30]31]
T
PLBP OA PLBLT OPBBL LEA

Figure 25-77. MAL Configuration Register (MALO_CFG)

0 SR MAL Software Reset This bit is used to generate a general reset to MAL

0 MAL reset is complete through a software command.

1 Reset the MAL After setting this bit, MAL hardware (registers,
interface and internal state machines) returns to the
power-on reset value.

The software writes 1 to this bit in order to drive
MAL to the reset state. The bit is cleared by the
hardware when the reset is completed (one system
clock).

1.7 Reserved

8:9 PLBP PLB Priority Determines the priority of MAL requests on the PLB.

00 Lowest

01

10

11 Highest

10 GA Guarded Active When this bit is set, MAL applies the GUARDED

0 GUARDED signal not signal to the PLB slave when itis the initiator on the

applied to the PLB slave bus.

1 GUARDED signal applied When set, the slave can access all the memory in

to the PLB slave the current page as well as the subsequent page.
11 OA Ordered Active When this bit is set, MAL applies the ORDERED

0 ORDERED signal not signal to the PLB slave when it is initiator on the bus

applied to the PLB slave during data write transactions.

1 ORDERED signal applied Note that the ORDERED signal is always driven

to the PLB slave active during status write transactions.
12 PLBLE PLB Lock Error When this bit is set, MAL applies the LOCKERROR

0 LOCKERROR signal not signal to the PLB slave when it is the initiator during

applied to the PLB slave PLB transactions.

1 LOCKERROR signal

applied to the PLB slave
13:16 | PLBLT PLB Latency Timer Determines the number of cycles allowed for burst
transactions on the PLB.
17 PLBB PLB Burst When this bit is reset, MAL is not allowed to perform
0 Burst transactions not burst transactions.
allowed
1 Burst transactions allowed

Preliminary
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MALO_CFG (cont.)

MAL Configuration Register

24 OPBBL OPB Bus Lock When this bit is set, MAL locks the OPB during data
0 OPB not locked transfers to and from the COMMACs.
1 OPB locked
18:28 Reserved
29 EOPIE End of Packet Interrupt When this bit is set, an interrupt is generated on
Enable every end of packet (both transmit and receive).
0 Generate interrupton every  When clear, end of packet/buffer interrupt is
end-of-packet only if the generated only if the buffers | bit is set (1).
buffers | bit is set Note: An interrupt is generated for every descriptor
1 Generate interrupt is on on which the | bit is set, regardless of the
every end-of-packet state of the EOPIE bit.
30 LEA Locked Error Active Determines MALs error handling mode. When this
0 Handle errors in a non- bit is set, MAL will handle errors in the locked mode,
locked mode otherwise it will handle errors in a non-locked mode.
1 Handle errors in locked
mode
31 SD MAL Scroll Descriptor Determines whether or not MAL should scroll to the
0 Do not scroll to the first first descriptor of the next packet, following an early
descriptor of the next packet termination initiated by the related
packet COMMAC. When set, Scrolling mode is active.
1 Scroll to the first descriptor
of the next packet
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DCR 0x181 Read/Clear
See “MAL Error Status Register (MALO_ESR)” on page 20-29.

EVB

DE OTE PEIN

MALO_ESR

MAL Error Status Register

ONEI OSEI

y
[o]1

5[7

10[11]12][13[14]15]16

26]27]28]29]30[31)

CID ONE OSE DEI OTEl PBEI
Figure 25-78. MAL Error Status Register (MALO_ESR)
0 EVB Error Valid Bit When this bit is set, bits 1-6 include the ID
0 Bit 1:15 are available for latching new . of the erroneous channel (in case of OPB
error information. errors). Bits 11-15 indicate the type of
1 Bits 1:15 contain last error. A new error.
error cannot be latched. In non-locked mode, the error indication
describes the last error that had occurred.

In locked mode, the error is the first one

that had occurred after this bit was

cleared.

This bit is set when an error occurs and

remains set until reset by the software. In

locked mode, new errors cannot be
latched in the error lock indication fields if
this bit is set

1:6 CID Channel ID This field contains the number of the
channel which caused the locked error.

Bit 1 indicates whether the channel ID

represents an RX channel (1) ora TX

channel (0).

Bits 2:6 indicates the number of the

channel that caused the error.

Note: An error on the PLB cannot be
related to a channel. The error
condition may be resolved by using
the error information optionally
locked in the PLB slave.

7:10 i Reserved

11 DE Descriptor Error Indicates that the error is a non-valid
0 No error descriptor, which is not the first descriptor
1 Non-valid descriptor in a TX packet.

12 ONE OPB Non-fullword Error Indicates that the error is a non-fullword
0 No error acknowledge asserted by an OPB slave.
1 Non-fullword asserted

13 OTE OPB Timeout Error Indicates the error is an OPB timeout.
0 No error
1 OPB timeout
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MALO_ESR (cont.)

MAL Error Status Register

14 OPB Slave Error Indicates the error is an error indication
0 No error asserted by an OPB slave.
1 OPB slave error
15 ‘| PLB Bus Error Indication When this bit is set, the detected erroris a

0 No error PLB error. There is no meaning to the

1 PLB bus error Channel ID field in this case.

Reserved

27 Descriptor Error Interrupt A descriptor data error is recognized

0 No error during access to the descriptor table.

1 Descriptor data error recognized This error indication is asserted when a
non-valid descriptor is accessed, which is
not the first descriptor in a TX packet. Set
condition for this bit generates a maskable
interrupt.

28 OPB Non-fullword Error Interrupt This bit is set following a non-fullword
0 No error acknowledgment coming from a slave. Set
1 Non-fullword acknowledgmentfroma  condition for this bit generates a maskable
slave interrupt.
29 OPB Timeout Error Interrupt This bit is set following an OPB time out
0 No error error indication. Set condition for this bit
1 OPB time-out generates a maskable interrupt.
30 OPB Slave Error Interrupt This bit is set following an OPB error
0 No error indicated by the slave. Set condition for
1 OPB error from a slave this bit generates a maskable interrupt.
31 PLB Bus Error Interrupt This bit is set following a PLB error

0 No error indication (from the PLB slave). Set

1 PLB error indication condition for this bit generates a maskable
interrupt.
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DCR 0x182 Read/Only
See “MAL Interrupt Enable Register (MALO_IER)" on page 20-31.

MALO_IER

MAL Interrupt Enable Register

NWE OPB
0 26]27|2829]30]31]
DE TO PLB
Figure 25-79. MAL Interrupt Enable Register (WVALO_IER)
0:26 | . | Reserved
27 DE Descriptor Error When set, this bit enables the descriptor
error (descriptor not valid) interrupt.
28 NWE | Non_W_Err_Int_Enable " When set, this bit enables OPB non-word
transfer error interrupt.
29 TO Time_Out_Int_Enable When set, this bit enables OPB time-out
error interrupt.
30 OPB OPB_Err_Int_Enable When set, this bit enables the OPB Slave
error interrupt.
31 PLB PLB_Err_Int_Enable When set, this bit enables the PLB error
interrupt.
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MALO_RCBSO0

" MAL Receive Channel Buffer Size Register

DCR 0x1E0

See “Buffer Length for Receive” on page 20-13.

3]

Figure 25-80. RX Channel Buffer Size Register 0 (MALO_RCBS0)

0:23

Reserved

24:31

Receive Channel Buffer Size
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DCR 0x191

MALO_RXCARR

MAL RX Channel_Active Reset Register

See “Channel Active Set and Reset Regiéters” on page 20-26.

(o[

31]

Figure 25-81. RX Channel_Active Reset Register (MALO_RXCARR)

Receive Channel Active Reset

Each bit represents its related
channel (bit 0 for channel O, etc.).
When 0 is written to the bit, channel
operation is disabled.

There is only one RX channel in the
PPC405GP.

1:31

| Reserved

Preliminary
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MALO_RXCASR

MAL RX Channel Active Set Register

DCR 0x190

See “Channel Active Set and Reset Registers” on page 20-26.

Figure 25-82. RX Channel_Active Set Register (MALO_RXCASR)

Receive Channel Active Set

Each bit represents its related
channel (bit 0 for channel 0 etc.).
When 1 is written to the bit, channel
operation is enabled.

There is only one RX channel in the
PPC405GP.

1:31

Reserved
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MALO_RXCTPOR

MAL Receive Channel 0 Pointer Register

DCR 0x1C0
See “Channel Table Pointer Registers (MALO_TXCTPxR, MALO_RXCTPOR)” on page 20-33.

E ~ , 3]

Figure 25-83. RX Channel Table Pointer x Register (MALO_RXCTPxR)

0:31 Channel Table Pointer Pointer to the base address in memory of
the buffer descriptor table used by the
channel. The value entered should be a
pointer to a location in memory
accommodating an aligned double fullword
(this requires the three least significant bits
of this pointer must be 000)

There is one receive channel (x = 0).
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MALO_RXDEIR

MAL Receive Descriptor Interrupt Register

DCR 0x193 Read/Clear
See “Descriptor Error Interrupt Registers (MALO_TXDEIR, MALO_RXDEIR)" on page 20-32.

Figure 25-84. RX Descriptor Error Interrupt Register (MALO_RXDEIR)

0 Receive Descriptor Error Interrupt Each bit represents its related

channel (bit 0 for channel 0 etc.).

When one or more bits are set,
MAL_DESC_ERR_INT is set. Writing 1 to
a bit resets it.

There is only one RX channel in the
PPC405GP.

1:31 Reserved
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DCR 0x192 Read/Clear )
See “End of Buffer Interrupt Status Registers” on page 20-28.

MALO_RXEOBISR

MAL Receive End-of-Buffer Interrupt Status Register

(o] 1 31
Figure 25-85. RX End of Buffer Interrupt Status Register (MALO_RXEOBISR)
0 ‘Receive Channel End-of-Buffer Interrupt Each bit represents its related
channel (bit 0 for channel 0, etc.).
Writing 1 to a bit resets it.
There is only one RX channel in the
PPC405GP.
1:31 Reserved
Register Summary 25-127
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MALO_TXCARR

MAL TX Channel Active Reset Register

DCR 0x185
See “Channel Active Set and Reset Registers” on page 20-26.

Figure 25-86. TX Channel_Active Reset Register (MALO_TXCARR)

0:1 Transmit Channel Active Reset Each bit represents its related
channel (bit 0 for channel 0, etc.).
When 1 is written to the bit, channel
operation is disabled.

There are only two TX channels in the
PPC405GP.

2:31 Reserved
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MALO_TXCASR

MAL TX Channel Active Set Register

DCR 0x184
See “Channel Active Set and Reset Registers” on page 20-26.

3

CRIE

Figure 25-87. TX Channel_Active Set Register (MALO_TXCASR)

0:1 Transmit Channel Active Set Each bit represents its related
channel (bit 0 for channel 0, etc.).

When 1 is written to the bit, channel
operation is enabled.

There are only two TX channels in the
PPC405GP.

2:31 | | Reserved
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MALO_TXCTPxR

MAL Transmit Channel Pointer Registers

DCR 0x1A0-0x1A1 Read/Write
See “Channel Table Pointer Registers (MALO_TXCTPxR, MALO_RXCTPOR)” on page 20-33.

Figuré 25-88. TX Channel Table Pointer x Register (MALO_TXCTPxR)

0:31

Channel Table Pointer

Pointer to the base address in memory of
the buffer descriptor table used by the
channel. The value entered should be a
pointer to a location in memory
accommodating an aligned double fullword
(this requires the three least significant bits
of this pointer must be 000).

There are two transmit channels (x = 0
and 1).

25-130

PPC405GP User's Manual

Preliminary




MALO_TXDEIR

MAL Transmit Descriptor Interrupt Register
DCR 0x187 Read/Clear
See “Descriptor Error Interrupt Registers (MALO_TXDEIR, MALO_RXDEIR)" on page 20-32.

[0 ]2 S P e T e 8|
Figure 25-89. TX Descriptor Error Interrupt Register (MALO_TXDEIR)
0:1 Transmit Descriptor Error Interrupt Each bit represents its related

channel (bit 0 for channel 0, etc.).

When one or more bits are set,
MAL_DESC_ERR_INT is set. Writing 1 to
a bit resets it.

There are only two TX channels in the
PPC405GP.

2:31 | ‘| Reserved

Preliminary Register Summary 25-131



MALO_TXEOBISR

MAL Transmit End-of-Buffer Interrupt Status Register

DCR 0x186 Read/Clear
See “End of Buffer Interrupt Status Registers” on page 20-28.

[0 1[2

Figure 25-90. TX End of Buffer Interrupt Status Register (MALO_TXEOBISR)

0:1 Transmit Channel End-of-Buffer Interrupt Each bit represents its related
channel (bit 0 for channel 0, etc.).

Writing 1 to a bit resets it.
There are only two TX channels in the
PPC405GP.

2:31 | | Reserved
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See “Machine State Register (MSR)” on page 10-28.

CE PR

MSR

Machine State Register

ME DWE DR

12| 13|14|15|16|17Wﬁ9|20]21 |22[23

25‘26‘27’28 31

T

WE EE

T

DE |

Figure 25-91. Machine State Register (MSR)

0:12 Reserved

13 WE Wait State Enable
0 The processor is not in the wait state.

1 The processor is in the wait state.

If MSR[WE] = 1, the processor remains in
the wait state until an interrupt is taken, a
reset occurs, or an external debug tool
clears WE.

14 CE Critical Interrupt Enable
0 Critical interrupts are disabled.

1 Critical interrupts are enabled.

Controls the critical interrupt input and
watchdog timer first time-out interrupts.

15 e Reserved

16 EE External Interrupt Enable
0 Asynchronous interrupts (external to the
processor core) are disabled.

1 Asynchronous interrupts are enabled.

Controls the non-critical external interrupt
input, PIT, and FIT interrupts.

Problem State

0 Supervisor state (all instructions
allowed).

1 Problem state (some instructions not
allowed).

18 | Reserved

19 ME Machine Check Enable
0 Machine check interrupts are disabled.
1 Machine check interrupts are enabled.

20 | Reserved

21 DWE | Debug Wait Enable
0 Debug wait mode is disabled.
1 Debug wait mode is enabled.

22 DE Debug Interrupts Enable
0 Debug interrupts are disabled.

1 Debug interrupts are enabled.

23:25 Reserved

26 Instruction Relocate

0 Instruction address translation is
disabled.

1 Instruction address translation is

enabled. !

Preliminary
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MSR (cont.)

Machine State Register

27 DR Data Relocate
0 Data address translation is disabled.
1 Data address translation is enabled.
28:31 Reserved
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OCMO_DSARC

' OCM Data-Side Address Range Compare Register
DCR 0x01A
See “OCM Data-Side Address Range Compare Register (OCM0_DSARC)” on page 5-6.

DSAR

[0 BI6 0 L e e e g

Figure 25-92. OCM Data-Side Address Range Compare Register (OCM0_DSARC)
0:5 DSAR | Data-side OCM address range
6:31 . 1 Reserved
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OCMO_DSCNTL

OCM Data-Side Address Control Register

DCR 0x01B
See “OCM Data-Side Control Register (OCM0_DSCNTL)” on page 5-7. .

DOF
Figure 25-93. OCM Data-Side Control Register (OCM0O_DSCNTL)
0 DSEN Data-Side OCM Enable
0 Data-side OCM accesses are disabled.
1 Data-side OCM accesses are enabled.
1 DOF This field should remain set to 1.
2:31 Reserved
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OCMO_ISARC

OCM Instruction-Side Address Range Compare Register

DCR 0x018
See “OCM Instruction-Side Address Range Compare Register (OCMO_ISARC)” on page 5-5.

ISAR

Figure 25-94. OCM Instruction-Side Address Range Compare Register (OCMO0_ISARC)
0:5 ISAR | Instruction-side OCM address range
6:31 b

| Reserved
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OCMO_ISCNTL

OCM Instruction-Side Control Register
DCR 0x019
See “OCM Instruction-Side Control Register (OCMO_ISCNTL)” on page 5-6.

Figure 25-95. OCM Instruction-Side Control Register (OCMO_ISCNTL) '

0 ISEN Instruction-Side OCM Enable

0 Instruction-side OCM accesses are
disabled.

1 Instruction-side OCM accesses are
enabled.

1 ISTCM | Instruction-Side Two Cycle Mode OCMO_ISCNTL[ISTCM], which has a reset
0 Instruction-side OCM accesses are value of 1, should be set to

returned in one cycle. OCMO_ISCNTL[ISTCM] = 0 during chip
1 Instruction-side OCM accesses are initialization.

returned in two cycles.

2:31

Reserved
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MMIO 0xEF600600
See “OPB Arbiter Control Register (OPBAO_CR)” on page 2-12.

DTE PTN

OPBAO_CR

OPB Arbiter Control Register

[o]1]2]3 4[5

- 31

PEN

PID

Figure 25-96. OPB Arbiter Control Register (OPBAO_CR)

DPE

Dynamic Priority Enable
0 Dynamic priority disabled
1 Dynamic priority enabled

PEN

Park Enable
0 Park disabled
1 Park enabled

PMN

Park on Master Not Last
0 Park on master last
1 Park on master not last

3.4

PID

Parked Master 1D
00 MasterID O
01 Reserved

10 Master ID 2
11 Reserved

Master 0 is DMA; master 2 is the OPB to
PLB bridge.

5:31

| Reserved
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OPBAO_PR

OPB Arbiter Priority Register
MMIO 0xEF600601

See “OPB Arbiter Priority Register (OPBAO_PR)” on page 2-13.

MIDO

1
o 1]2 3|4 5|6

MID2

Figure 25-97. OPB Arbiter Priority Register (OPBAO_PR)

0:1 MIDO | High Priority Master ID
00 MasterID 0

01 Reserved

10 Reserved

11 Reserved

At reset, this priority is assigned to DMA.

2:3 Reserved

4:5 MID2 | Low Priority master ID
00 Reserved

01 Reserved

10 Master ID 2

11 Reserved

At reset, this priority is assigned to the OPB
to PLB bridge.

6:31 | Reserved
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PCICO_BARO

PCl Base Address Register 0
Accessed using PCICO_CFGADDR, PCICO_CFGDATA;, offset 0x10 Read-Only
See “Unused PCI Base Address Register Space” on page 17-37.

7 0]

Figure 25-98. PCI Base Address Register (PCICO_BARO)
l 7:0 [ l PCl Base Address Unimplemented; always returns 0.
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PCICO_BIST

PCI Built In Self Test Control
Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset deF Read-Only
See “PCI Built-In Self Test (BIST) Control Register (PCICO_BIST)” on page 17-37.

7 0]

Figure 25-99. PCI Built-in Self Test Control Register (PCIC0_BIST)

| 7:0 | J PCI BIST Control
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PCIC0_BRDGOPT1

PCI Bridge Options 1

Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x4B-0x4A
See “Bridge Options 1 Register (PCICO_BRDGOPT1)” on page 17-44.

PLMTCR

PRP PAPM APLRM

(s

v v
8[7]6 5]4]3]2]1]0]
(T P

PLESE PGMAE PTMRCI

Figure 25-100. Bridge Options 1 Register (PCICO_BRDGOPT1)

15:8 PMLTCR | PLB Master Latency Timer Count Register PMLTCR contains the value used by the
PLB master to load its latency timer. The
granularity of this timer is 16 PLB cycles;
therefore, the low-order bits of this
register are read-only and are hardwired
to 1.

7 PLESE PLB Lock Error Status Enable PLESE controls the handling of slave

0 Slave error locking is disabled. error locking.
1 Slave error locking is enabled.
6:5 PRP PLB Request Priority PRP controls the request priority for PLB
11 Highest accesses.
10 Next highest
01 Next highest
00 Lowest
4 PGMAE | PLB Guarded Memory Access Enable PGMAE controls whether PLB accesses
0 Bridge PLB master memory accesses are guarded or unguarded.
are unguarded.
1 Bridge PLB master memory accesses
are guarded.
3 PAPM PCI Arbiter Park Mode PAPB defines how the internal PCI arbiter
0 The arbiter parks on requester O (the handles bus parking.
bridge PC! master).
1 The arbiter parks on the last master
granted the bus.
2:1 PTMRCI | PCI Target Memory Read Command PTMRCI enables the PCI bridge to be
Interpretation forced to treat a PCl memory read as a
00 Memory Read memory read multiple, or as a memory
01 Memory Read Line read line, with respect to the burst size
10 Memory Read Multiples implied by the read commands. This is for
11 Reserved masters that use memory read for multiple
beat bursts.
0 APLRM | Atomic PLB Line Read Mode APLRM controls the behavior of the
0 bridge PLB slave with respect to PLB line
1 PLB slave asserts Addrack and begins reads. APLRM must not be se t to 1
its data tenure immediately after the PCI  unless all PCI target devices can
master receives the first read data word.  guarantee no disconnects for PLB line
reads.
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-PCICO_BRDGOPT2

PCI Bridge Options 2

Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x61-0x60
See “Bridge Options 2 Register (PCICO_BRDGOPT2)” on page 17-52.

DPR

(35 74[Ta[12[11

PTDT

EWPCI  PSTLTD

HCE

Figure 25-101. Bridge Options 2 Register (PCICO_BRDGOPT2)

15:14 Reserved |
13 EWPCI External Write to PCl Command Interrupt ~ Software can also set or clear this bit.
0 No write to PCIC0_CMD has occurred.
1 External PCI master has written to
PCICO_CMD.
12 DPR Drive PCI Reset Software that asserts this bit must leave is
0 Normal operation asserted long enough to guarantee the
1 Causes PCIResét pin to be asserted. PCI pulse width requirements. DPR does
not reset PLB bus interface registers or
PCl bridge registers.
PCiReset is also asserted when the PCI
bridge is reset.
11:8 PSSTLD | Subsequent Target Latency Timer Duration  Only set on reads.
Specifies the number of PCI clocks that a In synchronous mode, PSSLTD equals the
PCI master burst can be held in a wait maximum number of PCI clocks to
state before a target disconnect is initiated. ~ disconnect. In asynchronous mode,
PSSLTD plus 3 equals the maximum
number of PCI clocks to disconnect. The
asynchronous value must be 2 or less.
7:3 Reserved
PCI Discard Timer Disable When enabled, the PCI bridge never
0 Disabled discards delayed read data.
1 Enabled
1 Reserved
0 HCE Host Configuration Enable HCE controls host PCI access to the PCI
0 Disabled bridge configuration registers. All host
1 Enabled attempts to access the PCi bridge PCI
configuration registers are retried. This
give the local CPU (PLB master) time to
initialize them before the host sees them.
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PCICO_CACHELS

PCI Cache Line Size
Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x0C Read-Only
See “PCI Cache Line Size Register (PCICO_CACHELS)” on page 17-35.

[7 . 0]

Figure 25-102. PCI Cache Line Size Register (PCICO_CACHELS)

lﬂ l J PCI Cache Line Size
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PCICO_CAP

PCI Capabilities Pointer
Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x34 Read-Only

See “PCl Capabilities Pointer (PCICO_CAP)” on page 17-40.

K g

Figure 25-103. PCI Capabilities Pointer (PCICO_CAP)

| 7:0 | | PCI Capabilities Pointer
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PCICO_CAPID

PCI Capability [dentifier
Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x58 Read-Only
See “Capability Identifier (PCICO_CAPID)” on page 17-49.

L7 0}

Figure 25-104. Capability Identifier (PCICO_CAPID)
| 7:0 ’ , PCI Capability Identifier
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PCICO_CFGADDR

PCI Configuration Address Register

0xEEC00000
See “PCI Configuration Address Register (PCICO_CFGADDRY)” on page 17-29.
EN DN RN 0
[B1[80 24]23 16]15 1[0 8]7 2[1]0]
BN FN 0

Figure 25-105. PCI Configuration Address Register (PCICO_CFGADDR)

31 EN Enable

0 Disabled

1 Enabled
30:24 | " | Reserved
23:16 | BN Bus Number
15:11 | DN Device Number
10:8 FN Function Number
7:2 BN Register Number
1
0 0
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PCICO_CFGDATA

PCI Configuration Data Register

OxEEC00004
See “PCl Configuration Data Register (PCICO_CFGDATA)” on page 17-30.

(31 ' 0

Figure 25-106. PCI Configuration Data Register (PCICO_CFGDATA)
B:o l ‘ Configuration Data
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PCICO_CLS

PCI Class Register
Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x09 Read-Only (PCI), R/W (PLB)

See “PClI Class Register (PCIC0O_CLS)” on page 17-35.
BASE INT

[23 1615 8] 7 0]

suB

Figure 25-107. PCI Class Register (PCICO_PCICLS)

23:16 | BASE | Base Class Reset to 0x06, which indicates bridge
device.

Users of the RISCWatch debugger must
use the PCICO_BASECC register to
access this field.

15:8 SUB | Subclass Reset to 00, which indicates host bridge.
Users of the RISCWatch debugger must
use the PCICO_SUBCLS register to
access this field.

7:0 INT Interface Class Reset to 00.
Users of the RISCWatch debugger must

use the PCICO_INTCLS register to access
this field.
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PCICO_CMD

PCI Command Register

Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x05-0x04
See “PCl Command Register (PCICO_CMD)” on page 17-31.

FBB AS

SC MA

[5 T0[ 98] 7[6]5[4]3]2[1]0]

G T T

PER MWI ME IOA

Figure 25-108. PCI Command Register (PCIC0_CMD)

15:10

Reserved

FBB

Fast Back-to-Back Write Enable

Enables PCI masters to perform fast back-
to-back transactions. Because he PCI
bridge does not perform fast back-to-back
transactions; FBB is read-only and returns
0 when read.

SE

PCISErr Enable
0 Disabled
1 Enabled

Enables driving PCISErr when a PCI bus
parity error is detected when the PCI
bridge is the PCl target. PCICO_CMD[PER]
must be enabled for address parity errors.
PCICO_CMD[PER] and
PCICO_ERREN[WDPE] must be enabled
for write data parity errors.

AS

Address stepping wait states.

The PCI bridge does not address step
(except for address stepping when
generating a Config Type 0 cycle); AS is
read-only and returns O when read.

PER

Parity error response
0 Disabled
1 Enabled

This bit is enabled for all types of PCl bus

parity errors, including the following:

¢ PCI data bus parity errors while PCl is
master.

¢ PCI data bus parity errors while PCl is
target.

¢ PCl address bus parity errors.

When parity error response is disabled,

detection of these errors is masked and

PCIPErr (PERR#) is not asserted, although

parity is still generated.

PS

Palette Snooping

Enable special palette snooping.
The PClI bridge is not a VGA device; PS is
read-only and returns O when read

MWI

Memory Write and Invalidate Enable

The PCI bridge does not generate this
command; MWI is read-only and returns 0
when read.

SC

Special Cycle Operations Enable

The PCI bridge never monitors special
cycles; SC is read-only and returns O when
read.
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PCICO_CMD (cont.)

PCl Command Register

2 ME Master Enable Enables PCI bridge-to-master cycles on
0 Disabled the PCI bus. When ME is 0, the PCI bridge
1 Enabled only responds as a PLB slave to
PCICO_CFGADDR, PCICO_CFGDATA,
and PCl bridge local configuration register
access. Except for configuration cycles, the
PCl bridge cannot master cycles to the PCI
bus. If the pin strapping setting reflected in
CPCO_PSR[RL] = 1, ME resets to 1.
1 MA Memory Access Controls PCI bridge response as a PClI
0 Disabled memory target. MA is disabled at reset.
1 Enabled
0 10A I/O Access Controls the PCI bridge response as a PCI
1/0 target. The PCI bridge does not
respond to I/O space accesses; I0A is
read-only and returns 0 when read.
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PCICO_DATA

PCl Data
Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset OxSF Read-Only
See “PCI Data Register (PCIC0_DATA)" on page 17-52.

7 g

Figure 25-109. PCI Data (PCICO_DATA)

l 7:0 | ’ PCI Data
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PCICO_DEVID

PCI Device ID
Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x03-0x02 Read-Only (PCl), R/W (PLB)

See “PCI Device ID Register (PCICO_DEVID)" on page 17-31.

[i5 0]

Figure 25-110. PCI Device ID Register (PCICO_DEVID)

| 15:0 | | PCI Device ID
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PCICO_ERREN

PCI Error Enable

Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x48
See “Error Enable Register (PCICO_ERREN)” on page 17-42.

TAEE

MEDE WDPE

[7]6]5 4[3]2]1]0]

‘MERE MEAE MAEE

Figure 25-111. Error Enable Register (PCICO_ERREN)

.| Reserved
TAEE Target Abort Error Enable While the PCI bridge is the PCI master,
0 Disabled this bit enables the detection of a target
1 Enabled abort as an error condition. If TAEE is
enabled, the PCI bridge reports PLB bus
errors.
5:4 MERE PLB Bus Error Response Enable MERE controls the response taken by the
00 No action is taken. PCI bridge on the PCI bus (as the PCI
01 The PCl target should drive PCISErron  target) when PLB bus errors are asserted
the PCI bus. to the PCI bridge PLB master.
10 Target should target abort the offending  Note: Only reads can be target aborted.
read. Note: Modes 10 and 11 cannot be used in
11 Indicates the PCI target should drive asynchronous mode.
PCISErr and target abort.
3 MEDE PLB Master Error Detection Enable MEDE enables the detection of PLB bus
| 0 Disables detection of PLB master errors.  errors when the PCl bridge is a PLB
1 Enables detection of PLB master errors.  master.
2 MEAE PLB Bus Error Assertion Enable MEAE enables the reporting of a PLB bus
0 Disabled error when the PCl bridge is a PLB slave.
1 Enabled
1 WDPE | Write Data Parity PCISErr Enable The PCI bridge drives PCISErr when a
0 Disabled data parity error is detected on a write
1 Enabled. cycle when the PCI bridge is the PCI
target. PCICO_CMDI{SE] must also be 1.
0 MAEE Master Abort Error Enable MAEE enables the detection of a master
0 Disabled abort as an error condition when the PCI
1 Enabled bridge is the master. The PCI bridge drives
SI_ME; r on the PLB bus in response to a
master abort. If this bit is disabled, driving
of SI_Merr in response to master abort is
masked. ’
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PCICO_ERRSTS

PCI Error Status

Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x49

See “Error Status Register (PCICO_ERRSTS)" on page 17-43.
MED WDPE

v ¥
[4]3]2[1]0]
i) T

SARME MEAE PUR

Figure 25-112. Error Status Register (PCICO_ERRSTS)

Reserved

SARME

PCISErr Asserted on Received PLB Bus
Error

Set when PClI bridge asserts PCISErr on
the PCI bus in response to PCI bridge
receiving a PLB bus error while PLB
master.

MED

PLB Bus Error Detected
1 Error detected

Set when a PLB bus error signal is
asserted when PCI bridge is the PLB
master. MED is set regardless of whether
the PCI bridge is enabled to treat this as an
error condition (the setting of MED is not
maskable).

MEAE

PLB Bus Error Assertion Event
1 An PCI bridge error, which can cause a
PLB bus error, occurred.

Set when an error occurs that would cause
PCI bridge (as PLB slave) to assert a PLB
bus error signal. MEAE is set regardless of
whether the the PLB bus error assertion is
enabled (the setting of MEAE is not
maskable).

WDPE

PClSerr on Write Data Parity Error

Set when the PCI bridge drives PCISErr in
response to a data parity error detected on
a PCl write to PLB memory. PCIPErr is
also driven.

PUR

PLB Unsupported Request

Set when the PClI bridge is a PLB slave
and detects an unsupported request from
a PLB master to an address range that PCI
bridge decodes. The PCI bridge allows
such requests to time out.
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PCICO_HDTYPE

PCl Header Type
Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0xOE Read-Only
See “PCl Header Type Register (PCICO_HDTYPE)” on page 17-36.

L7 0]

Figure 25-113. PCI Header Type Register (PCICO_HDTYPE)
r 7:0 ‘ | PCI Header Type
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PCICO_ICS

PClI Interrupt Control/Status
Accessed using PCICO_CFGADDR, PCIC0_CFGDATA; offset 0x44
See “PCI Interrupt Control/Status Register (PCICO_ICS)” on page 17-42.

Figure 25-114. PCI Interrupt Control/Status Register

Reserved These bits return 0 when read.

Asset PCl interrupt When software sets this bit, the PCI bridge
asserts its Interrupt pin.
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PCICO_INTLN

PCl Interrupt Line
Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x3C
See “PClI Interrupt Line Register (PCICO_INTLN)” on page 17-40.

L7 0]

Figure 25-115. PCl Interrupt Line Register (PCICO_INTLN)
‘ 7:0 ‘ ' PCI Interrupt Line
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PCICO_INTPN

PCI Interrupt Pin
Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x3D Read-Only

See “PCl Interrupt Pin Register (PCICO_INTPN)” on page 17-41.

L7 0]

Figure 25-116. PCl Interrupt Pin Register (PCICO_INTPN)

‘ 7:0 | | PClI Interrupt Pin
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PCICO_LATTIM

PCl Latency Timer

Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x0D
See “PCI Latency Timer Register (PCICO_LATTIM)” on page 17-36.

L7 0]

Figure 25-117. PCl Latency Timer Register (PCICO_LATTIM)
‘ 7:0 l , PCI Latency Timer
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PCICO_MAXLTNCY

PCI Maximum Latency
Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offsét 0x3F Read-Only
See “PCl Maximum Latency Register (PCICO_MAXLTNCY)” on page 17-41.

L7 0]

Figure 25-118. PCI Maximum Latency Register (PCICO_MAXLTNCY)

~ 7:0 ‘ i PCl Maximum Latency
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PCICO_MINGNT

PCI Minimum Grant
Accessed using PCIC0_CFGADDR, PCICO_CFGDATA; offset 0x3E Read-Only
See “PCI Minimum Grant Register (PCICO_MINGNT)” on page 17-41.

L7 0]

Figure 25-119. PCI Minimum Grant Register (PCICO_MINGNT)
| 7:0 l I PCI Minimum Grant J
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PCICO_NEXTIPTR

PCI Next Item Pointer
Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x59 Read-Only
See “Next Item Pointer (PCICO_NEXTIPTR)” on page 17-49.

L7 0]

Figure 25-120. Next ltem Pointer (PCICO_NEXTIPTR)

‘ 7:0 ‘ ) PCI Next Item Pointer
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PCICO_PLBBEAR

PLB Slave Error Address Register
Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x57-0x54
See “PLB Slave Error Address Register (PCICO_PLBBEAR)” on page 17-48.

[31 0]

Figure 25-121. PLB Slave Error Address Register (PCICO_PLBBEAR)
W 0 ’ l PLB Slave Error Address
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PCIC0_PLBBESRO

PLB Slave Error Syndrome Register 0

Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x4F-0x4C
See “PLB Slave Error Syndrome Register 0 (PCICO_PLBBESROQ)” on page 17-45.

MOET MOFL MIET M1FL  M2ET  M2FL MSBET  MSFL
[31  29[28[27[26]25  23[22[21]20[19  17[16[15[14[13 11]10] 9[8[ 7
MORWSMOAL ~ M1RWSM1TAL ~ M2RWS M2AL  M3RWS MB3AL

Figure 25-122. PLB Slave Error Syndrome Register 0 (PCICO_PLBBESRO0)

31:29

MOET

Master 0 Error Type

000 No Error

001 Parity Error

010 Reserved

011 Reserved

100 Reserved

101 Non-configured Bank Error
110 Reserved

111 Reserved

28

MORWS

Master 0 Read/Write Status
0 Error operation was a write
1 Error operation was a read

27

MOFL

Master 0 PCICO_PLBBESRO Field Lock
0 PCICO_PLBB ESRO unlocked
1 PCICO_PLBB ESRO locked

26

MOAL

Master 0 PCICO_PLBBEAR Address Lock
0 PCICO_PLBBEAR unlocked by Master 0
1 PCICO_PLBBEAR locked by Master 0

25:23

M1ET

Master 1 Error Type

See PCICO_PLBBESRO[MOET]

22

M1RWS

Master 1 Read/Write Status
0 Error operation was a write
1 Error operation was a read

21

M1FL

Master 1 PCICO_PLBBESRO Field Lock
0 PCICO_PLBB ESRO unlocked
1 PCICO_PLBB ESRO locked

20

M1AL

Master 1 PCICO_PLBBEAR Address Lock
0 PCICO_PLBBEAR unlocked by Master 1
1 PCICO_PLBBEAR locked by Master 1

19:17

M2ET

Master 2 Error Type

See PCICO_PLBBESRO[MOET]

16

M2RWS

Master 2 Read/Write Status
0 Error operation was a write
1 Error operation was a read

15

M2FL

Master 2 PCICO_PLBBESRO Field Lock
0 PCICO_PLBB ESRO unlocked
1 PCICO_PLBB ESRO locked
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PCICO_PLBBESRO (cont.)

PLB Slave Error Syndrome Register 0

14

M2AL

Master 2 PCICO_PLBBEAR Address Lock
0 PCICO_PLBBEAR unlocked by Master 2
1 PCICO_PLBBEAR locked by Master 2

13:11

M3ET

Master 3 Error Type

See PCICO_PLBBESRO[MOET]

10

M3RWS

Master 3 Read/Write Status
0 Error operation was a write
1 Error operation was a read

M3FL

Master 3 PCICO_PLBBESRO Field Lock
0 PCICO_PLBBESRO unlocked
1 PCICO_PLBBESRO locked

M3AL

Master 3 PCICO_PLBBEAR Address Lock
0 PCICO_PLBBEAR Unlocked by Master 2
1 PCICO_PLBBEAR Locked by Master 2

7:0

| Reserved
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PCIC0_PLBBESR1

PLB Slave Error Syndrome Register 1

Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x53-0x50
See “PLB Slave Error Syndrome Register 1 (PCICO_PLBBESR1)” on page 17-47.

M4ET

M4FL

MSET  M5FL M6ET  M6FL

M7ET

M7FL

[31

29[28[27[26[25

23[22[21]20[19

T7[16[15[14[13

0] 9[8[

M4RWS M4AL

M5RWS M5AL

M6RWS MEAL

M7RWS M7AL

Figure 25-123. PLB Slave Error Syndrome 1 (PCICO_PLBBESR1)

31:29

M4ET

Master 4 Error Type

000 No Error

001 Parity Error

010 Reserved

011 Reserved

100 Reserved

101 Non-configured Bank Error
110 Reserved

111 Reserved

28

M4RWS

Master 4 Read/Write Status
0 Write error operation
1 Read error operation

27

M4FL

Master 4 PCICO_PLBBESR1 Field Lock
0 PCICO_PLBBESR1 unlocked
1 PCICO_PLBBESRH1 locked

26

M4AL

Master 4 PCICO_PLBBEAR Address Lock
0 PCICO_PLBBEAR unlocked by Master 4
1 PCICO_PLBBEAR locked by Master 4

25:23

MS5ET

Master 5 Error Type

See PCICO_PLBBESR1[M4ET]

22

M5SRWS

Master 5 Read/Write Status
0 Write error operation
1 Read error operation

21

M5FL

Master 5 PCICO_PLBBESR1 Field Lock
0 PCICO_PLBBESR1 Unlocked
1 PCICO_PLBBESR1 Locked

20

M5AL

Master 5 PCICO_PLBBEAR Address Lock
0 PCICO_PLBBEAR unlocked by Master 5
1 PCICO_PLBBEAR locked by Master 5

19:17

M6ET

Master 6 Error Type

See PCICO_PLBBESR1[M4ET]

16

MERWS

Master 6 Read/Write Status
0 Write error operation
1 Read error operation

15

M6FL

Master 6 PCICO_PLBBESR1 Field Lock
0 PCICO_PLBBESR1 unlocked
1 PCICO_PLBBESRT1 locked
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PCICO_PLBBESR1 (cont.)

PLB Slave Error Syndrome Register 1

14

M6AL

Master 6 PCICO_PLBBEAR Address Lock
0 PCICO_PLBBEAR unlocked by Master 6
1 PCICO_PLBBEAR locked by Master 6

13:11

M7ET

Master 7 Error Type

See PCICO_PLBBESR1[M4ET]

10

M7RWS

Master 7 Read/Write Status
0 Write error operation
1 Read error operation

M7FL

Master 7 PCICO_PLBB ESR1 Field Lock
0 PCICO_PLBBESR1 unlocked
1 PCICO_PLBBESR1 locked

M7AL

Master 7 PCICO_PLBBEAR Address Lock
0 PCICO_PLBBEAR unlocked by Master 7
1 PCICO_PLBBEAR locked by Master 7

7:0

Reserved

Preliminary
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PCIC0_PMC

PCI Power Management Capabilities

Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x5A (Read-Only)

See “Power Management Capabilities (PCICO_PMC)” on page 17-50.

PMES D1S

DSl

VERS

[15 TI[10[ 9] 8

6]5]4

4]3][2z__ 0]

D2s AUXCUR

PMECLK

Figure 25-124. Power Management Capabilities Register (PCICO_PMC)

0 after reset

15:11 | PMES PME Support The PCI bridge does not support PME#;
therefore, PMES is hardwired to 0b00000.
10 D2S D2 Support The PCI bridge does not support the D2
Determines if the D2 power management  power management state; therefore, D2S
state is supported. is hardwired to 0.

9 D1S D1 Support The PCI bridge supports the D1 power
Determines if the D1 power management  management state; therefore, D1S is
state is supported. hardwired to 1.

8:6 AUXCUR | Auxiliary Current Support The PCI bridge does not support
Aux_Current; therefore, AUXCUR is
hardwired to 0b00O.

5 DSl Device Specific Initialization This bit indicates whether special

initialization of this function is required
(beyond the standard PCI configuration
header) before the generic class device
driver is able to use it.

Reserved

Always read as 0.

PMECLK

This bit is hardwired to 0 indicating that
the function does not support PME#
generation in any state.

2.0

VERS

Returns 0b010 on reads, indicating that
PMC complies with Revision 1.1 of PC/
Power Management Interface
Specification.
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PCICO_PMCSR

PCI Power Management Control Status

Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x5D-0x5C
See “Power Management Control/Status Register (PCICO_PMCSR)” on page 17-50.

PMiEST DSlEL PSTAT
[15[14 13[12 9[8[ 7 2.1 0]
DSCAL PMEEN

Figure 25-125. Power Management Control/Status Register (PCICO_PMCSR)

15 PMEST The PCI bridge does not support PME#;
therefore, PMEST is hardwired to 0.

14:13 | DSCAL The PCI bridge does not support data
register; therefore, DSCAL is hardwired to
0b00.

12:9 DSEL The PCI bridge does not support a data
register; therefore, DSEL is hardwired to
0b0000.

8 PMEEN The PCI bridge does not support PME
generation; therefore, PMEEN is hardwired
to 0.

7:2 ] Reserved Returns 0 when read.

1:0 PSTAT | Determine the current power state of a If software attempts to write a value for an

function and sets the function into a new
power state.

00 DO

01 D1

10 D2

11 D3 Hot

unsupported power state to PSTAT, its value
does not change. Writing this fiield may
change PCI0_PMSCRR.

Preliminary
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PCICO_PMCSRBSE

PMCSR PCI to PCI Bridge Support Extensions
Accessed using PCICO_CFGADDR, PCIC0_CFGDATA; offset 0X5E Read-Only
See “PMCSR PClI-to-PCI Bridge Support Extensions (PCICO_PMCSRBSE)” on page 17-51.

L7 0]

Figure 25-126. PMCSR PCI to PCI Bridge Support Extensions (PCICO_PMCSRBSE)

‘ 7:0 | —[ PCl to PCI Bridge Support Extensions
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PCICO_PMSCRR

PCl Power Management State Change Request Register

Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x64

See “Power Management State Change Request Register (PCICO_PMSCRR)” on page 17-54.

SCR

DWE

[7 5]4]8]2]1]0]
7

APW REQST

Figure 25-127. Power Management State Change Request Register (PCICO_PMSCRR)

Reserved

Always read as 0.

APW

Accept PMCI0_PCMSR Writes
Always 1 if DWE is 0.

The local processor sets APW when the
local processor is ready to change the
power management state. APW is cleared
when the host configuration writes to the
PCICO_PMCSR register is accepted. The
local processor can write 0 to APW.

SCR

State Change Request

The PCI bridge sets SCR when a host
writes PCICO_PMCSR to request a power
management state change. This drives an
interrupt to the local processor informing it
of a state change request. The local
processor must simultaneously clear SCR
and set APW = 1 when the local processor
is ready to change the state. After SCR is
cleared, new requests are not detected
until the outstanding delayed write is
accepted. The local processor can set
SCR = 1. Note that any host side write to
any byte (0x5C—-0x5F) is considered a
power state change request.

2:1

REQST

Request State

Indicates the new power management
state requested by a delayed host write to
PCICO_PMCSR. This field is read-only
from the PLB side. ,

DWE

Delayed Write Enable
0 Immediate write
1 Delayed write

When DWE is set to 1, any configuration
write to the PCICO_PMCSR is completed
as a delayed write. All writes to
PCICO_PMCSR are retried until the local
processor sets the “Accept PCICO_PMCSR
Write bit” (bit 4). When 0, any configuration
write to the PCICO_PMCSR is completed
immediately. DWE is a don’t care if a host
write to PCICO_PMCSR requests a state
change from D3hot to DO.
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PCICO_PTM1BAR

PCI PTM 1 Base Address Range
Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x17-0x14

See “PCI PTM 1 BAR (PCICO_PTM1BAR)” on page 17-37.
BA PF LT

'

[31 12] 11 4]3]2 1]0]

BAZ MSI

Figure 25-128. PCI PTM 1 BAR Register (PCICO_PTM1BAR)

31:12 | BA Base Address Only corresponding bits in PCILO_PTM1MS
These bits determine where in PCl memory  that are set to 1 are writable. Bits in
address space this region is located. PCILO_PTM1MS that are setto O cause

the corresponding Base Address register
bits to be always 0. PCILO_PTM1MS must
be initialized by a PLB master before any
PCI device is allowed to configure this

register.

11:4 BAZ Base Address Always Zero BAZ = 0x00 because the minimum size of
this range is 4KB.

3 PF Prefetchable PR =1 to indicate that prefetching is
allowed.

2:1 LT Location Type LT = 0b00 to indicate that the memory

space can be located anywhere in the 32-
bit address space.

0 MSI Memory Space Indicator MSI = 0 to indicate memory space, rather
than I/O space.
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PCICO_PTM2BAR

PCI PTM 2 Base Address Range

Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x1B-0x18

See “PCI PTM 2 BAR (PCICO_PTM2BAR)” on page 17-38.

BA PF
[31 12[11 4]3]2 1]0]
BIZ LT MSI
Figure 25-129. PCI PTM 2 BAR Register (PCICO_PTM2BAR)
31:12 | BA Base Address Only corresponding bits in
These bits determine where in PCI PCILO_PTM2MS that are set to 1 are
Memory address space this region is writable. Bits in PCILO_PTM2MS that
located. : are set to O cause the corresponding
Base Address register bits to be always
0. PCILO_PTM2MS must be initialized
by a PLB master before any PCI device
can configure this register.

11:4 BAZ Base Address Always Zero BAZ = 0x00 because the minimum size
of this range is 4KB.

3 PF Prefetchable PF = 1 to indicate that prefetching is
allowed.

2:1 LT Location Type LT = 0b0O0 to indicate that the memory
space can be located anywhere in the
32-bit address space.

0 MSI Memory Space Indicator MSI = 0 to indicate memory space,

rather than /O space.
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PCICO_REVID

PCI Revision ID
Accessed using PCICO_CFGADDR, PCICO_CFGDATA; offset 0x08 Read-Only
See "PCI Revision ID Register (PCICO_REVID)” on page 17-34.

7 0]

Figure 25-130. PCI Revision ID Register (PCICO_REVID)

\ 7:0 ‘ ‘ Revision ID Revision level of device.
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PCIC0_SBSYSID

PCI Subsystem ID
Accessed using PCICO_CFGADDR, PCIC0O_CFGDATA; Offset 0x2D-0x2C
See “PCl Subsystem ID Register (PCICO_SBSYSID)” on page 17-39.

[15 0]

Figure 25-131. PCI Subsystem ID Register (PCIC0_SBSYSID)
[ 15:0 ‘ [ PCI Subsystem ID
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PCIC0_SBSYSVID

PCI Subsystem Vendor ID »
Accessed using PCICO_CFGADDR, PCICO_CFGDATA; Offset 0x2F-0x2E
See “PCI Subsystem Vendor ID Register (PCICO_SBSYSVID)” on page 17-39.

[i5 0]

Figure 25-132. PCl Subsystem Vendor ID Register (PCICO_SBSYSVID)

‘ 15:0 | \ PCI Subsystem Vendor ID
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Accessed using PCICO_CFGADDR, PCICO_CFGDATA,; offset 0x07—0x06

See "PCI Status Register (PCICO_STATUS)” on page 17-33.
DEPE RMA STA DST FBBC 66C

PCICO_STATUS

PCI Status Register

[15[74[13[12[11][10 9|8 7]6]5]4]3

0]

SSE RTA DPE UDFS CL

Figure 25-133. PCI Status Register (PCICO_STATUS)

15

DEPE

Detected Parity Error
Write 1 to clear.

The PCI bridge sets DEPE when the PCI
bridge detects a PCI bus parity error,

‘regardless of the setting of any enable bits

(DEPE is non-maskable).

The following events set DEPE:

¢ PCl address bus parity error detected
when PCI bridge is a target.

» PCI data bus parity error detected when
a PCI master writes to PLB memory
(PCI bridge is the target).

¢ PCI data bus parity error detected when
PCI bridge masters a PCl read cycle.

14

SSE

Signaled System Error
Wirite 1 to clear.

The PCI bridge sets SSE if the PCI bridge
asserts PCISErr (see “Error Handling” on
page 17-55 for causes of PCISErr
assertion).

13

RMA

Received Master Abort
Write 1 to clear.

The PCI bridge sets RTA when a PCl cycle
for which the PCI bridge is the master is
terminated with master abort.

12

RTA

Received Target Abort
Write 1 to clear.

The PClI bridge sets RTA when a PCl cycle
for which it is the master is terminated with
target abort.

1

STA

Signaled Target Abort
Write 1 to clear.

The PCI bridge sets STA when a PCl cycle
for which it is the target is terminated with
target abort.

10:9

DST

PClDevSel Response Timing
Read-only.

The PCI bridge asserts PCIDevSel on the
second clock after PCIFframe is asserted
(called medium response time).
Read-only; always returns 0b01 when
read.

DPE

Data Parity Error Detected
Wirite 1 to clear.

DPE is set when the following conditions
are met:

» The PCI bridge detects a data parity
error (PCIPErr is asserted) when the PCl
bridge is the master on a PCl read cycle,
or is the master when it samples
PCIPErr asserted on a PCI write cycle.
PCICO_CMDIPER} = 1.
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PCICO_STATUS (cont.)

PCI Status Register

7 FBBC Fast Back-to-Back Capable Indicates that the PCI target can accept
Read-only; returns 0 when read. fast back-to-back transactions when the
transactions are not to the same agent.
The PCI bridge target does not accept this
type of fast back-to-back transaction.
6 UDFS UDF Supported Indicates device support of user-definable
Read-only; returns 0 when read. features. The PCI bridge does not support
user-definable features.
5 66C 66 MHz Capable Indicates that the device can run at 66
0 At reset MHz. The PCI bridge can be configured to
1 PCI bridge is configured for 66MHz run at 33 MHz max or 66 MHz. The local
operation. CPU (PLB master) sets 66C to 1 if PCI
bridge is configured for 66 MHz operation.
4 CL Capabilities List Indicates that the value at offset 0x34 is a
This bit is read only and returns 1 when pointer in configuration space to a linked
read. list of new capabilities.
3.0 Reserved These bits return 0s when read.
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PCICO_VENDID

PCI Vendor ID

Accessed using PCICO_CFGADDR, PCICO_CFGDATA; Offset 0x01-0x00 Read-Only (PCI), R/W (PLB)
See “PCl Vendor ID Register (PCICO_VENDID)” on page 17-31.

[15 0]

Figure 25-134. PCI Vendor ID Register (PCICO_VENDID)

I 15:0 I TVendor ID
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PCILO_PMMOLA
PMM 0 Local Address
MMIO 0xEF400000

See “PMM 0 Local Address Register (PCILO_PMMOLA)” on page 17-21.
WLA

v

[31 1211

Figure 25-135. PMM 0 Local Address Register (PCILO_PMMOLA)

31:12 | WLA | Writable PLB Local Address

11:0 PLB Local Address Always 0
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PCILO_ PMMOMA

PMM 0 Mask/Attribute
MMIO 0xEF400004
See “PMM 0 Mask/Attribute Register (PCILO_PMMOMA)” on page 17-22.
MASK ETA
[31 12[13 , 2]17]0]
PRE
Figure 25-136. PMM 0 Mask/Attribute Register (PCILO_PMMOMA)
31:12 | MASK | The mask bits determine the size of the The mask must be of the form 111....0000.
address map range. Bits set to 1 cause the corresponding
PCILO_PMMOLA bits to be compared with
incoming PLB addresses. Note that the
minimum range size is 4KB, and valid
ranges are powers of 2. For example, a
128MB range would be encoded as
0xF8000 and a 4KB range would be
encoded as all ones.
11:2 | Reserved Returns 0 when read.
1 PRE Read Prefetching Enable If read prefetch is enabled, the PCI bridge
1 Read prefetching is enabled. prefetches 64 bytes from PCI memory in
response to a PLB single-beat, byte-burst,
or half word burst read from PMM 0.
0 ENA PLB to PCI Memory Mapping Enable Note that PCILO_PMMOLA,
1 Memory mapping is enabled. PCILO_PMMOPCIHA, and

PCILO_PMMOPCILA must be initialized
before enabling.
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PCILO_PMMOPCIHA

PMM 0 PCI High Address
MMIO 0xEF40000C
See “PMM 0 PCI High Address Register (PCILO_PMMOPCIHA)” on page 17-23.

Ei

Figure 25-137. PMM 1 PCI High Address Register (PCILO_PMM1PCIHA)

‘ 31:0 ] , PCI High Address

Il
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PCILO_PMMOPCILA

PMM 0 PCI Low Address

MMIO 0xEF400008
See “PMM 0 PCI Low Address Register (PCILO_PMMOPCILA)” on page 17-22.
WLA
[31 12[11 0]
-Figure 25-138. PMM 0 PCI Low Address Register (PCILO_PMMOQPCILA)
31:12 | WLA | Writable PCI Low Address
11:0 PCI Low Address Always 0
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PCILO_PMM1LA

PMM 1 Local Address

MMIO OxEF400010
See “PMM 1 Local Address Register (PCILO_PMM1LA)" on page 17-23.

[31

0]

Figure 25-139. PMM 1 Local Address Register (PCILO_PMM1LA)

| 31:0 | | PLB Local Address
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PCILO_PMM1MA

PMM 1 Mask/Attribute

MMLIO OxEF400014
See “PMM 1 Mask/Attribute Register (PCILO_PMM1MA)” on page 17-24.
MASK ENA
v
[31 : 12]11 oo 271]0]
PRE

Figure 25-140. PMM 1 Mask/Attribute Register (PCILO_PMM1MA)

31:12 | MASK | The mask bits determine the size of the The mask must be of the form 111....0000.

address map range. Bits set to 1 cause the corresponding
PCILO_PMM1LA bits to be compared with
incoming PLB addresses. Note that the
minimum range size is 4KB, and valid
ranges are powers of 2. For example, a
128MB range would be encoded as
0xF8000 and a 4KB range would be

encoded as 0x11111.
112 | | Reserved . Returns 0 when read.
1 PRE Read Prefetching Enable If read prefetch is enabled, the PCI bridge
1 Read prefetching is enabled. prefetches 64 bytes from PCl memory in
response to a PLB single-beat, byte-burst,
or half word burst read from PMM 0.
0 ENA PLB to PCI Memory Mapping Enable Note that PCILO_PMM1LA,

1 Memory mapping is enabled. PCILO_PMM1PCIHA, and
PCILO_PMM1PCILA must be initialized
before enabling.
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PCILO_PMM1PCIHA

PMM 1 PCI High Address

MMIO 0xEF40001C
See “PMM 1 PCI High Address Register (PCILO_PMM1PCIHA)” on page 17-25.

[3

0]

Figure 25-141. PMM 1 PCI High Address Register (PCILO_PMM1PCIHA)

NEEN ’ | PCI Hiigh Address
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PCILO_PMM1PCILA

PMM 1 PCI Low Address

MMIO OxEF400018
See “PMM 1 PCI Low Address Register (PCILO_PMM1PCILA)” on page 17-24.

(31 0]

Figure 25-142. PMM 1 PCI Low Address Register (PCILO_PMM1PCILA)
’ 31:0 t | PCI Low Address
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PCILO_PMM2LA

PMM 2 Local Address

MMIO O0xEF400020
See “PMM 2 Local Address Register (PCILO_PMM2LA)” on page 17-25.

[31

0]

Figure 25-143. PMM 2 Local Address Register (PCILO_PMM2LA)

| 31:0 | | PLB Local Address
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PCILO_PMM2MA

PMM 2 Mask/Attribute
MMIO OxEF400024
See “PMM 2 Mask/Attribute Register (PCILO_PMM2MAY)” on page 17-25.
MASK ETA
[31 2 T 2[1 0]
e

Figure 25-144. PMM 2 Mask/Attribute Register (PCILO_PMM2MA)

31:12 [ MASK | The mask bits determine the size of the The mask must be of the form 111....0000.

address map range. Bits set to 1 cause the corresponding
PCILO_PMM2LA bits to be compared with
incoming PLB addresses. Note that the
minimum range size is 4KB, and valid
ranges are powers of 2. For example, a
128MB range would be encoded as
0xF8000 and a 4KB range would be
encoded as 0x11111.

1:2 | | Reserved Returns 0 when read.
1 PRE Read Prefetching Enable If read prefetch is enabled, the PCI bridge
1 Read prefetching is enabled. prefetches 64 bytes from PCl memory in

response to a PLB single-beat, byte-burst,
or half word burst read from PMM 0.

0 ENA PLB to PCI Memory Mapping Enable Note that PCILO_PMM2LA,

1 Memory mapping is enabled. PCILO_PMM2PCIHA, and
PCILO_PMM2PCILA must be initialized
before enabling.
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PCILO_PMM2PCIHA

PMM 2 PCI High Address

MMIO 0xEF40002C
See “PMM 2 PCI High Address Register (PCILO_PMM2PCIHA)" on page 17-27.

[31

0J

Figure 25-145. PMM 2 PCI High Address Register (PCILO_PMM2PCIHA)

| 31:0 1 ) PCI High Address
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PCILO_PMM2PCILA

PMM 2 PCI Low Address
MMIO 0xEF400028
See “PMM 2 PCI Low Address Register (PCILO_PMM2PCILA)" on page 17-26.

[31 0]

Figure 25-146. PMM 2 Low Address Register (PCILO_PMM2PCILA)
|30 | | PCI Low Address
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PCILO_PTM1LA

PTM 1 Local Address

MMIO 0xEF400034

See “PTM 1 Local Address Register (PCILO_PTM1LA)" on page 17-27.
WLA

[3 12/11

Figure 25-147. PTM 2 Local Address Register (PCILO_PTM1LA)

31:12 | WLA | Writable PTM 1 Local Address Writable

11:0 PTM 1 Local Address Always 0

25-194 PPC405GP User's Manual Preliminary



PCILO_PTM1MS

PTM 1 Memory Size
MMIO 0xEF400030

See “PTM 1 Memory Size/Attribute Register (PCILO_PTM1MS)” on page 17-27.
SIZE

y

[31 2 0]

ENA

Figure 25-148. PTM 1 Memory Size/Attribute Register (PCILO_PTM1MS)

31:12 | MASK Defines the size of the region of PCI The minimum range size is 4KB. Valid
memory space that is mapped to local ranges are always a power of 2.
(PLB) space using PTM 1. For example, a value of 0xFF000000
indicates that the region contains 16MB.
111 | | Reserved Returns 0 when read.
0 EMM Determines if range 1 is enabled to map

PCI memory space to PLB space.
Always 1 (enabled).
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PCILO_PTM2LA

PTM 2 Local Address

MMIO 0xEF40003C
See “PTM 2 Local Address Register (PCILO_PTM2LA)” on page 17-28.

E

0]

Figure 25-149. PTM 2 Local Address Register (PCILO_PTM2LA)

' 31:0 ( ’ PTM 2 Local Address
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MMIO 0xEF400038
See “PTM 2 Memory Size/Attribute Register (PCILO_PTM2MS)” on page 17-28.

PCILO_PTM2MS

PTM 2 Memory Size

SIZE
[31 1211 1]0]
ENA
Figure 25-150. PTM 2 Memory Size/Attribute Register (PCILO_PTM2MS)
31:12 | MASK Defines the size of the region of PCI The minimum range size is 4KB. Valid
memory space mapped to local (PLB) ranges are always a power of 2.
space using PTM 2. For example, a value of 0xFF000000
indicates that the region contains 16MB.
11:1 Defines the size of the region of PCI The minimum range size is 4KB. Valid
memory space mapped to local (PLB) ranges are always a power of 2.
space using PTM 2. For example, a value of 0xFF000000
indicates that the region contains 16MB.
0 EMM Determines if range 2 is enabled to map When EMM is disabled, PCICO_PTM2BAR

PCI memory space to PLB space.

cannot be written. Set PCICO_PTM2BAR
to 0 before disabling EMM.
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PID

Process ID
SPR 0x3B1

See “Address Translation” on page 6-1.

3

Figure 25-151. Process ID (PID)

0:23 | Reserved

24:31 Process ID
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PIT

Programmable Interval Timer
SPR 0x3DB
See “Programmable Interval Timer (PIT)” on page 11-4.

[0 3]

Figure 25-152. Programmable Interval Timer (PIT)

0:31 Programmed interval remaining Number of clocks remaining until the PIT
event
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PLBO_ACR

PLB Arbiter Control Register '
DCR 0x087

See “PLB Arbiter Control Register (PLBO_ACR)” on page 2-5.
PPM HBU

Figure 25-153. PLB Arbiter Control Register (PLBO_ACR)

0 PPM PLB Priority Mode
0 Fixed
1 Fair

1:3 PPO PLB Priority Order

000 Masters 0,1, 2,3,4,5
001 Masters 1,2, 3,4,5,0
010 Masters 2, 3, 4, 5,0, 1
011 Masters 3, 4, 5,0, 1, 2
100 Masters 4,5, 0,1,2,3
101 Masters 5,0, 1,2, 3,4

110 Reserved
111 Reserved

4 HBU High Bus Utilization
0 Disabled
1 Enabled

5:31 Reserved
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PLBO_BEAR

PLB Error Address Register
DCR 0x086
See “PLB Error Address Register (PLBO_BEAR)” on page 2-5.

Lo S

Figure 25-154. PLB Error Address Register (PLBO_BEAR)
|j31 l rAddress of bus timeout error
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PLBO0_BESR

PLB Error Status Register
DCR 0x084 Read/Clear
See “PLB Error Status Register (PLBO_BESR)” on page 2-6.

PTEO FLKO PTE1 FLK1 PTE2 FLK2 PTE3 FLK3 PTE4 FLK4 PTE5 FLK5

[o[1]2]3]4]5]6]7]|8]09]10]11]12]13]14][15][16]17]18]19]20]21]|22]23

R/W0 ALKO R/W1 ALK1 RW2 ALK2 R/W3 ALK3 R/W4 ALK4 RW5 ALKS

Figure 25-155. PLB Error Status Register (PLBO_BESR)

0 PTEO | Master 0 PLB Timeout Error Status Master 0 is the processor core ICU.
0 No master 0 timeout error
1 Master 0 timeout error

1 R/WO0 | Master 0 Read/Write Status
0 Master O error operation was a write
1 Master 0 ICU error operation was a read

2 FLKO | Master 0 PLBO_BESR Field Lock
0 Master 0 PLBO_BESR field is unlocked
1 Master O field is locked

3 ALKO | Master 0 PLBO_BEAR Address Lock
0 Master 0 PLBO_BEAR is unlocked
1 Master 0 PLBO_BEAR is locked

4 PTE1 | Master 1 PLB Timeout Error Status Master 1 is the processor core DCU.
0 No master 1 timeout error
1 Master 1 timeout error

5 R/W1 | Master 1 Read/Write Status
0 Master 1 error operation was a write
1 Master 1 error operation was a read

6 FLK1 | Master 1PLBO_BESR Field Lock
0 Master 1 PLBO_BESR field is unlocked
1 Master 1 PLBO_BESR field is locked

7 ALK1 | Master 1 PLBO_BEAR Address Lock
0 Master 1 PLBO_BEAR is unlocked
1 Master 1 PLBO_BEAR is locked

8 PTE2 | Master 2 PLB Timeout Error Status Master 2 is the external master.
0 No master 2 timeout error
1 Master 2 timeout error

9 R/W2 | Master 2 Read/Write Status
0 Master 2 error operation was a write
1 Master 2 error operation was a read

10 FLK2 | Master 2 PLBO_BESR Field Lock
0 Master 2 PLBO_BESR field is unlocked
1 Master 2 PLBO_BESR field is locked

11 AL2 Master 2 PLBO_BEAR Address Lock
0 Master 2 PLBO_BEAR is unlocked
1 Master 2 PLBO_BEAR is locked
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PLBO_BESR (cont.)

PLB Error Status Register

12

PTES

Master 3 PLB Timeout Error Status Master 3 is PCI.
0 No Master 3 timeout error
1 Master 3 timeout error

13

R/W3

Master 3 Read/Write Status
0 Master 3 error operation was a write
1 Master 3 error operation was a read

14

FLK3

Master 3 PLBO_BESR Field Lock
0 Master 3 PLBO_BESR field is unlocked
1 Master 3 PLBO_BESR field is locked

15

ALK3

Master 3 PLBO_BEAR Address Lock
0 Master 3 PLBO_BEAR is unlocked
1 Master 3 PLBO_BEAR is locked

16

PTE4

Master 4 PLB Timeout Error Status © Master 4 is MAL.
0 No master 4 timeout error
1 Master 4 timeout error

17

R/W4

Master 4 Read/Write Status
0 Master 4 error operation was a write
1 Master 4 error operation was a read

18

FLK4

Master 4 PLBO_BESR Field Lock
0 Master 4 PLBO_BESR field is unlocked
1 Master 4 field is locked

19

ALK4

Master 4 PLBO_BEAR Address Lock
0 Master 4 PLBO_BEAR is unlocked
1 Master 4 PLBO_BEAR is locked

20

PTES

Master 5 PLB Timeout Error Status Master 5 is DMA.
0 No master 5 timeout error
1 Master 5 timeout error

21

R/W5

Master 5 Read/Write Status
0 Master 5 error operation was a write
1 Master 5 error operation was a read

22

FLK5

Master 5 PLBO_BESR Field Lock
0 Master 5 PLBO_BESR field is unlocked
1 Master 5 PLBO_BESR field is locked

23

ALK5

Master 5 PLBO_BEAR Address Lock
0 Master 5 PLBO_BEAR is unlocked
1 Master 5 PLBO_BEAR is locked

24:31

Reserved

Preliminary ‘ Register Summary
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POB0O_BEAR

Bridge Error Address Register
DCR 0x0A2 Read-Only
See “Bridge Error Address Register (POBO_BEAR)” on page 2-8.

3]

Figure 25-156. Bridge Error Address Register (POB0_BEAR)

| 0:31 \ 0x0B2 ‘ Address of bus error
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POBO0_BESRO

Bridge Error Status Register 0
DCR 0x0A0 Read/Clear
See “Bridge Error Status Registers (POB0_BESR0-POB0_BESR1)” on page 2-8.

PTEO FLKO PTE1 FLK1 PTE2 FLK2 PTE3  FLK3

[0 1]2]3]4]5 6]7]8]9]10 11]12[13]14]15 16][17]18]19]20 31

R/WO ALKO R/W1 ALK1 RW2 ALK2 R/W3 ALK3

Figure 25-157. Bridge Error Status Register 0 (POB0_BESR0)

0:1 PTEO | PLB Timeout Error Status Master 0 Master 0 is the processor core ICU.
00 No master O error occurred

01 Master 0 timeout error occurred

10 Master O slave error occurred

11 Reserved

2 R/WO0 | Read Write Status Master 0
0 Master 0 error operation is a read
1 Master 0 error operation is a write

3 FLKO | POBO_BESRO Field Lock Master 0
0 Master 0 POB0_BESRO field is unlocked
1 Master 0 POBO_BESRO field is locked

4 ALKO | POBO_BEAR Address Lock Master O
0 Master 0 POBO_BEAR address is
unlocked
1 Master 0 POBO_BEAR address is locked
5:6 PTE1 | PLB Timeout Error Status Master 1 Master 1 is the processor core DCU.

00 No master 1 error occurred

01 Master 1 timeout error occurred
10 Master 1 slave error occurred
11 Reserved

7 R/W1 | Read/Write Status Master 1
: 0 Master 1 error operation is a read
1 Master 1 error operation is a write

8 FLK1 POBO_BESRO Field Lock Master 1
0 Master 1 POBO_BESRO field is unlocked
1 Master 1 POBO_BESRO field is locked

9 ALK1 POBO_BEAR Address Lock Master 1
0 Master 1 POBO_BEAR address is
unlocked
1 Master 1 POBO_BEAR address is locked
10:11 | PTE2 | PLB Timeout Error Status Master 2 Master 2 is the external master.

00 No master 2 error occurred

01 Master 2 timeout error occurred
10 Master 2 slave error occurred
11 Reserved

12 R/W2 | Read/Write Status Master 2
0 Master 2 error operation is a read
1 Master 2 error operation is a write
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POB0_BESRO (cont.)

Bridge Error Status Register 0

13 FLK2 | POBO_BESRO Field Lock Master 2
0 Master 2 POB0O_BESRO field is unlocked
1 Master 2 POBO_BESRO field is locked

14 ALK2 | POBO_BEAR Address Lock Master 2

0 Master 2 POBO_BEAR address is
unlocked

1 Master 2 POBO_BEAR address is locked

15:16 | PTE3 | PLB Timeout Error Status Master 3 Master 3 is PCI.
00 No master 3 error occurred

01 Master 3 timeout error occurred

10 Master 3 slave error occurred

11 Reserved

17 R/W3 | Read/Write Status Master 3
0 Master'3 error operation is a read
1 Master 3 error operation is a write

18 FLK3 | POBO_BESRO Field Lock Master 3
0 Master 3 POB0O_BESRO field is unlocked .
1 Master 3 POBO_BESRO field is locked

19 ALK3 | POBO_BEAR Address Lock Master 3

0 Master 3 POBO_BEAR address is
unlocked

1 Master 3 POB0O_BEAR address is locked

20:31 Reserved
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POBO0_BESR1

Bridge Error Status Register 1

DCR 0x0A4 Read/Clear
See “Bridge Error Status Registers (POB0_BESR0-POB0_BESR1)” on page 2-8.

PTE4 FLK4 PTE5 FLK5

[o 1]2]3]4]s 6[7][8]9]t0

31

RW4 ALK4 R/&IS ALK5

Figure 25-158. Bridge Error Status Register 1 (POB0_BESR1)

0:1 PTE4 | PLB Timeout Error Status Master 4 Master 4 is MAL.
00 No Master 4 error occurred

01 Master 4 timeout error occurred

10 Master 4 slave error occurred

11 Reserved

2 R/W4 | Read/Write Status Master 4
0 Master 4 error operation is a read
1 Master 4 error operation is a write

3 FLK4 | POBO_BESR1 Field Lock Master 4
0 Master 4 POBO_BESRT1 field is unlocked
1 Master 4 POBO_BESR1 field is locked

4 ALK4 | POBO_BEAR Address Lock Master 4

0 Master 4 POBO_BEAR address is
unlocked

1 Master 4 POB0O_BEAR address is locked

5:6 PTE5 | PLB Timeout Error Status Master 5 Master 5 is DMA.
00 No Master 5 error occurred

01 Master 5 timeout error occurred

10 Master 5 slave error occurred

11 Reserved

7 R/W5 | Read/Write Status Master 5
0 Master 5 error operation is a read
1 Master 5 error operation is a write

8 FLK5 | POBO_BESRI1 Field Lock Master 5
0 Master 5 POB0O_BESRT1 field is unlocked
1 Master 5 POB0_BESR1 field is locked

9 ALK5 | POBO_BEAR Address Lock Master 5

0 Master 5 POBO_BEAR address is
unlocked

1 Master 5 POBO_BEAR address is locked

10:31 Reserved

Preliminary Register Summary

25-207



PVR

Processor Version Register

SPR 0x11F Read-Only
See “Processor Version Register (PVR)” on page 3-12.

o 3]

Figure 25-159. Processor Version Register (PVR)

‘ 0:31 | ‘ Assigned PVR value
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SDRAMO_BOCR-SDRAMO0_B3CR

Memory Bank 0-3 Configuration Registers
DCR Accessed using SDRAM0_CFGADDR; SDRAMO_CFGDATA; Offset 0x40-0x4C
See “Memory Bank 0-3 Configuration (SDRAMO_BOCR-SDRAMO_B3CR)” on page 15-6.

BA AM

0 9[10 7i[i2__14[15[16 18[19 , 30[31]

sz BE

Figure 25-160. Memory Bank 0-3 Configuration Registers
(SDRAM0_BOCR-SDRAMO_B3CR)

0:9 BA | Base Address The base address must be aligned on
a boundary that matches the size of
the region as defined by the SZ field.
For example, a 4MB region must begin
on an address that is divisible by 4MB.

1041 | - | Reserved

12:14 Y4 Size

000 4M byte
001 8M byte
010 16M byte
011 32M byte
100 64M byte
101 128M byte
110 256M byte
111 Reserved

15 | Reserved

16:18 | AM | Addressing Mode See “SDRAM Addressing Modes” on
000 Mode 1 - | page 15-7.

001 Mode 2
010 Mode 3
011 Mode 4
100 Mode 5
101 Mode 6
110 Mode 7
111 Reserved

19:30
31

Reserved

Memory Bank Enable
0 Bank is disabled
1 Bank is enabled
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SDRAMO_BEAR

PLB Master Bus Error Address Register
DCR Accessed using SDRAMO_CFGADDR; SDRAM0_CFGDATA; Offset 0x10

See “Bus Error Address Register (SDRAMO_BEAR)” on page 15-17.
SDRAMO_BEAR

(o0

Figure 25-161. Bus Error Address Register (SDRAMO_BEAR)

(0:31 | SDRAMO_BEAR | Address of ECC Error.
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SDRAMO_BESRO

Bus Error Syndrome Register 0

DCR Accessed using SDRAM0_CFGADDR; SDRAMO0_CFGDATA; Offset 0x00 Read/Clear
See “Bus Error Syndrome Register 0 (SDRAMO_BESRO0)” on page 15-17.

EEf'O EET1 EET2 EET3 FL3
[0 2[3[4 5|6 8[9[10 11[12__ 14[15[16 17]18 __ 20]21]22]23[24 3]
RWS0 RWS1 RWS2 RWS3 AL3

Figure 25-162. Bus Error Syndrome Register 0 (SDRAMO_BESRO0)

0:2 EETO | Error type for master 0 Master 0 is the processor instruction fetcher.
) 000 No error

001 Reserved

01X ECC uncorrectable error

1XXReserved

3 RWSO0 | Read/write status for master 0
0 Error operation was a write operation
1 Error operation was a read operation

45 | | Reserved

6:8 EET1 | Error type for master 1 Master 1 is the processor data side.
000 No error

001 Reserved

01X ECC uncorrectable error

1XXReserved

9 RWS1 | Read/write status for master 1
0 Error operation was a write operation
1 Error operation was a read operation

10:11 | Reserved

12:14 | EET2 | Error type for master 2 Master 2 is the external bus master.
000 No error

001 Reserved

01X ECC uncorrectable error

1XXReserved

15 RWS2 | Read/write status for master 2
0 Error operation was a write operation
1 Error operation was a read operation

16:17
18:20

Reserved

Error type for master 3 Master 3 is the PCI bridge.
000 No error .

001 Reserved

01X ECC uncorrectable error

1XXReserved

21 RWS3 | Read/write status for master 3
0 Error operation was a write operation
1 Error operation was a read operation
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SDRAMO_BESRO (cont.)

Bus Error Syndrome Register 0

22 FL3 Field lock for master 3
0 EET3 and RWS3 fields are unlocked
1 EET3 and RWS3 fields are locked

23 AL3 SDRAMO_BEAR address lock for master 3
0 SDRAMO_BEAR address unlocked
1 SDRAMO_BEAR address locked

24:31 Reserved
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SDRAMO_BESRT1

Bus Error Syndrome Register B
DCR Accessed using SDRAMO_CFGADDR; SDRAMO_CFGDATA; Offset 0x08 Read/Clear
See “Bus Error Syndrome Register 1 (SDRAMO_BESR1)” on page 15-18.
EET4 FL4 EET5

[0 2[3]4][5]6 8]9[10 : 31

RWS4 AL4 RWSS

Figure 25-163. Bus Error Status Register 1 (SDRAMO_BESR1)

0:2 EET4 | Error type for master 4 Master 4 is the MAL.
000 No error

001 Reserved

01X ECC uncorrectable error

1XX Reserved

3 RWS4 [ Read/write status for master 4
0 Error operation was a write operation
1 Error operation was a read operation

4 FL4 Field lock for master 4
) 0 EET4 and RWS4 fields are unlocked
1 EET4 and RWS4 fields are locked

5 AL4 SDRAMO_BEAR address lock for master 4
0 SDRAMO_BEAR address unlocked
1 SDRAMO_BEAR address locked

6:8 EETS | Error type for master 5 Master 5 is the DMA controller.
000 No error

001 Reserved

01X ECC uncorrectable error

1XXReserved

9 RWS5 | Read/write status for master 5
0 Error operation was a write operation
1 Error operation was a read operation

10:31 | - |Reserved
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SDRAMO_CFG

Memory Controller Configuration Register

DCR Accessed using SDRAMO_CFGADDR; SDRAMO_CFGDATA; Offset 0x20

See “Memory Controller Configuration Register (SDRAMO_CFG)” on page 15-3.

EMDULR

SRE T DRW

MEMCHK

Figure 25-164. Memory Controller Configuration (SDRAMO0_CFG)

DCE SDRAM Controller Enable
0 Disable
1 Enable

All SDRAM controller configuration
registers must be initialized and valid prior to
setting DCE.

SRE Self-Refresh Enable
0 Disable
1 Enable

See “Self-Refresh” on page 15-19.

PME Power Management Enable
0 Disable
1 Enabled

See “Power Management” on page 15-20.

MEMCHK | Memory Data Error Checking
0 None

1 ECC

See “Error Checking and Correction (ECC)”
on page 15-14.

REGEN | Registered Memory Enable
0 Disabled

1 Enabled

5:6

DRW SDRAM Width
00 32-bit

01 Reserved
10 Reserved

11 Reserved

Must be set to 2'b00.

7:8

BRPF Burst Read Prefetch Granularity
00 Reserved

01 16 bytes

10 32 bytes

11 Reserved

Most applications should set with field to
2'b01.

ECCDD | ECC Driver Disable

0 Check bit data output on ECC7:0.
1 ECC7:0 are placed in high-Z state.

Regardless of whether ECC checking is
enabled, SDRAM writes cause the
PPC405GP to output check bit data on
ECC7:0. If ECC is not used, setting
ECCDD=1 disables these drivers.

10

EMDULR

Enable Memory Data Unless Read

0 MemData0:31 are high-Z unless a
memory write is being performed.

1 MemData0:31 are driven unless a
memory read is being performed.
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SDRAMO_CFG

Memory Controller Configuration Register

Reserved —l
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SDRAMO_CFGADDR

Memory Controller Address Register
DCR 0x010
See “Accessing SDRAM Registers” on page 15-2.

This register is used to determine offsets for SDRAM controller DCRs.
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SDRAMO_CFGDATA

Memory Controller Data Register
DCR 0x011
See “Accessing SDRAM Registers” on page 15-2.

This register is used to indirectly access SDRAM controller DCRs.
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SDRAMO_ECCCFG

ECC Configuration Register

Offset 0x94 DCR Accessed using SDRAMO_CFGADDR; SDRAMO_CFGDATA; Offset 0x94
See “ECC Configuration Register (SDRAMO_ECCCFG)” on page 15-14.

CEn

Figure 25-165. ECC Configuration Register (SDRAMO_ECCCFG)

0:7 | Reserved
8:11 CEn ECC Correction Enable for bank n. When CEn is set, ECC correction is
0 Disabled enabled for bank n (BankSeln). When
1 Enabled cleared, the ECC logic ignores the check
bits and passes read data along
unmodified.
12:31 Reserved
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SDRAMO_ECCESR

ECC Error Status Register
DCR Accessed using SDRAMO_CFGADDR; SDRAMO_CFGDATA; Offset 0x98 Read-Only
See “ECC Error Status Register (SDRAMO_ECCESR)” on page 15-16.

BLiCE (iE BKnE
[0 374 78 o[10[11[12 ~15]16 19]20 Rl
CBE  UE

Figure 25-166. ECC Error Status Register (SDRAMO_ECCESR)
0:3 | BLnCE | Byte Lane n Corrected Error

0 No error
1 Error occurred in byte lane n
47 |+ .| Reserved
8:9 CBE Error Detected in Check bits
00 No error

01 Error in lower check bits
10 Error in upper check bits
11 Error in both sets of check bits

10 CE Correctable Error
11 UE Uncorrectable Error
1215 | | Reserved
16:19 | BKnE | Bankn Error
0 No error

1 Error occurred in bank n

20:31 Reserved
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SDRAMO_PMIT

Power Management Idle Timer
DCR Accessed using SDRAMO_CFGADDR; SDRAMO_CFGDATA; Offset 0x34

See “Power Management Idle Timer (SDRAMO_PMIT)” on page 15-20.
CNT

1111

Figure 25-167. Power Management Idle Timer (SDRAMO_PMIT)

0:4 CNT | Count
' 0-31

5:9 Always 0b11111
10:31 Reserved
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SDRAMO_RTR

Refresh Timer Register

DCR Accessed using SDRAMO_CFGADDR; SDRAM0_CFGDATA; Offset 0x30
See “Refresh Timer Register (SDRAMO_RTR)” on page 15-13.

00 000
[0 1]2 12[13  15[16 ' ; 31]
v
Figure 25-168. Refresh Timing Register (SDRAMO_RTR)
0:1 Always 0b00
2112 \Y) Interval Reset value is 0b00010111110 (that is,
Programmable between 0b00000000000 0x05F0 for the complete 16-bit field)
and Ob11111111111 (that is, 0x0000 to
0x3FF8 for the complete 16-bit field).
13:15 Always 0b000
16:31 Reserved
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SDRAMO_TR

SDRAM Timing Register
DCR Accessed using SDRAMO_CFGADDR; SDRAMO_CFGDATA; Offset 0x80

See “SDRAM Timing Register (SDRAMO_TRY)” on page 15-9.
PTA LDF RCD

§[27  29]30 31

RFTA

Figure 25-169. SDRAM Timing Register (SDRAMO_TR)

0:6 Reserved

7:8 CASL | SDRAM CAS latency.

00 Reserved

01 2 MemClkOut1:0 cycles
10 3 MemClkOut1:0 cycles
11 4 MemCikOut1:0 cycles

Reserved

12:13 PTA | SDRAM Precharge Command to next
Activate Command minimum.

00 Reserved

01 2 MemClkOut1:0 cycles

10 3 MemClkOut1:0 cycles

11 4 MemClkOut1:0 cycles

14:15 CTP | SDRAM Read / Write Command to
Precharge Command minimum.
00 Reserved

01 2 MemCikOut1:0 cycles

10 3 MemClkOut1:0 cycles

11 4 MemClkOut1:0 cycles

16:17 LDF | SDRAM Command Leadoff.
00 Reserved

01 2 MemClkOut1:0 cycles
10 3 MemClkOut1:0 cycles
11 4 MemClkOut1:0 cycles

Reserved

27:29 | RFTA | SDRAM CAS before RAS Refresh
Command to next Activate Command
minimum.

000 4 MemClIkOut1:0 cycles

001 5 MemClkOut1:0 cycles

010 6 MemClkOut1:0 cycles

011 7 MemClkOut1:0 cycles

100 8 MemCIkOut1:0 cycles

101 9 MemClkOut1:0 cycles

110 10 MemClkOut1:0 cycles

111 Reserved
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SDRAMO_TR

SDRAM Timing Register

30:31

RCD

SDRAM RAS to CAS Delay
00 Reserved

01 2 MemClkOut1:0 cycles
10 3 MemClkOut1:0 cycles
11 4 MemClkOut1:0 cycles

Preliminary

Register Summary
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SGR

Storage Guarded Register
SPR 0x3B9
See “Real-mode Storage Attribute Control” on page 6-17.

G0 G2 G4 G6 G8 G100 G112 Gi14 G16 G18 G20 G22 G24 G26 SG28 G30

[O[1[2[3[ 4[5 6[7[8[0[10[T1[12[13[14[15[16]17[ 18] 19]20[21[22]23[24] 25[26] 27] 28] 28] 30[ 31

Tt 1

Gt G3 G5 G7 G9 G111 Gi13 Gi15 G17 G19 G211 G283 G25 G277 G29 G31

Figure 25-170. Storage Guarded Register (SGR)

0 Go 0 Normal 0x0000 0000—-0x07FF FFFF
1 Guarded

1 G1 0 Normal 0x0800 0000—-0xOFFF FFFF
1 Guarded

2 G2 0 Normal 0x1000 0000-0x17FF FFFF
1 Guarded

3 G3 0 Normal 0x1800 0000 -0x1FFF FFFF
1 Guarded

4 G4 0 Normal 0x2000 0000~-0x27FF FFFF
1 Guarded

5 G5 0 Normal 0x2800 0000—~0x2FFF FFFF
1 Guarded

6 G6 0 Normal 0x3000 0000-0x37FF FFFF
1 Guarded

7 G7 0 Normal 0x3800 0000-0x3FFF FFFF
1 Guarded

8 G8 0 Normal 0x4000 0000-0x47FF FFFF
1 Guarded

9 G9 0 Normal 0x4800 0000~0x4FFF FFFF
1 Guarded

10 G10 0 Normal 0x5000 0000-0x57FF FFFF
1 Guarded

11 G11 | 0 Normal 0x5800 0000~0x5FFF FFFF
1 Guarded

12 G12 | 0 Normal 0x6000 0000-0x67FF FFFF
1 Guarded )

13 G13 | 0 Normal 0x6800 0000—0x6FFF FFFF
1 Guarded

14 G14 0 Normal 0x7000 0000—-0x77FF FFFF
1 Guarded

15 G15 0 Normal 0x7800 0000 -0x7FFF FFFF
1 Guarded
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SGR (cont.)

Storage Guarded Register

16 G16 0 Normal 0x8000 0000-0x87FF FFFF
1 Guarded

17 G17 0 Normal 0x8800 0000-0x8FFF FFFF
1 Guarded

18 G18 0 Normal 0x9000 0000-0x97FF FFFF
1 Guarded

19 G19 0 Normal 0x9800 0000—-0x9FFF FFFF
1 Guarded

20 G20 0 Normal 0xA000 0000-0xA7FF FFFF
1 Guarded

21 G21 0 Normal 0xA800 0000—-0xAFFF FFFF
1 Guarded

22 G22 | 0 Normal 0xB000 0000-0xB7FF FFFF
1 Guarded

23 G23 0 Normal 0xB800 0000-0xBFFF FFFF
1 Guarded

24 G24 | 0 Normal 0xC000 0000—-0xC7FF FFFF
1 Guarded

25 G25 0 Normal 0xC800 0000 -0xCFFF FFFF
1 Guarded

26 G26 | 0 Normal 0xD000 0000-0xD7FF FFFF
1 Guarded

27 G27 0 Normal 0xD800 0000-0xDFFF FFFF
1 Guarded

28 G28 0 Normal 0xEQ00 0000-0xE7FF FFFF
1 Guarded

29 G29 0 Normal 0xE800 0000-0xEFFF FFFF
1 Guarded

30 G30 0 Normal 0xF000 0000-0xF7FF FFFF
1 Guarded

31 G31 0 Normal 0xF800 0000—-0xFFFF FFFF
1 Guarded

Preliminary

Register Summary
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SLER

Storage Little-Endian Register

SPR 0x3BB

See “Real-mode Storage Attribute Control” on page 6-17.

S0

S2

S4 S6 S8 810

S12

S14

S16

S18

S§20 S22 824 S26

S28

S30

[O]1[2[3[4]5] 6] 7] 8] 9[10[TI[12[13[14][ 15[ 16][17] 18] 19]20[21] 22] 23] 24[25] 26[27] 28] 29[ 30[ 31]

S1 83 S5 S7 S9 S11 813 S15 S17  S19 821 S23 825 827  S29  S31
Figure 25-171. Storage Little-Endian Register (SLER)

Y S0 0 Big endian 0x0000 0000-0x07FF FFFF
1 Little endian

1 St 0 Big endian 0X0800 0000 -OXOFFF FFFF
1 Little endian

2 s2 0 Big endian 0x1000 0000-0x17FF FFFF
1 Little endian

3 S3 0 Big endian 0x1800 0000-0x1FFF FFFF
1 Little endian

4 S4 0 Big endian 0x2000 0000-0x27FF FFFF
1 Little endian

5 S5 0 Big endian 0x2800 0000 -0x2FFF FFFF
1 Little endian

6 S6 0 Big endian 0x3000 0000—-0x37FF FFFF
1 Little endian

7 s7 0 Big endian 0x3800 0000-0x3FFF FFFF
1 Little endian

8 s8 0 Big endian 0x4000 0000-0x47FF FFFF
1 Little endian

9 89 0 Big endian 0x4800 0000—-0x4FFF FFFF
1 Little endian

10 $10 | 0 Big endian 0x5000 0000-0x57FF FFFF
1 Little endian

11 811 | 0 Big endian 0x5800 0000-0x5FFF FFFF
1 Little endian

12 | S12 | 0 Bigendian 0x6000 0000 —0x67FF FFFF
1 Little endian

13 $13 | 0 Big endian 0x6800 0000-0x6FFF FFFF
1 Little endian

14 S14 0 Big endian 0x7000 0000-0x77FF FFFF
1 Little endian

15 §15 0 Big endian 0x7800 0000-0x7FFF FFFF
1 Little endian
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SLER (cont.)

Storage Little-Endian Register

1 Little endian

16 §16 | 0 Big endian 0x8000 0000-0x87FF FFFF
1 Little endian
17 $17 | 0 Big endian 0x8800 0000 —Ox8FFF FFFF
1 Little endian
18 818 | 0 Big endian 0x9000 0000—0x97FF FFFF
1 Little endian
19 S19 | 0 Big endian 0x9800 0000-0x9FFF FFFF
1 Little endian
20 §20 | 0 Big endian 0xA000 0000 -O0xA7FF FFFF
1 Little endian
21 S21 | 0 Big endian 0xA800 0000 -0xAFFF FFFF
1 Little endian
22 S22 | 0 Big endian 0xB000 0000—-0xB7FF FFFF
1 Little endian
23 $23 | 0 Big endian 0xB800 0000-0xBFFF FFFF
1 Little endian
24 §24 | 0 Big endian 0xC000 0000-0xC7FF FFFF
1 Little endian
25 §25 | 0 Bigendian 0xC800 0000 -0xCFFF FFFF
1 Little endian
26 S26 | 0 Big endian 0xD000 0000 —0xD7FF FFFF
: 1 Little endian A
27 §27 | 0 Big endian 0xD800 0000 -0xDFFF FFFF
1 Little endian
28 828 | 0 Big endian 0xE000 0000-0xE7FF FFFF
1 Little endian
29 §29 | 0 Big endian OXE800 0000 —OXEFFF FFFF
1 Little endian
30 §30 | O Big endian 0XFO00 0000—-0xF7FF FFFF
1 Little endian
31 831 | 0 Big endian 0xF800 0000 -0xFFFF FFFF

Preliminary
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SPRGO-SPRG7

Storage Little-Endian Register

SPR 0x104-0x107 (Read-only); 0x110-0x113 (Read/Write); 0x114-0x117 (Read/Write)
See “Special Purpose Register General (SPRG0-SPRG7)” on page 3-11.

[0 3]

Figure 25-172. Special Purpose Registers General (SPRG0-SPRG7)

| 0:31 | ‘ General data Software value; no hardware usage.
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SPR 0x01A

SRRO

Save/Restore Register 0

See “Save/Restore Registers 0 and 1 (SRRO—SRH1)” on pége 10-29.

[0 29]30 31|
Figure 25-173. Save/Restore Register 0 (SRR0)
0:29 SRRO receives an instruction address when a non-critical interrupt is taken;
the Program Counter is restored from SRRO when rfi executes.
30:31 Reserved
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SRR1

Save/Restore Register 1
SPR 0x01B
See “Save/Restore Registers 0 and 1 (SRR0-SRR1)” on page 10-29.

CE PR ME DWE DR

113|14{51§I16|17}3{8(]19‘((2‘9]21|22[g) ‘

WE EE DE

Figure 25-174. Save/Restore Register 1 (SRR1)

0:31 SRR1 receives a copy of the MSR when an interrupt is taken; the MSR is restored from
SRR1 when rfi executes.
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SRR2

Save/Restore Register 2
SPR 0x3DE
See “Save/Restore Registers 2 and 3 (SRR2-SRR3)" on page 10-30.

[0 2930 31]

Figure 25-175. Save/Restore Register 2 (SRR2)

0:29 SRR2 receives an instruction address when a critical interrupt is taken; the Program
Counter is restored from SRR2 when rfcl executes.

30:31

| Reserved
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SRR3

Save/Restore Register 3

SPR 0x3DF
See “Save/Restore Registers 2 and 3 (SRR2~-SRR3)” on page 10-30.

CE PR ME DWE DR

S S T 4

WE EE DE |

Figure 25-176. Save/Restore Register 3 (SRR3)

0:31 SRR3 receives a copy of the MSR when a critical interrupt is taken; the MSR is restored
from SRR3 when rfci executes.
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SPR 0x3BC

See “Real-mode Storage Attribute Control” on page 6-17.

SUOR

Storage User-Defined 0 Register

UDO UD2 uD4 UD6 UD8 UD10 UD12 UD14 UD16 UD18 UD20 UD22 UD24 UD26 UD28 UD30

[O[[2[3[4[5[6]7]8[9[10[T11[12[13[14]15]16[17] 18] 19]20]21[22]23[24] 25] 26[27] 28] 29 30[31]

UD1

UD3 UD5 UD7 UD9 UD11

UD13 UD15 UD17 UD19 UD21

Figure 25-177. Storage User-defined 0 Register (SUOR)

UD23 UD25 UD27 UD29 UD31

uDo

0 Storage compression is off
1 Storage compression is on

0x0000 0000~0x07FF FFFF

UD1

0 Storage compression is off
1 Storage compression is on

0x0800 0000 —OXOFFF FFFF

ubD2

0 Storage compression is off
1 Storage compression is on

0x1000 0000—0x17FF FFFF

uD3

0 Storage compression is off
1 Storage compression is on

0x1800 0000—-0x1FFF FFFF

uD4

0 Storage compression is off
1 Storage compression is on

0x2000 0000~0x27FF FFFF

uDs5

0 Storage compression is off
1 Storage compression is on

0x2800 0000—0x2FFF FFFF

uDeé

0 Storage compression is off
1 Storage compression is on

0x3000 0000—-0x37FF FFFF

uD7

0 Storage compression is off
1 Storage compression is on

0x3800 0000—-0x3FFF FFFF

ubDs

0 Storage compression is off
1 Storage compression is on

0x4000 0000-0x47FF FFFF

uD9

0 Storage compression is off
1 Storage compression is on

0x4800 0000—-0x4FFF FFFF

10

ub10

0 Storage compression is off
1 Storage compression is on

0x5000 0000—-0x57FF FFFF

11

UD11

0 Storage compression is off
1 Storage compression is on

0x5800 0000 ~0X5FFF FFFF

12

ubD12

0 Storage compression is off
1 Storage compression is on

0x6000 0000—0x67FF FFFF

13

UD13

0 Storage compression is off
1 Storage compression is on

0x6800 0000 ~0x6FFF FFFF

14

ubD14

0 Storage compression is off
1 Storage compression is on

0x7000 0000—0x77FF FFFF

15

UD15

0 Storage compression is off
1 Storage compression is on

0x7800 0000 —-0x7FFF FFFF

Preliminary
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SUOR (cont.)

Storage User-Defined 0 Register

16 UD16 | 0 Storage compression is off 0x8000 0000-0x87FF FFFF
1 Storage compression is on
17 UD17 | O Storage compression is off 0x8800 0000 -0x8FFF FFFF
1 Storage compression is on
18 UD18 | 0 Storage compression is off 0x9000 0000-0x97FF FFFF
. 1 Storage compression is on
19 UD19 | 0 Storage compression is off 0x9800 0000 ~-0x9FFF FFFF
1 Storage compression is on
20 UD20 | O Storage compression is off 0xA000 0000-0xA7FF FFFF
1 Storage compression is on
21 UD21 | 0 Storage compression is off 0xA800 0000-0xAFFF FFFF
1 Storage compression is on
22 UD22 | 0 Storage compression is off 0xB000 0000~-0xB7FF FFFF
1 Storage compression is on
23 UD23 | 0 Storage compression is off 0xB800 0000-0xBFFF FFFF
1 Storage compression is on
24 UD24 | 0 Storage compression is off 0xC000 0000-0xC7FF FFFF
1 Storage compression is on
25 UD25 | 0 Storage compression is off 0xC800 0000-0xCFFF FFFF
1 Storage compression is on
26 UD26 | 0 Storage compression is off 0xD000 0000-0xD7FF FFFF
1 Storage compression is on
27 UD27 | 0 Storage compression is off 0xD800 0000-0xDFFF FFFF
1 Storage compression is on
28 UD28 | 0 Storage compression is off 0xE000 0000-0xE7FF FFFF
1 Storage compression is on
29 UD29 | 0 Storage compression is off 0xE800 0000 -OXEFFF FFFF
1 Storage compression is on
30 UD30 | 0 Storage compression is off 0xF000 0000-0xF7FF FFFF
1 Storage compression is on :
31 UD31 | 0 Storage compression is off 0xF800 0000 -0xFFFF FFFF
1 Storage compression is on
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TBR 0x10C (Read-only); SPR 0x11C (Privileged write-only)

See “Time Base” on page 11-2.

TBL

Time Base Lower

[0 31]
Figure 25-178. Time Base Lower (TBL)
0:31 Time Base Lower Current count; low-order 32 bits of time
base.
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TBU

Time Base Upper

TBR 0x10D (Read-only); SPR 0x11D (Privileged write-only)

See “Time Base” on page 11-2.

L0 3)
‘ Figure 25-179. Time Base Upper (TBU)
0:31 Time Base Upper Current count, high-order 32 bits of time
base.
25-236  PPC405GP User’'s Manual Preliminary




TCR

Timer Control Register
SPR 0x3DA
See “Timer Control Register (TCR)” on page 11-9.

wp WIE FP FIE

[0 1]2 3[4[5[6 7[8[0[10 ~ 3]

WRC PIE ARE

Figure 25-180. Timer Control Register (TCR)

0:1 WP Watchdog Period
00 2'7 clocks
01 22! clocks
10 225 clocks
11 229 clocks

2:3 WRC | Watchdog Reset Control TCR[WRC] resets to 00.

00 No Watchdog reset will occur. This field can be set by software, but

01 Core reset will be forced by the cannot be cleared by software, except by a
Watchdog. software-induced reset.

10 Chip reset will be forced by the
Watchdog.

11 System reset will be forced by the
Watchdog. .

4 WIE Watchdog Interrupt Enable

0 Disable watchdog interrupt.
1 Enable watchdog interrupt.
5 PIE PIT Interrupt Enable

0 Disable PIT interrupt.

1 Enable PIT interrupt.

6:7 FP FIT Period

00 2° clocks

01 2'3 clocks

10 2'7 clocks

11 221 clocks

8 FIE FIT Interrupt Enable

0 Disable FIT interrupt.

1 Enable FIT interrupt.

9 ARE | Auto Reload Enable Disables on reset.
0 Disable auto reload.

1 Enable auto reload.

10:31 | = .| Reserved
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TSR

Timer Status Register

SPR 0x3D8 Read/Clear

See “Timer Status Register (TSR)” on page 11-8.

ENW WRS

FIS

wIS

PIS

Figure 25-181. Timer Status Register (TSR)

ENW

Enable Next Watchdog

0 Action on next watchdog event is to set
TSR[ENW] =1.

1 Action on next watchdog event is
governed by TSR[WIS].

Software must reset TSRIENW] = 0 after
each watchdog timer event.

WIS

Watchdog Interrupt Status
0 No Watchdog interrupt is pending.
1 Watchdog interrupt is pending.

2:3

WRS

Watchdog Reset Status

00 No Watchdog reset has occurred.

01 Core reset was forced by the watchdog.

10 Chip reset was forced by the watchdog.

11 System reset was forced by the
watchdog.

PIS

PIT Interrupt Status
0 No PIT interrupt is pending.
1 PIT interrupt is pending.

FIS

FIT Interrupt Status
0 No FIT interrupt is pending.
1 FIT interrupt is pending.

6:31

Reserved
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UARTx_DLL

UART Baud-Rate Divisor Latch LSB Registers
MMIO 0xEF600300, 0xEF600400
See “UART Baud-Rate Divisor Latch (LSB) Registers (UARTx_DLL)" on page 21-14.

(8 15]

Flgvure 25-182. UART Baud-Rate Divisor Latch (LSB) Registers (UARTx_DLL)
| 8:15 | | Data bits ’

Note: UARTx_DLL is shown in standard PowerPC bit notation, where 0 is the MSb and 7 is the LSb.
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UARTx_DLM

UART Baud-Rate Divisor Latch MSB Registers

MMIO 0xEF600301, OXEF600401
See “UART Baud-Rate Divisor Latch (MSB) Registers (UARTx_DLM)" on page 21-14.

L0 7]

Figure 25-183. UART Baud-Rate Divisor Latch (MSB) Registers (UARTx_DLM)
I 0:7 ‘ I Data bits |

Note: UARTx_DLM is shown in standard PowerPC bit notation, where 0 is the MSb and 7 is the LSb.
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MMIO 0xEF600302, 0xEF600402 Write-Only

See “FIFO Control Registers (UARTx_FCR)” on page 21-7.

RFTL

UARTx_FCR

UART FIFO Control Registers

[0 1]2 3]4][5]6]7]

TFR FC

Figure 25-184. UART FIFO Control Registers (UARTx_FCR)

0 Disable FIFOs
1 Enable FIFOs

0:1 RFTL Receiver FIFO Trigger Level
00 1 byte
01 4 bytes
10 8 bytes
11 14 bytes
2:3 G Reserved
DMS DMA Mode Select Select single or mulitiple transfer mode if
0 Mode 0 = single transfer UARTx_FCR[7]=1.
1 Mode 1 = multiple transfers
5 TFR Transmitter FIFO Reset A 1 written to this bit clears all bytes in the
0 Operation complete transmitter FIFO and resets all of its
1 Reset the transmitter FIFO counter logic to 0. The transmitter shift
register is not cleared. This bit is self-
clearing.
6 RFR Receiver FIFO Reset A 1 written to this bit clears all bytes in the
0 Operation complete receiver FIFO and resets all of its counter
1 Reset the receiver FIFO logic to 0. The receiver shift register is not
cleared. This bit is self-clearing.
7 FE FIFO Enable When set to 1, both the receiver and

transmitter FIFOs are enabled. When set
to 0, both receiver and transmitter FIFOs
are reset. Data is automatically cleared
from both FIFOs when changing to and
from FIFO and 16450 modes.
Programming other bits will be ignored if
this bit is not a 1.

Note: UARTx_FCR is shown in standard PowerPC bit notation, where 0 is the MSb and 7 is the LSb.
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UARTx_IER

UART Interrupt Enable Registers
MMIO 0xEF600301, xEF600401

See “Interrupt Enable Registers (UARTx_IER)” on page 21-5.
ELS! ERBFI

Figure 25-185. UART Interrupt Enable Registers (UARTx_IER)

0:3 Reserved Always 0.
EDSSI Enable Modem Status Interrupt
ELSI Receiver Line Status Interrupt enable

0 Enable receiver line status interrupt
1 Disable receiver line status interrupt

6 ETBEI Transmitter Holding Register Empty

Interrupt enable

0 Enable transmitter holding register empty
interrupt

1 Disable transmitter holding register
empty interrupt

7 ERBFI Received Data Available Interrupt enable In FIFO mode, timeout interrupts follow the
0 Disable received data available interrupt  enable/disable state of ERBFI.
1 Enable received data available interrupt

Note: UARTx_IER is shown in standard PowerPC bit notation, where 0 is the MSb and 7 is the LSb.
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UARTx_IIR

UART Interrupt Identification Registers

MMIO 0xEF600302, 0xEF600402 Read-Only

See “Interrupt Identification Registers (UARTx_IIR)” on page 21-6.

FCI IPL

[0 1][2 3[4 5 6]7]

P

Figure 25-186. UART Interrupt Identification Registers (UARTx_IIR)

0:1

FCI

FIFO Control Indicator

00 FIFOs disabled (UARTx_FCR[FC] = 0)
01 Reserved

10 Reserved

11 FIFOs enabled (UARTx_FCRI[FC] = 1)

2:3

Reserved

4:6

IPL

Interrupt Priority Level See Table 21-3.

000 Priority level 4

001 Priority level 3 Note: Priority 1 is highest priority.
010 Priority level 2

011 Priority level 1

100 Reserved

101 Reserved

110 Priority level 2

111 Reserved

Interrupt Pending When set to 0, IIR contents can be used as
0 Interrupt is pending a pointer to the appropriate interrupt
1 No interrupt pending service routine.

Note: UARTx_IIR is shown in standard PowerPC bit notation, where 0 is the MSb and 7 is the LSb.
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UARTx_LCR

UART Line Control Registers
MMIO 0xEF600303, 0XEF600403
See “Line Control Registers (JARTx_LCR)” on page 21-8.

DLAB SP PEN WLS

S S
[O[7[2[3[4]5]6 7]

SB EPS SBS

Figure 25-187. UART Line Control Registers (UARTx_LCR)

0 DLAB Divisor Latch Access Bit
0 Address RBR, THR and IER with
LTADR2-0 for read or write operation
1 Address Divisor Latches with LTADR2-0
for read or write operation
1 SB Set Break Causes a break condition to be transmitted
0 Disable Break to the UART when the core is receiving.
1 Enable Break SOUT is forced to the spacing state (0).
This bit acts only on SOUT and has no
effect on the transmitter logic.
2 SP Sticky Parity If UARTx_LCRI[EPS} =1 and
0 Disable sticky parity UARTx_LCRIPE] = 1, the parity bit is
1 Enable sticky parity transmitted and checked as 0. If
UARTx_LCR [EPS} =0 and
UARTx_LCRI[PE] = 1,the parity bit is
transmitted and checked as 1.
3 EPS Even Parity Select This bit is significant only if
0 Generate odd parity UARTx_LCRI[PE] = 1.
1 Generate even parity
4 PEN Parity Enable
0 Disable parity checking
1 Enable parity checking
5 SBS Stop Bit Select If UARTx_LCR[CL] = 00, characters have
0 Characters have 1 stop bit 1.5 stop bits. For any other value of
1 Characters have 1.5 or 2 stop bits UARTx_LCRICL], characters have 2 stop
bits.
The receiver checks the first stop bit only, .
regardless of how many stop bits are
selected.
6:7 | WLSO, Word Length Select Bits 0,1
WLS1 00 Use 5-bit characters
01 Use 6-bit characters
10 Use 7-bit characters
11 Use 8-bit characters

Note: UARTx_LCR is shown in standard PowerPC bit notation, where 0 is the MSb and 7 is the LSb.
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UARTx_LSR

UART Line Status Registers
MMIO 0xEF600305, 0OXEF600405

See “Line Status Registers (UARTx_LSR)” on page 21-11.
RFE THRE FE OE

v

0j1]2|3|4|5|6|7

TEMT BI PE DR

Figure 25-188. UART Line Status Registers (UARTx_LSR)

0 RFE Receiver FIFO Error Indicator Always 0 in 16450 mode.
0 In FIFO mode, reset to 0 when the
processor reads the UARTx_LSR,
provided there are no subsequent errors
in the FIFO.
1 There are one or more instances of
parity error, framing error or break
indication in the FIFO.
1 TEMT Transmitter Empty Indicator
0 Reset to 0 whenever the THR or the
transmitter shift register contain a
character. In FIFO mode, it is reset to 0
whenever the transmitter FIFO or the
transmitter shift register contain a
character.
1 Set to 1 when the THR and the
Transmitter shift register are both empty.
In FIFO mode, it is set to 1 when the
transmitter FIFO and the transmitter shift
register are both empty.
2 THRE Transmitter Holding Register Empty When UARTx_IER[THRE] = 1, the UART
Indicator issues an interrupt to the PPC405GP
0 Concurrent reset to 0 with the loading of  interrupt controller. This bit is set to 1 when
the THR by the processor. In FIFO mode  a character is transferred from the THR to
it is reset to 0 when at least one byte is the transmitter shift register.
written to the transmitter FIFO.
1 Set to 1 when the UART is ready to
accept a new character for transmission.
In FIFO mode, this bit is set when the
transmitter FIFO is empty.
3 BI Break Interrupt Indicator. The full word transmission time is the time
0 Reset to 0 whenever processor reads required for the start bit, data bits (can be
Line Status Register (LSR). 5-8 bits), parity and stop bits. In FIFO
1 Set to 1 whenever the received data mode, this error is revealed to the
input is held at the spacing level (0) for processor when the character this error is
longer than a full word transmission time.  associated with is at the top of the FIFO.
Only one 0 character is loaded into the
receiver FIFO when a break occurs. After
the next valid start bit is received and has
gone into the marking state, the next
character transfer is enabled. Error causes
a Receiver Line Status Interrupt.
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UARTx_LSR (cont.)

UART Line Status Registers

0 Reset to 0 when all data has been read
from the receiver FIFO or the
UARTx_RBR.

1 An entire incoming character has been
received into the UARTx_RBR or
receiver FIFO.

4 FE Framing Error Indicator. Error causes a Receiver Line Status
0 Reset to 0 whenever processor reads Interrupt.
LSR.
1 Set to 1 whenever stop bit following the
last data bit or parity bit is detected as 0
(spacing level).Indicates that a valid stop
bit was not found in the received
character.
5 PE Parity Error Indicator. In FIFO mode, this error is revealed to the
0 Reset to 0 whenever processor reads processor when the character this error is
UARTx_LSR. associated with is at the top of the FIFO.
1 Indicates that the received data Error causes a Receiver Line Status
character does not have the correct Interrupt.
parity as determined by the even parity
select bit (UARTx_LCR.[EPS]). Setto 1
upon detection of a parity error.
6 OE Overrun Error Indicator. In FIFO mode, if the incoming data
’ 0 Reset to 0 whenever processor reads continues to fill the FIFO beyond the trigger
UARTx_LSR. level, an OE occurs only after the FIFO is
1 Data in the RBR was read by the completely full and the entire next
processor before the next character was  character has been received in the receiver
transferred into the UARTX_RBR, hence  shift register. The processor is informed of
the original data was lost. the OE immediately upon occurrence. The
character in the shift register will be
overwritten and will not be transferred to
the FIFO. Error causes a Receiver Line
Status Interrupt.
7 DR Receiver Data Ready Indicator.

Note: UARTx_LSR is shown in standard PowerPC bit notation, where 0 is the MSb and 7 is the LSb.
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MMIO 0XEF600304, 0XEF600404
See “Modem Control Registers (UARTx_MCR)” on page 21-10.

UARTx_MCR

UART Modem Control Registers

LM OUT1 DTR

1 3 4
EREILHLRG

OuT2 RTS

Figure 25-189. UART Modem Control Registers (UARTx_MCR)

0:2 . Reserved Always 0.
3 LM Loopback Mode Provides a local loopback feature for diagnostic
0 Disabled testing of the UART. The following occurs:
1 Enabled 1. SOUT is set to the marking state (logic 1) SIN is
disconnected.
2. The output of the transmitter shift register feeds
the input of the receiver shift register.
3. The four modem control inputs DSR, CTS, RI,
and DCD are disconnected.
4. The four modem control outputs DTR, RTS,
OUT1, and OUT2 are set to a logic 1 (their
inactive state).
5. The four modem control outputs are connected
internally to the four modem control inputs.
Transmitted data is immediately received to verify
the UART transmit and receive data paths.
Receiver and transmitter interrupts are operational.
Their sources are external to the UART. Also
operational are the modem control interrupts, but
their source is the low-order 4 bits of UARTx_MCR
instead of the modem control inputs to the UART.
UARTX_IER still controls the interrupts.
4 OUT2 | User Output 2 Auxiliary user designated output.
0 OUT2 inactive (1)
1 OUT2 active (0)
5 OUT1 | User Output 1 Auxiliary user designated output.
0 OUTT inactive (1)
1 OUT1 active (0)
6 RTS Request To Send
0 RTS inactive (1)
1 RTS active (0)
7 DTR Data Terminal Ready
0 DTR inactive (1)
1 DTR active (0)

Note: UARTx_MCR is shown in standard PowerPC bit notation, where 0 is the MSb and 7 is the LSb.
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UARTx_MSR

UART Modem Status Registers

MMIO 0xEF600306, 0XEF600406
See “Modem Status Registers (UARTX_MSR)” on page 21-13.

CRI TERI

CCTS

DCTS

(o[ 1]2[3][4]5]6[7]

CDSR
CCD DDCD

DDSR

Figure 25-190. UART Modem Status Registers (UARTx_MSR)

0 DCD Data Carrier Detect In loopback mode (UARTx_MCRILB] is 1),
it is equivalent to UARTx_MCR[OUT2).
1 CRI Complement of Ring Indicator In loopback mode (UARTx_MCRILB] is 1),
it is equivalent to UARTx_MCR[OUT1].
2 CDSR | Complement of Data Set Ready In loopback mode (UARTx_MCRILB] is 1),
it is equivalent to UARTx_MCR[DTR].
3 CCTS | Complement of Clear To Send In loopback mode (UARTX_MCRILB] is 1),
it is equivalent to UARTX_MCRI[RTS].
4 DDCD | Delta Data Carrier Detect Indicates that the DCD input to the UART
0 Set when processor reads the Modem has changed state since the processor last
Status Register read the Modem Status Register. A modem
1 DCD input changed state status interrupt is generated.
5 TERI | Trailing Edge of Ring Indicator Indicates that the Rl input to the UART
0 Set when processor reads the Modem changed from 0 to 1 since the processor
Status Register last read the Modem Status Register. A
1 Rlinput changed from 0 to 1 modem status interrupt is generated.
6 DDSR | Delta Data Set Ready Indicates that the DSR input to the UART
0 Set when processor reads the Modem has changed state since the processor last
Status Register read the Modem Status Register. A modem
1 DSR input changed state status interrupt is generated.
7 DCTS | Delta Clear To Send Indicates that the CTS input to the UART
0 Set when processor reads the Modem has changed state since the processor last
Status Register read the Modem Status Register. A modem
1 CTS input changed state status interrupt is generated.

Note: UARTX_MSR is shown in standard PowerPC bit notation, where 0 is the MSb and 7 is the LSb.
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UARTx_RBR

UART Receiver Buffer Registers

MMIO 0xEF600300, 0XEF600400 Read-Only
See “Receiver Buffer Reaisters (UARTx RBR)” on paae 21-5.

(0 7]

Figure 25-191. UART Receiver Buffer Registers (UARTx_RBR)
l 0:7 | | Data bit

Note: UARTX_RBR is shown in standard PowerPC bit notation, where 0 is the MSb and 7 is the LSb.
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UARTx_SCR

UART Scratchpad Registers
MMIO 0xEF600307, 0XEF600407
See “Scratchpad Registers (UARTx_SCR)” on page 21-13.

[0 7]

Figure 25-192. Scratchpad Registers (UARTx_SCR)
| 0:7 L | Data bits

Note: UARTX_SCR is shown in standard PowerPC bit notation, where 0 is the MSb and 7 is the LSb.
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UARTx_THR

UART Transmitter Holding Registers
MMIO 0xEF600300, 0XEF600400 Write-Only
See “Transmitter Holding Registers (UARTx_THR)” on page 21-5.

[0 d

Figure 25-193. UART Transmitter Holding Registers (UARTx_THR)
ITﬂ | | Data bit

Note: UARTx_THR is shown in standard PowerPC bit notation, where 0 is the MSb and 7 is the LSb.
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Ul

UIC Critical Register

CO0_CR

DCR 0x0C3 .
See “UIC Critical Register (UICO_CR)” on page 10-8.

UoIC IICIC PCIIC D1IC D3IC MSIC MREIC MRDIC EPSIC PPMIC

EIR1C EIR3C EIR5C

24]25[26[27]28]29[30[31]

VSR S SN S SUNE SUNE SENE S T T
(O] 1]2[3[4][5[6]7]8]9[10[11[12[13[14[15[16[17[18[19
S T T

U1IT EMIC DOIC D2IC EWIC MTEICMTDIC ENIC ECIC

EIROC EIR2C EIR4C EIR6C

Figure 25-194. UIC Critical Register (UICO_CR)

uoic

UARTO Interrupt Class
0 UARTO interrupt is non-critical.
1 UARTO interrupt is critical.

uiiC

UART1 Interrupt Class
0 UART1 interrupt is non-critical.
1 UART1 interrupt is critical.

IICIC

IIC Interrupt Class
0 IIC interrupt is non-critical.
1 1IC interrupt is critical.

EMIC

External Master Interrupt Class
0 External master interrupt is non-critical.
1 External master interrupt is critical.

PCIIC

PCI Interrupt Class
0 PCl interrupt is non-critical.
1 PCl interrupt is critical.

DoIC

DMA Channel 0O Interrupt Class
0 DMA channel 0 interrupt is non-critical.
1 DMA channel 0 interrupt is critical.

D1IC

DMA Channel 1 Interrupt Class
0 DMA channe! 1 interrupt is non-critical.
1 DMA channe! 1 interrupt is critical.

D2IC

DMA Channel 2 Interrupt Class
0 DMA channel 2 interrupt is non-critical.
1 DMA channel 2 interrupt is critical.

D3IC

DMA Channel 3 Interrupt Class
0 DMA channel 3 interrupt is non-critical.
1 DMA channel 3 interrupt is critical.

EWIC

Ethernet Wake-up Interrupt Class

0 Ethernet wake-up interrupt is non-critical.

1 Ethernet wake-up interrupt is critical.

10

MSIC

MAL SERR Interrupt Class
0 MAL SERR interrupt is non-critical.
1 MAL SERR interrupt is critical.

11

MTEIC

MAL TX EOB Interrupt Class
0 MAL TX EOB interrupt is non-critical.
1 MAL TX EOB interrupt is critical.

25-252

PPC405GP User's Manual

Preliminary




UICO_CR (cont.)

UIC Critical Register

12

MREIC

MAL RX EOB Interrupt Class
0 MAL RX EOB interrupt is non-critical.
1 MAL RX EOB interrupt is critical.

13

MTDIC

MAL TX DE Interrupt Class
0 MAL TX DE interrupt is non-critical.
1 MAL TX DE interrupt is critical.

14

MRDIC

MAL RX DE Interrupt Class
0 MAL RX DE interrupt is non-critical.
1 MAL RX DE interrupt is critical.

15

EIC

Ethernet Interrupt Class
0 An Ethernet interrupt is non-critical.
1 An Ethernet interrupt is critical.

16

EPSIC

External PCI SERR Interrupt Class

0 External PCI SERR interrupt is non-
critical.

1 External PCI SERR interrupt is critical.

17

ECIC

ECC Correctable Error Interrupt Class

0 ECC correctable error interrupt is non-
critical.

1 ECC correctable error interrupt is critical.

18

PPMIC

PCI Power management Interrupt Class

0 PCI power management interrupt is non-
critical.

1 PCI power management interrupt is
critical.

19:24

Reserved

25

EIROC

External IRQ 0 Class

0 An external IRQ 0 interrupt is non-
critical.

1 An external IRQ 0 interrupt is critical.

26

EIR1C

External IRQ 1 Class

0 An external IRQ 1 interrupt is non-
critical.

1 An external IRQ 1 interrupt is critical.

27

EIR2C

External IRQ 2 Class

0 An external IRQ 2 interrupt is non-
critical.

1 An external IRQ 2 interrupt is critical.

28

EIR3C

External IRQ 3 Class

0 An external IRQ 3 interrupt is non-
critical.

1 An external IRQ 3 interrupt is critical.

29

EIR4C

External IRQ 4 Class

0 An external IRQ 4 interrupt is non-
critical.

1 An external IRQ 4 interrupt is critical.

Preliminary

Register Summary
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UICO_CR (cont.)

UIC Critical Register

30 EIRSC | External IRQ 5 Class
0 An external IRQ 5 interrupt is non-
critical.
1 An external IRQ 5 interrupt is critical.
31 EIR6C | External IRQ 6 Class

0 An external IRQ 6 interrupt is non-
critical.

1 An external IRQ 6 interrupt is critical.
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DCR 0x0C2
See “UIC Enable Register (UICO_ER)” on page 10-6.

UOIE IICIE PCIIE D1IE D3IE MSIE MREIE MRDIE EPSIE PPMIE

UICO_ER

UIC Interrupt Enable Register

EIR1E EIR3E EIRSE

[O]1[2[3[4[5]6]7[8]9[10[T1[12[13[14[15[16[17[18[19

" 24]25[26[27]28[29[30[31]

U1IE EMIE DOIE D2IE EWIE MTEIEMTDIE ENIE ECIE

EIROE EIR2E EIR4E EIR6E

Figure 25-195. UIC Enable Register (UICO_ER)

0 UOIE UARTO Interrupt Enable
0 UARTO interrupt is disabled.
1 UARTO interrupt is enabled.

1 U1IE UART1 Interrupt Enable
0 UART1 interrupt is disabled.
1 UART1 interrupt is enabled.

2 IICIE IIC Interrupt Enable
0 IIC interrupt is disabled.
1 1IC interrupt is enabled.

3 EMIE External Master Interrupt Enable
100 External master interrupt is disabled.
1 OxxExternal master interrupt is enabled.

4 PCIIE | PCl Interrupt Enable
0 PCl interrupt is disabled.

1 PCl interrupt is enabled.

5 DOIE DMA Channel 0 Interrupt Enable
0 DMA channel 0 interrupt is disabled.
1 DMA channel 0 interrupt is enabled.

6 D1IE DMA Channel 1 Interrupt Enable
0 DMA channel 1 interrupt is disabled.
1 DMA channel 1 interrupt is enabled.

7 D2IE DMA Channel 2 Interrupt Enable
0 DMA channel 2 interrupt is disabled.
1 DMA channel 2 interrupt is enabled.

8 D3IE DMA Channel 3 Interrupt Enable
0 DMA channel 3 interrupt is disabled.
1 DMA channel 3 interrupt is enabled.

9 EWIE Ethernet Wake-up Interrupt Enable
0 Ethernet wake-up interrupt is disabled.
1 Ethernet wake-up interrupt is enabled.

10 MSIE MAL SERR Interrupt Enable
0 MAL SERR interrupt is disabled.
1 MAL SERR interrupt is enabled.

Preliminary

Register Summary 25-255



- UICO_ER (cont.)

UIC Interrupt Enable Register

11

MTEIE

MAL TX EOB Interrupt Enable
0 MAL TX EOB interrupt is disabled.
1 MAL TX EOB interrupt is enabled.

12

MREIE

MAL RX EOB Interrupt Enable
0 MAL RX EOB interrupt is disabled.
1 MAL RX EOB interrupt is enabled.

13

MTDIE

MAL TX DE Interrupt Enable
0 MAL TX DE interrupt is disabled.
1 MAL TX DE interrupt is enabled.

14

MRDIE

MAL RX DE Interrupt Enable
0 MAL RX DE interrupt is disabled.
1 MAL RX DE interrupt is enabled.

15

EIE

Ethernet Interrupt Enable
0 An Ethernet interrupt is disabled.
1 An Ethernet interrupt is enabled.

16

EPSIE

External PCI SERR interrupt Enable

0 External PCI SERR interrupt is disabled.
1 External PCI SERR interrupt is enabled.

17

ECIE

ECC Correctable Error Interrupt Enable

0 ECC correctable error interrupt is
disabled.

1 ECC correctable error interrupt is
enabled.

18

PPMI

PCI Power management Interrupt Enable

0 PCI power management interrupt is
disabled.

1 PCI power management interrupt is
enabled.

19:24

Reserved

25

EIROE

External IRQ 0 Enable
0 An external IRQ 0 interrupt is disabled.
1 An external IRQ 0 interrupt is enabled.

26

EIR1E

External IRQ 1 Enable -
0 An external IRQ 1 interrupt is disabled.
1 An external IRQ 1 interrupt is enabled.

27

EIR2E

External IRQ 2 Enable
0 An external IRQ 2 interrupt is disabled.
1 An external IRQ 2 interrupt is enabled.

28

EIR3E

External IRQ 3 Enable
0 An external IRQ 3 interrupt is disabled.
1 An external IRQ 3 interrupt is enabled.

29

EIR4E

External IRQ 4 Enable
0 An external IRQ 4 interrupt is disabled.
1 An external IRQ 4 interrupt is enabled.

30

EIRSE

External IRQ 5 Enable
0 An external IRQ 5 interrupt is disabled.
1 An external IRQ 5 interrupt is enabled.
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UICO_ER (cont.)

UIC Interrupt Enable Register

EIR6E | External IRQ 6 Enable
0 An external IRQ 6 interrupt is disabled.
1 An external IRQ 6 interrupt is enabled.
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UICO_MSR

UIC Masked Status Register
DCR 0x0C6 Read-Only
See “UIC Masked Status Register (UICO_MSR)” on page 10-16.

UloS IICIS PCIIS D1IS D3IS MSIS MREIS MRDIS EPSIS PPMIS EIR1S EIR3S EIRSS

(O] 1]2]3[4]5][6] 7] 8] 9[10[11[12[13[14[15[16[17[18[19 4[25]26[27]28[29]30[31)

UNMS EMIS DOIS D2IS EWIS MTEISMTDIS ENIS ECIS EIROS EIR2S EIR4S EIR6S

Figure 25-196. UIC Masked Status Register (UICO_MSR)

0 uois UARTO Masked Interrupt Status
0 A UARTO interrupt has not occurred.
1 A UARTO interrupt occurred.

1 u1Is UART1 Masked Interrupt Status
0 A UART1 interrupt has not occurred.
1 A UART1 interrupt occurred.

2 IICIS 1IC Masked Interrupt Status
0 An IIC interrupt has not occurred.
1 An lIC interrupt occurred.

3 EMIS External Master Masked Interrupt Status
0 An external master interrupt has not
occurred.
1 An external master interrupt occurred.
4 PCIIS PCl Masked Interrupt Status

0 A PClinterrupt has not occurred.
1 A PCl interrupt occurred.

5 DoIS DMA Channel 0 Masked Interrupt Status

0 A DMA channel 0 interrupt has not
occurred.

1 A DMA channel 0 interrupt occurred.

6 D1IS DMA Channel 1 Masked Interrupt Status

0 A DMA channel 1 interrupt has not
occurred.

1 A DMA channel 1 interrupt occurred.

7 D2IS DMA Channel 2 Masked Interrupt Status

0 A DMA channel 2 interrupt has not
occurred.

1 A DMA channel 2 interrupt occurred.

8 D3IS DMA Channel 3 Masked Interrupt Status

0 A DMA channel 3 interrupt has not
occurred.

1 A DMA channel 3 interrupt occurred.
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UICO_MSR (cont.)

UIC Masked Status Register

EWIS

Ethernet Wake-up Masked Interrupt Status

0 An Ethernet wake-up interrupt has not
occurred.

1 An Ethernet wake-up interrupt occurred.

10

MSIS

MAL SERR Masked Interrupt Status
0 A MAL SERR interrupt has not occurred.
1 A MAL SERR interrupt occurred.

1

MTEIS

MAL TX EOB Masked Interrupt Status

0 A MAL TX EOB interrupt has not
.occurred.

1 A MAL TX EOB interrupt occurred.

12

MREIS

MAL RX EOB Masked Interrupt Status

0 A MAL RX EOB interrupt has not
occurred.

1 A MAL RX EOB interrupt occurred.

13

MTDIS

MAL TX DE Masked Interrupt Status

0 A MAL TX DE interrupt has not occurred.

1 A MAL TX DE interrupt occurred.

14

MRDIS

MAL RX DE Masked Interrupt Status

0 A MAL RX DE interrupt has not occurred.

1 A MAL RX DE interrupt occurred.

15

EIS

Ethernet Masked Interrupt Status
0 An Ethernet interrupt has not occurred.
1 An Ethernet interrupt occurred.

16

EPSIE

External PCI SERR Masked Interrupt

Status -

0 An external PCI SERR interrupt has not
occurred.

1 An external PCl SERR interrupt
occurred.

17

ECIS

ECC Correctable Error Masked Interrupt

Status

0 An ECC correctable error interrupt did
not occur.

1 An ECC correctable error interrupt
occurred.

18

PPMIS

PCI Power Management Masked Interrupt

Status

0 A PCI power management interrupt did
not occur.

1 A PCI power management interrupt
occurred.

19:24

Reserved

25

EIROE

External IRQ 0 Masked Status

0 An external IRQ 0 interrupt has not
occurred.

1 An external IRQ 0 interrupt occurred.

Prelim'inary

Register Summary
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UICO_MSR (cont.)

UIC Masked Status Register

26

EIR1S

External IRQ 1 Masked Status
0 An external IRQ 1 interrupt has not
occurred.

1 An external IRQ 1 interrupt occurred.

27

EIR2S

External IRQ 2 Masked Status
0 An external IRQ 2 interrupt has not
occurred.

1 An external IRQ 2 interrupt occurred.

28

EIR3S

External IRQ 3 Masked Status
0 An external IRQ 3 interrupt has not
occurred.

1 An external IRQ 3 interrupt occurred.

29

EIR4S

External IRQ 4 Masked Status
0 An external IRQ 4 interrupt has not
occurred.

1 An external IRQ 4 interrupt occurred.

30

EIR5S

External IRQ 5 Masked Status
0 An external IRQ 5 interrupt has not
occurred.

1 An external IRQ 5 interrupt occurred.

31

EIR6S

External IRQ 6 Masked Status
0 An external IRQ 6 interrupt has not
occurred.

1 An external IRQ 6 interrupt occurred.
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DCR 0x0C4
See “UIC Polarity Register (UICO_PR)” on page 10-10.

UIOP IICIP PCIIP D1IP D3IP MSIP MREIP MRDIP EPSIP PPMIP

UICO_PR

UIC Polarity Register

EIR1P EIR3P EIR5P

[O]1]2[3[4[5[6[7]8[9[10[11[12[13[14]15[16[17[18]19

24]25[26[27]28]29[30[31]

UIMP EMIP DOIP D2IP EWIP MTEIPMTDIP ENIP ECIP

EIROP EIR2P EIR4P EIR6P

Figure 25-197. UIC Polarity Register (UICO_PR)

UoIP

UARTO Interrupt Polarity
0 UARTO interrupt has negative polarity.
1 UARTO interrupt has positive polarity.

Must be set to 1.

U1IP

UART1 Interrupt Polarity
0 UART1 interrupt has negative polarity.
1 UART1 interrupt has positive polarity.

Must be set to 1.

liCIP

IIC Interrupt Polarity
0 IIC interrupt has negative polarity.
1 1IC interrupt has positive polarity.

Must be set to 1.

EMIP

External Master Interrupt Polarity
0 External master interrupt has negative polarity.
1 External master interrupt has positive polarity.

Must be set to 1.

PCIIP

PCI Interrupt Polarity
0 PCl interrupt has negative polarity.
1 PCl interrupt has positive polarity.

Must be setto 1.

Doip

DMA Channel 0 Interrupt Polarity
0 DMA channel 0 interrupt has negative polarity.
1 DMA channel 0 interrupt has positive polarity.

Must be set to 1.

D1IP

DMA Channel 1 Interrupt Polarity
0 DMA channel 1 interrupt has negative polarity.
1 DMA channel 1 interrupt has positive polarity.

‘Must be setto 1.

D2IP

DMA Channel 2 Interrupt Polarity
0 DMA channel 2 interrupt has negative polarity.
1 DMA channel 2 interrupt has positive polarity.

Must be set to 1.

D3IP

DMA Channel 3 Interrupt Polarity
0 DMA channel 3 interrupt has negative polarity.
1 DMA channel 3 interrupt has positive polarity.

Must be set to 1.

EWIP

Ethernet Wake-up Interrupt Polarity
0 Ethernet wake-up interrupt has negative polarity.
1 Ethernet wake-up interrupt has positive polarity.

Must be set to 1.

10

MSIP

MAL SERR Interrupt Polarity
0 MAL SERR interrupt has negative polarity.
1 MAL SERR interrupt has positive polarity.

Must be set to 1.

11

MTEIP

MAL TX EOB Interrupt Polarity
0 MAL TX EOB interrupt has negative polarity.
1 MAL TX EOB interrupt has positive polarity.

Must be set to 1.

Preliminary

Register Summary
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UICO_PR (cont.)

UIC Polarity Register

12

MREIP

MAL RX EOB Interrupt Polarity
0 MAL RX EOB interrupt has negative polarity.
1 MAL RX EOB interrupt has positive polarity.

Must be set to 1.

13

MTDIP

MAL TX DE Interrupt Polarity
0 MAL TX DE interrupt has negative polarity.
1 MAL TX DE interrupt has positive polarity.

Must be set to 1.

14

MRDIP

MAL RX DE Interrupt Polarity
0 MAL RX DE interrupt has negative polarity.
1 MAL RX DE interrupt has positive polarity.

Must be set to 1.

15

EIP

Ethernet Interrupt Polarity
0 An Ethernet interrupt has negative polarity.
1 An Ethernet interrupt has positive polarity.

Must be set to 1.

16

EPSIP

External PCI SERR Interrupt Polarity

0 External PCI SERR interrupt has negative
polarity. ’

1 External PCl SERR interrupt has positive
polarity.

Must be set to 1.

17

ECIP

ECC Correctable Error Interrupt Polarity

0 ECC correctable error interrupt has negative
polarity.

1 ECC correctable error interrupt has positive
polarity.

Must be set to 1.

18

PPMIC

PCI Power management Interrupt Class

0 PCI power management interrupt has negative
polarity.

1 PCI power management interrupt has positive
polarity.

Must be set to 1.

19:24

Reserved

25

EIROP

External IRQ 0 Polarity
0 An external IRQ 0 interrupt has negative polarity.
1 An external IRQ 0 interrupt has positive polarity.

26

EIR1P

External IRQ 1 Polarity
0 An external IRQ 1 interrupt has negative polarity.
1 An external IRQ 1 interrupt has positive polarity.

27

EIR2P

External IRQ 2 Polarity
0 An external IRQ 2 interrupt has negative polarity.
1 An external IRQ 2 interrupt has positive polarity.

28

EIR3P

External IRQ 3 Polarity
0 An external IRQ 3 interrupt has negative polarity.
1 An external IRQ 3 interrupt has positive polarity.

29

EIR4P

External IRQ 4 Polarity
0 An external IRQ 4 interrupt has negative polarity.
1 An external IRQ 4 interrupt has positive polarity.

30

EIR5P

External IRQ 5 Polarity
0 An external IRQ 5 interrupt has negative polarity.
1 An external IRQ 5 interrupt has positive polarity.
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UICO_PR (cont.)

UIC Polarity Register

EIR6P | External IRQ 6 Polarity
0 An external IRQ 6 interrupt has negative polarity.
1 An external IRQ 6 interrupt has positive polarity.
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UICO_SR

UIC Status Register
DCR 0x0C0 Read/Clear
See “UIC Status Register (UICO_SR)” on page 10-3.

UI0S IICIS PCIIS D1IS D3IS MSIS MREIS MRDIS EPSIS PPMIS

[O[T[2]3[4]5]6]7]8]9[10[11[12[13[14]15[16][17]18[18

Ul1S EMIS DoIS D2IS EWIS MTEISMTDIS ENIS ECIS

EIR1S EIR3S EIR5S

24]25]26[27] 28] 29[30[31)

EIROS EIR2S EIR4S EIR6S

Figure 25-198. UIC Status Register (UICO_SR)

0 uois UARTO Interrupt Status
0 A UARTO interrupt has not occurred.
1 A UARTO interrupt occurred.

1 u1ls UART1 Interrupt Status
0 A UART1 interrupt has not occurred.
1 A UART1 interrupt occurred.

2 IICIS IIC Interrupt Status
0 An lIC interrupt has not occurred.
1 An lIC interrupt occurred.

3 EMIS External Master Interrupt Status
0 An external master interrupt has not
occurred.
1 An external master interrupt occurred.
4 PClIS PCI Interrupt Status .

0 A PCl interrupt has not occurred.
1 A PCl interrupt occurred.

5 Dols DMA Channel 0 Interrupt Status

0 A DMA channel 0 interrupt has not
occurred.

1 A DMA channel 0 interrupt occurred.

6 D1IS DMA Channel 1 Interrupt Status

0 A DMA channel 1 interrupt has not
occurred.

1 A DMA channel 1 interrupt occurred.

7 D2IS DMA Channel 2 Interrupt Status

0 A DMA channel! 2 interrupt has not
occurred.

1 A DMA channel 2 interrupt occurred.

8 D3IS DMA Channel 3 Interrupt Status
0 A DMA channel 3 interrupt has not
occurred.

1 A DMA channel 3 interrupt occurred.

9 EWIS Ethernet Wake-up Interrupt Status

0 An Ethernet.wake-up interrupt has not
occurred.

1 An Ethernet wake-up interrupt occurred.
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UICO_SR (cont.)

UIC Status Register

10

MSIS

MAL SERR Interrupt Status
0 A MAL SERR interrupt has not occurred.
1 A MAL SERR interrupt occurred.

11

MTEIS

MAL TX EOB Interrupt Status

0 A MAL TX EOB interrupt has not
occurred.

1 AMAL TX EOB interrupt occurred.

12

MREIS

MAL RX EOB Interrupt Status

0 A MAL RX EOB interrupt has not
occurred.

1 A MAL RX EOB interrupt occurred.

13

MTDIS

MAL TX DE Interrupt Status
0 A MAL TX DE interrupt has not occurred.
1 AMAL TX DE interrupt occurred.

14

MRDIS

MAL RX DE Interrupt Status
0 A MAL RX DE interrupt has not occurred.
1 A MAL RX DE interrupt occurred.

15

EIS

Ethernet Interrupt Status
0 An Ethernet interrupt has not occurred.
1 An Ethernet interrupt occurred.

16

EPSIS

External PCI SERR Interrupt Status

0 An external PCI SERR interrupt has not
occurred.

1 An external PCI SERR interrupt
occurred. .

17

ECIS

ECC Correctable Error Interrupt Status

0 An ECC correctable error interrupt did
not occur.

1 An ECC correctable error interrupt
occurred.

18

PPMIS

PCI Power Management Interrupt Status

0 A PCI power management interrupt did
not occur.

1 A PCI power management interrupt
occurred.

19:24

Reserved

25

EIROS

External IRQ 0 Status

0 An external IRQ 0 interrupt has not
occurred.

1 An external IRQ 0 interrupt occurred.

26

EIR1S

External IRQ 1 Status

0 An external IRQ 1 interrupt has not
occurred.

1 An external IRQ 1 interrupt occurred.

27

EIR2S

External IRQ 2 Status

0 An external IRQ 2 interrupt has not
occurred.

1 An external IRQ 2 interrupt occurred.

Preliminary Register Summary
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UICO_SR (cont.)

UIC Status Register

28

EIR3S

External IRQ 3 Status
0 An external IRQ 3 interrupt has not
occurred.

1 An external IRQ 3 interrupt occurred.

29

EIR4S

External IRQ 4 Status
0 An external IRQ 4 interrupt has not
occurred.

1 An external IRQ 4 interrupt occurred.

30

EIR5S

External IRQ 5 Status
0 An external IRQ 5 interrupt has not
occurred.

1 An external IRQ 5 interrupt occurred.

31

EIR6S

External IRQ 6 Status
0 An external IRQ 6 interrupt has not
occurred.

1 An external IRQ 6 interrupt occurred.
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DCR 0x0Cs

See “UIC Trigger Register (UICO_TR)” on page 10-13.

UIOT ICIT PCIT D1IT D3IT MSIT MREIT MRDIT EPSIT PPMIT

UICO_TR

UIC Triggering Register

EIR1T EIR3T EIR5T

[O[1[2[3[4[5[6[7[8[9[10[T1[12[13[14[15[16[17[18][19

~ 24]25[26]27[28[29[30[31)

UNT EMIT DOIT D2IT EWIT MTEITMTDIT ENIT ECIT

T

T

EIROT EIR2T EIR4T EIR6T

Figure 25-199. UIC Trigger Register (UICO_TR)

0 vaIt

UARTO Interrupt Trigger
0 UARTO interrupt is level-sensitive.

1 UARTO interrupt is edge-sensitive.

Must be setto 0.

1 Uit

UART1 Interrupt Trigger
0 UART1 interrupt is level-sensitive.

1 UART1 interrupt is edge-sensitive.

Must be set to 0.

2 eI

IIC Interrupt Trigger
0 IIC interrupt is level-sensitive.
1 1IC interrupt is edge-sensitive.

Must be set to 0.

3 EMIT

External Master Interrupt Trigger

0 External master interrupt is level-
sensitive.

1 External master interrupt is edge-
sensitive.

Must be set to 1.

4 PCIT

PCI Interrupt Trigger
0 PCl interrupt is level-sensitive.
1 PCl interrupt is edge-sensitive.

Must be set to 0.

5 DoIT

DMA Channel O Interrupt Trigger

0 DMA channel O interrupt is level-
sensitive.

1 DMA channe! 0 interrupt is edge-
sensitive.

Must be set to 0.

6 DT

DMA Channel 1 Interrupt Trigger

0 DMA channel 1 interrupt is level-
sensitive.

1 DMA channel 1 interrupt is edge-
sensitive.

Must be set to 0.

7 p2IT

DMA Channel 2 Interrupt Trigger

0 DMA channel 2 interrupt is level-
sensitive.

1 DMA channel 2 interrupt is edge-
sensitive.

Must be set to 0.

8 D3IT

DMA Channel 3 Interrupt Trigger

0 DMA channel 3 interrupt is level-
sensitive.

1 DMA channel 3 interrupt is edge-
sensitive.

Must be set to 0.

Preliminary
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UICO_TR (cont.)

UIC Triggering Register

9

EWIT

Ethernet Wake-up Interrupt Trigger

0 Ethernet wake-up interrupt is level-
sensitive. .

1 Ethernet wake-up interrupt is edge-
sensitive.

Must be set to 0.

10

MSIT

MAL SERR Interrupt Trigger
0 MAL SERR interrupt is level-sensitive.
1 MAL SERR interrupt is edge-sensitive.

Must be set to 0.

11

MTEIT

MAL TX EOB Interrupt Trigger
0 MAL TX EOB interrupt is level-sensitive.

1 MAL TX EOB interrupt is edge-sensitive.

Must be set to 0.

12

MREIT

MAL RX EOB Interrupt Trigger
0 MAL RX EOB interrupt is level-sensitive.

1 MAL RX EOB interrupt is edge-sensitive.

Must be set to 0.

13

MTDIT

MAL TX DE Interrupt Trigger
0 MAL TX DE interrupt is level-sensitive.
1 MAL TX DE interrupt is edge-sensitive.

Must be set to 0.

14

MRDIT -

MAL RX DE Interrupt Trigger
0 MAL RX DE interrupt is level-sensitive.
1 MAL RX DE interrupt is edge-sensitive.

Must be set to 0.

15

EIT

Ethernet Interrupt Trigger
0 An Ethernet interrupt is level-sensitive.
1 An Ethernet interrupt is edge-sensitive.

Must be set to 0.

16

EPSIT

External PCI SERR Interrupt Trigger

0 External PCI SERR interrupt is level-
sensitive.

1 External PCI SERR interrupt is edge-
sensitive.

Must be set to 0.

17

ECIT

ECC Correctable Error Interrupt Trigger
0 ECC correctable error interrupt is level-
sensitive.

-1 ECC correctable error interrupt is edge-

sensitive.

Must be set to 0.

18

PPMIT

PCI Power management Interrupt Trigger.

0 PCI power management interrupt is
level-sensitive.

1 PCI power management interrupt is
edge-sensitive.

Must be set to 0.

19:24

Reserved

25

External IRQ 0 Trigger

0 An external IRQ 0 interrupt is level-
sensitive.

1 An external IRQ 0 interrupt is edge-
sensitive.
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UICO_TR (cont.)

UIC Triggering Register

26

EIR1T

External IRQ 1 Trigger

0 An external IRQ 1 interrupt is level-
sensitive.

1 An external IRQ 1 interrupt is edge-
sensitive.

27

EIR2T

External IRQ 2 Trigger

0 An external IRQ 2 interrupt is level-
sensitive.

1 An external IRQ 2 interrupt is edge-
sensitive.

28

EIR3T

External IRQ 3 Trigger

0 An external IRQ 3 interrupt is level-
sensitive.

1 An external IRQ 3 interrupt is edge-
sensitive.

29

EIR4T

External IRQ 4 Trigger

0 An external IRQ 4 interrupt is level-
sensitive.

1 An external IRQ 4 interrupt is edge-
sensitive.

30

EIR5T

External IRQ 5 Trigger

0 An external IRQ 5 interrupt is level-
sensitive.

1 An external IRQ 5 interrupt is edge-
sensitive.

31

EIR6T

External IRQ 6 Trigger

0 An external IRQ 6 interrupt is level-
sensitive.

1 An external IRQ 6 interrupt is edge-
sensitive.
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UICO_VCR

UIC Vector Configuration Register

DCR 0x0C8 Write-Only
See “UIC Vector Configuration Register (UICO_VCR)” on page 10-18.

VBA

v

ro 29{39! 31
PRO
Figure 25-200. UIC Vector Configuration Register (UICO_VCR)
0:29 J VBA | Vector Base Address
30 Reserved
31 PRO | Priority Ordering
0 UICO_SR[0] is the highest priority
interrupt.
1 UICO_SR[31] is the highest priority
interrupt.
Note: Vector generation is not performed
for non-critical interrupts.
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UICO_VR

UIC Vector Hegiste‘r
DCR 0x0C7 Read-Only
See “UIC Vector Register (UICO_VR)" on page 10-19.
[0 31]

Figure 25-201. UIC Vector Register (UICO_VR)

Iﬁ1 T | Interrupt Vector 4'
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USPRGO

User Special Purpose Register General 0

SPR 0x100 (User R/W)
See “Special Purpose Register General (SPRG0-SPRG7)” on page 3-11.

[0

3

Figure 25-202. User SPR General 0 (USPRGO)

' 0:31 ‘ ! General data Software value; no hardware usage.
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XER

Fixed Point Exception Register
SPR 0x001
See "Fixed Point Exception Register (XER)” on page 3-8.

SO CA TBC

[o]1]2]3 : , - 24]25 31]

Figure 25-203. Fixed Point Exception Register (XER)

0 SO Summary Overflow Can be setby mtspr or by using “0” form
0 No overflow has occurred. instructions; can be reset by mtspr or by
1 Overflow has occurred. merxr.
1 ov Overflow Can be set by mtspr or by using “o” form
0 No overflow has occurred. instructions; can be reset by mtspr, by
0 Overflow has occurred. merxr, or “o” form instructions.
2 CA Carry Can be set by mtspr or arithmetic
0 Carry has not occurred. instructions that update the CA field; can
1 Carry has occurred. be reset by mtspr, by merxr, or by
arithmetic instructions that update the CA
field.
324 | " ‘| Reserved
25:31 | TBC | Transfer Byte Count Used by Iswx and stswx; written by mtspr.
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ZPR

Zone Protection Register
SPR 0x3B0
See “Zone Protection” on page 6-13.

Z0 Z2 Z4 Z6 Z8 Z10 Z12 Z14

[0 1]2 3[4 5]6 7[8 9[10 1112 13]14 15[16 17|18 19]20 21[22 2324 25|26 2728 29]30 31|

Z1 Z3 Z5 z7 Z9 Z11 Z13 215

Figure 25-204. Zone Protection Register (ZPR)

0:1 Z0 | TLB page access control for all pages In this zone.

In the problem state (MSR[PR] = 1): In the supervisor state (MSR[PR] = 0):

00 No access 00 Access controlled by applicable

01, Access controlled by applicable TLB_entry[EX, WR]
TLB_entry[EX, WR) 01 Access controlled by applicable

10 Access controlled by applicable TLB_entry[EX, WR]
TLB_entry[EX, WR] 10 Access controlled by applicable

11 Accessed as if execute and write TLB_entry[EX, WR]
permissions (TLB_entry[EX, WR]) are 11 Accessed as if execute and write
granted. permissions (TLB_entry[EX, WR]) are

granted.

2:3 Z1 See the description of Z0.

4:5 z2 See the description of Z0.

6:7 Z3 See the description of Z0.

8:9 24 See the description of Z0. -

10:11 Z5 See the description of Z0.

12:13 Z6 See the description of Z0.

14:15 z7 See the description of Z0.

16:17 Z8 See the description of Z0.

18:19 29 See the description of Z0.

20:21 | Z10 | See the description of Z0.

22:23 | Z11 | See the description of Z0.

24:25 | Z12 | See the description of Z0.

26:27 | Z13 | See the description of Z0.

28:29 | Z14 | See the description of Z0.

30:31 Z15 | See the description of Z0.
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Chapter 26. Signal Summary
This chapter provides detailed information on the PPC405GP 1/0O signals.

26.1 Signals Listed Alphabetically

Table 26-1 lists the PPC405GP signals in alphabetical order. For each signal there is an indication of
the interface group to which it belongs and a page reference to the description of the signal in
Table 26-2, “Signal Descriptions,” on page 26-5.

Multiplexed signals are shown in brackets following the first signal name assigned to each multiplexed
ball (for example, IRQ0:6[GP1017:23]). Active-low signals are shown with an overbar on the signal
name (for example, ExtAck). .

Table 26-1. Alphabetical Signal List

Signal Name Interface Page
BA1:0 | SDRAM 26-7
BankSel0:3 SDRAM 26-7
BusReq External Master Peripheral 26-8
CAS SDRAM _ 26-7
CIkEnO:1 SDRAM 26-7
DMAACck0:3 External Slave Peripheral 26-8
DMAReq0:3 External Slave Peripheral 26-8
DQMO:3 SDRAM 26-7
baMCB SDRAM ‘ 26-7
Drvrlnh1:2 System 26-10
ECCO0:7 SDRAM 26-7
EMCMDCIk Ethernet 26-6
EQTO0:3[TCO0:3] External Slave Peripheral 26-8
EMCMDIO[PHYMDIO] Ethernet 26-7
EMCTxDO0:3 Ethernet 26-6
EMCTXEn Ethernet 26-6
EMCTXErr Ethernet 26-6
ExtAck External Master Peripheral 26-8
ExtReq External Master Peripheral 26-8
ExtReset External Master Peripheral | 268
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26-2

Table 26-1. Alphabetical Signal List

Signal Name Interface Page
GPIO1:2[TS1E:TS2E] System 26-2
GPIO3:4[TS10:TS2Q] System 26-2
GPI05:8[TS3:6] System 26-2 -
GPIO9[TrcClK] System 26-2
Halt System 26-9
HoldAck External Master Peripheral 26-8
HoldPri External Master Peripheral 26-8
HoldReq External Master Peripheral 26-8
IICSCL Internal Peripheral 26-9
IICSDA Internal Peripheral 26-9
IRQO:6[GPI017:23] Interrupts 26-2
MemAddr0:12 SDRAM 26-7
MemClkOut0:1 SDRAM 26-7
MemData0:31 SDRAM 26-7
PCIADO:31 PCI 26-5
PCIC0:3[BE0:3) PCI 26-5
PCICIk PCI 26-5
PClIDevSel PCI 26-5
PCIIDSel PCI 26-5
PClFrame PCI 26-5
PCIGntO[Req] PCI 26-6
PCIGnti:5 PCI 26-6
PCIINT[PerWE] PCI 26-6
PCIIRDY PCI 26-5
PClParity PCI 26-5
PCIPErr PCI 26-5
PCIReq0[Gnt] PCI 26-6
PCIReq15 PCI 26-6
PClIReset PCI 26-5
PCISErr PCI 26-5
PCIStop PCI 26-5
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Table 26-1. Alphabetical Signal List

Signal Name Interface Page
PCITRDY PCI 26-5
PerAddr0:31 External Slave Peripheral 26-7
PerBLast External Slave Peripheral 26-8
PerClk External Master Peripheral 26-8
PerCSO External Slave Peripheral 26-7
PerCS1:7[GPIO10:16] External Slave Peripheral . 26-3
PerData0:31 External Slave Peripheral 26-7
PerErr External Master Peripheral 26-8
PerOE External Slave Peripheral 1 26-7
PerPar0:3 External Slave Peripheral 26-7
PerReady External Slave Peripheral 26-8
PerR/W External Slave Peripheral 26-8
PerWBED:3 External Slave Peripheral 26-7
PHYCol Ethernet 26-6
PHYRxClk Ethernet 26-6
PHYCrS Ethernet 26-6
PHYRxDO0:3 Ethernet 26-6
PHYRxDV Ethernet 26-6
PHYRXErr Ethernet 26-6
PHYTxCIk Ethernet 26-6
RAS SDRAM 26-7
Rcvrinh System 26-10
SysClk System 26-9
SysErr System 26-9
SysReset System 26-9
TCK JTAG 26-9
TDI JTAG 26-9
TDO JTAG 26-9
TestEn System 26-10
TmrClk System 26-10
T™MS JTAG 26-9
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26-4

Table 26-1. Alphabetical Signal List

Signal Name Interface Page
TRST JTAG 26-9
UARTO_CTS Internal Peripheral 26-9
UARTO_DCD Internal Peripheral 26-9
UARTO_DSR Internal Peripheral 26-9
UARTO_DTR Internal Peripheral 26-9
UARTO_RI Internal Peripheral 26-9
UARTO_RTS Internal Peripheral 26-9
UARTO_Rx Internal Peripheral 26-8
UARTO_Tx Internal Peripheral 26-8
UART1_DSR[UART1_CTS]) Internal Peripheral 26-9
UARTT_RTS[UARTI_DTR] | Internal Peripheral 26-9
UART1_Rx Internal Peripheral 26-9
UART1_Tx Internal Peripheral 26-9
UARTSerClk Internal Peripheral 26-8
WE SDRAM 26-7
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26.2 Signal Descriptions

Each I/O signal is listed with the other signals in the same interface group.

Multiplexed signals are shown in brackets following the first signal name assigned to each multiplexed
ball (for example, IRQ0:6[GP1017:23]). Active-low signals are shown with an overbar on the signal
name (for example, ExtAck). :

Table 26-2. Signal Descriptions

Signal Name 110 Function
PCl Interface
PCIADO:31 /0 PCI Address/Data Bus. Multiplexed address and data bus
PCIC0:3[BEOQ:3] /0 | PCI C (bus command)
g;(te enable
PClIParity I/O | PClI parity. Parity is even across PCIAD0:31 and PCIC0:3[BED:3].

PClParity is valid one cycle after either an address or data phase.
The PCI device that drives PCIADOQ:31 is responsible for driving
PCIParity on the next PCI bus clock.

PClFrame 1/0 { PCIFrame is driven by the current PCI bus master to indicate
beginning and duration of a PCI access.

PCIIRDY 1/0 PCIIRDY is driven by the current PCI bus master. Assertion of
PCIIRDY indicates that the PCl initiator is ready to transfer data.

PCITRDY /0 | The target of the current PCI transaction drives PCITRDY. Assertion
of PCITRDY indicates that the PCI target is ready to transfer data.

PCIStop /O | The target of the current PCI transaction may assert PCIStop to
indicate to the requesting PCI master that it wants to end the current
transaction.

PCIDevSel I/O | PCIDevSel is driven by the target of the current PCI transaction. A

PCI target asserts PCIDevSel when it has decoded an address and
command encoding and claims the transaction.

PCIIDSel | PCIIDSel is used during configuration cycles to select the PCI slave
interface for configuration

PCISErr I/0 | PCISErris used for reporting address parity errors or catastrophic
failures detected by a PCI target.

PCIPErr /0 | PCIPErr is used for reporting data parity errors on PCI transactions.
PCIPErr is driven active by the device receiving PCIAD0:31,
PCICO0:3[BED:3], and PCIParity, two PCI clocks following the data in
which bad parity is detected.

PCICIk | PCICIk is used as the asynchronous PCI clock when in Async mode.
It is unused when the PCl interface is operated synchronously with
the PLB bus.

PCIReset (0] PClI specific reset
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Table 26-2. Signal Descriptions (continued)

Signal Name /0 Function

PCIINT[PerWE] o) PCl interrupt
or
Peripheral write enable. Logical AND of the four PerWBEO:3 write
byte enables

PCIReqO[Gnt] | PCIReq0 when internal arbiter is used
or
Gnt when external arbiter is used.

PCIReq1:5 | PCIReq1:5 input when internal arbiter is used

PCIGnt0[Req] (o] PCIGnt0 when internal arbiter is used
or
Req when external arbiter is used.

PCIGnt1:5 o} PCIGnt1:5 output when internal arbiter is used.

Ethernet Interface

PHYRxD3:0 | Received data. A nibble-wide bus from the physical layer device
(PHY). The data is synchronous with the PHYRxXCIk.

EMCTxD3:0 (6] Transmit data. A nibble-wide bus towards the network. The data is
synchronous to the PHYTxClk.

PHYRXErr | Receive Error. This signal comes from the PHY and is synchronous
with the PHYRXClk.

PHYRxClk | Receiver Medium clock. This signal is generated by the PHY.

PHYRxDV | Receive Data Valid. Data on the Data Bus is valid when this signal is
activated. Deassertion of this signal indicates end of the frame
reception.

PHYCrS | Carrier Sense signal from the PHY. This is an asynchronous signal.

EMCTxErr o} Transmit Error. This signal is driven by EMAC and is connected to the
PHY. This signal informs the PHY that an error was detected. This
signal is synchronous to the PHYTxClk.

EMCTXEn (0] Transmit Data Enabled. EMCTXEn! is driven by EMAC to the PHY.
Data is valid during the active state. Deassertion of EMCTXEn
indicates end of frame transmission. This signal is synchronous to
the PHYTxCIk. -

PHYTxClk | This clock comes from the PHY and is the Medium Transmit clock.

PHYCol | Collision signal from the PHY. This is an asynchronous signal.

EMCMDCIlk (0] Management Data Clock. The EMCMDClk is sourced to the PHY.
This clock has a period of 400 ns. EMCMDCIk is derived from the
OPB frequency. EMACO_STACR[OPBC] must be set appropriately.
Management information is transferred synchronously with respect
to this clock.
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Table 26-2. Signal Descriptions (continued)

Signal Name /0 Function

EMCMDIO[PHYMDIO] I/0 | Management Data Input/Output is a bidirectional signal between
EMAC and the PHY. It is used to transfer control and status
information.

SDRAM Interface

MemData0:31 /0 | Memory data bus

MemAddr0:12 (0] Memaory address bus

BA1:0 o Bank Address supporting up to 4 internal banks

RAS O | Row Address Strobe

CAS O | Column Address Strobe

DQMO0:3 (0] DQM for byte lanes 0, 1, 2, and 3.

DQaMCB o} DQM for ECC check bits

ECCO:7 1/0 | ECC check bits 0:7

BankSel0:3 O | Select up to four external SDRAM banks

WE O | Write Enable

CIKEnO:1 0 CIkEnO:1 provide duplicate clock enables for MemClkQut0:1.

MemClkOut0:1 0 Duplicate SDRAM clock outputs. In limited cases, this allows

glueless SDRAM attach without requiring the signal to be repowered
by a PLL or zero-delay buffer.

External Slave Peripheral Interface

PerData0:31

/0

Peripheral data bus used by PPC405GP when not in external master
mode, otherwise used by external master

PerAddr0:31

/0

Peripheral address bus used by PPC405GP when not in external
master mode, otherwise used by external master.

PerPar0:3

1/0

Peripheral byte parity signals

PerWBEO:3

1o}

As outputs, these signals can act as byte-enables which are valid for
an entire cycle or as write-byte-enables which are valid for each byte
on each data transfer, allowing partial word transactions. As outputs,
the signals are used by the peripheral controller or DMA controller,
depending upon the type of transfer involved. These signals are used
as inputs when an external bus master owns the external interface

PerCSO

Peripheral chip select 0

PerCS1:7[GPI010:16]

[1/0]

Seven additional peripheral chip selects

or

General Purpose /O - To access this function, software must toggle
a DCR bit.

PerOE

Used by either peripheral controller or DMA controller depending
upon the type of transfer involved.
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Table 26-2. Signal Descriptions (continued)

Signal Name /o Function
PerRW I/0 | Used by PPC405GP when not in external master mode, otherwise

used by external master. As output, the signal is used by either
peripheral controller or DMA controller depending upon the type of
transfer involved.

PerReady | Used by a peripheral slave to indicate it is ready to transfer data

PerBLast /O | Used by PPC405GP when not in external master mode, otherwise
used by external master.

DMAReq0:3 | Used by slave peripherals to indicate that they are prepared to
transfer data.

DMAACck0:3 (0] Used by PPC405GP to indicate that data transfers have occurred.

EOTO:3[TCO0:3] /0 | End Of Transfer
or
Terminal Count

External Master Peripheral Interface

PerClk (0] Peripheral clock to be used by an external master and by
synchronous peripheral slaves

ExtReset o Peripheral reset to be used by an external master and by
synchronous peripheral slaves

HoldReq | Hold Request, used by an external master to request ownership of
the peripheral bus

HoldAck (0] Hold Acknowledge, used by PPC405GP to transfer ownership of
peripheral bus to an external master

ExtReq | Used by an external master to indicate it is prepared to transfer data

ExtAck [¢] Used by PPC405GP to indicate that a data transfer occurred.

HoldPri l Used by an external master to indicate the priority of a given transfer
(0 = high, 1 =low)

BusReq o Used when PPC405GP needs to regain control of peripheral
interface from an external Master

PerErr | Used to record external Master errors and external slave peripheral
errors

Internal Peripheral Interface

UARTSerClk | Serial Clock provides an alternative clock to the internally generated
serial clock. Used when internally generated baud rates are not
satisfactory. This input can be connected to UARTO, using
CPCO_CRO[UOEC] = 1, or UART1, using CPCO_CRO[U1EC] =1, or
both (CPCO_CRO[UOEC, U1EC] = 1.

UARTO_Rx | UARTO Serial in data

UARTO_Tx o UARTO Serial out data
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Table 26-2. Signal Descriptions (continued)

Signal Name /o Function

UARTO_DCD I UARTO Data Carrier Detect

UARTO_DSR 1 UARTO Data Set Ready

UARTO_CTS | | UARTO Clear To Send

UARTO_DTR O | UARTO Data Terminal Ready

UARTO_RTS O | UARTO Request To Send

UARTO_RI | UARTO Ring Indicator

UART1_Rx | UART1 Serial In data.

UART1_Tx (0] UART1 Serial Out data

UART1_DSR[UARTI_CTS] | UART1 Data Set Ready
cL)JI;‘\FIT1 Clear To Send. To access this function, software must toggle
a DCR bit.

UART1_RTS[UART1_DTR] o UART1 Request To Send
BrARﬂ Data Terminal Ready. To access this function, software must
toggle a DCR bit. ‘

lICSCL /0 | IIC Serial Clock

IICSDA I/O | IIC Serial Data

Interrupts Interface

IRQO:6[GPI0O17:23] | Interrupt requests 0-6

[VO] | or

General Purpose I/0. To access this function, software must toggle a
DCR bit.

JTAG Interface

TDI | Test data in

T™S | JTAG test mode select

TDO (0] Test data out

TCK | JTAG test clock

TRST | JTAG reset

System Interface

SysClk | Main system clock input

SysReset /0 Main system reset. This signal may be redriven by the PPC405GP to
allow a system reset to occur.

SysErr (0] Asserted when a machine check exception is generated.

Halt | Halt from external debugger.
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Table 26-2. Signal Descriptions (continued)

Signal Name 110 Function
GPIO1:2[TS1E:TS2E] /0 | General Purpose I/O
[O] | or
Even Trace execution status. To access this function, software must
toggle a DCR bit.
GPI03:4[TS10:TS20] /0 | General Purpose [/O
[O] |or .
Odd Trace execution status. To access this function, software must
toggle a DCR bit.
GPI0O5:8[TS3:6) 110 General Purpose I/O
[O] |or
Trace status. To access this function, software must toggle a DCR bit.
GPIO9[TrcCIK] I/O | General Purpose I/O '
[O] | or
Trace interface clock.
TestEn | Test Enable. Reserved for manufacturing test.
Revrinh | Receiver Inhibit. Reserved for manufacturing test.
Drvrinh1 | Driver Inhibit 1 and 2. Reserved for manufacturing test.
Drvrinh2
TmrClk | Timer clock. TmrClk is an alternative clock source for the timer
facilities. Used when the aliowable timer clock intervals provided by
the CPU clock are not satisfactory. Enabled when
CPCO_CR1[CETE] = 1.
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Appendix A. Instruction Summary

This appendix contains PPC405GP instructions summarized alphabetically and by opcode.

“Instruction Set and Extended Mnemonics — Alphabetical” lists all PPC405GP mnemonics, including
extended mnemonics, alphabetically. A short functional description is included for each mnemonic.

“Instructions Sorted by Opcode,” on page A-33, lists all PPC405GP instructions, sorted by primary
and secondary opcodes. Extended mnemonics are not included in the opcode list.

“Instruction Formats,” on page A-41, illustrates the PPC405GP instruction forms {(allowed
arrangements of fields within instructions).

A.1 Instruction Set and Extended Mnemonics — Alphabetical

Table A-1 summarizes the PPC405GP instruction set, including required extended mnemonics. All
mnemonics are listed alphabetically, without regard to whether the mnemonic is realized in hardware
or software. When an instruction supports multiple hardware mnemonics (for example, b, ba, bl, bla
are all forms of b), the instruction is alphabetized under the root form. The hardware instructions are
described in detail in Chapter 24, “Instruction Set,” which is also alphabetized under the root form.
Chapter 24 also describes the instruction operands and notation.

Note the following for the branch conditional mnemonic:

Bit 4 of the BO field provides a hint about the most likely outcome of a conditional branch. (See
“Branch Prediction” on page 3-36 for a detailed description of branch prediction.) Assemblers should
set BO4 = 0 unless a specific reason exists otherwise. In the BO field values specified in the table
below, BO,4 = 0 has always been assumed. The assembler must allow the programmer to specify
branch prediction. To do this, the assembler supports a suffixes for the conditional branch
mnemonics:

+ Predict branch to be taken.
— Predict branch not to be taken.

As specific examples, be also could be coded as be+ or be—, and bne also could be coded bne+ or
bne-. These alternate codings set BO4 = 1 only if the requested prediction differs from the standard
prediction.See “Branch Prediction” on page 3-36 for more information.

Table A-1. PPC405GP Instruction Syntax Summary

Other Registers
Mnemonic Operands Function Changed Page
add RT, RA, RB | Add (RA) to (RB). 24-6
add. Place result in RT. CRICRO]
addo XERI[SO, OV]
addo. CRI[CR0]
XERI[SO, OV]
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Other Registers
Mnemonic Operands Function Changed Page
addc AT, RA, RB__ | Add (RA) to (RB). 24-6
addc. Place result in RT. CRICROQ]
addco Place carry-out in XER[CA]. XER[SO, OV]
addco. CR[CRO]
XER[SO, OV]
adde RT, RA, RB | Add XER[CA), (RA), (RB). 24-8
adde. Place result in RT. CRI[CRO]
addeo Place carry-out in XER[CA]. XER[SO, OV]
addeo. CRICRO]
XER[SO, 0OV]
addi RT, RA, IM Add EXTS(IM) to (RAID). 24-9
Place result in RT.
addic RT, RA, IM Add EXTS(IM) to (RAID). 24-6
Place result in RT.
Place carry-out in XER[CA].
addic. RT,RA, IM | Add EXTS(IM) to (RAID). CRICRO] 24-11
Place result in RT.
Place carry-out in XER[CA].
addis RT,RA, IM | Add (IM || T80) to (RAIO). 24-12
Place result in RT.
addme RT, RA Add XER[CA], (RA), (-1). 24-13
addme. Place result in RT. CRICRO]
addmeo Place carry-out in XER[CA]. XER[SO, OV]
addmeo. CRI[CRO0]
XERI[SO, OV]
addze RT, RA Add XER[CA] to (RA). 24-14
addze. Place result in RT. CRICRO]
addzeo Place carry-out in XER[CA]. XER[SO, OV]
addzeo. CR[CRO]
XER[SO, 0OV]
and RA, RS, RB | AND (RS) with (RB). 24-15
and. Place result in RA. CRICRO]
andc RA, RS, RB | AND (RS) with —(R8B). 24-16
andc. Place result in RA. CRICRO]
andi. RA, RS, IM [ AND (RS) with (0 || IM). CR[CRO] 2417
Place result in RA.
andis. RA, RS, IM | AND (RS) with (IM || T00). CRI[CRO0] 24-18
Place result in RA.
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

b

ba

bl

bla

target

Branch unconditional relative.
LI « (target — ClA)g.00
NIA « CIA + EXTS(LI || 20)

Branch unconditional absolute.
LI « targetgog
NIA « EXTS(LI || 20)

Branch unconditional relative.
LI « (target — ClA)g.29
NIA < CIA + EXTS(LI || 20)

(LR) — CIA+ 4.

Branch unconditional absolute.
LI ¢« targets.og
NIA « EXTS(LI || 20)

(LR) <~ CIA + 4.

24-19

be

bca

bel

bela

BO, BI, target

Branch conditional relative.
BD « (target — ClA)4g.29
NIA « CIA + EXTS(BD | 20)

CTRifBO, =0.

Branch conditional absolute.
BD < targetgsq
NIA « EXTS(BD || 20)

CTRifBO,=0.

Branch conditional relative.
BD « (target—CIA)16:29
NIA < CIA + EXTS(BD || 20)

CTRifBO, =0.
(LR) < CIA + 4.

Branch conditional absolute.
BD « targetg.oq
NIA « EXTS(BD || 20)

CTRifBO, =0.
(LR) < CIA + 4.

24-20

becetr

beetrl

BO, BI

Branch conditional to address in CTR.
Using (CTR) at exit from instruction,
NIA « CTRg.9 | 20.

CTRifBO, = 0.

CTRifBO,=0.
(LR) « CIA + 4.

24-26

belr

belrl

BO, Bl

Branch conditional to address in LR.
Using (LR) at entry to instruction,
NIA « LRy || 0.

CTRifBO, =0.

CTRifBO, =0.
(LR) < CIA + 4.

24-30

betr

betrl

Branch unconditionally to address in CTR.

Extended mnemonic for
becetr 20,0

Extended mnemonic for
becetrl 20,0

(L(R) < CIA+4.

24-26

bdnz

bdnza

bdnzl

bdnzla

target

Decrement CTR.

Branch it CTR # 0.
Extended mnemonic for
be 16,0,target

Extended mnemonic for
bca 16,0,target

Extended mnemonic for
bel 16,0,target

(LR) — CIA + 4.

Extended mnemonic for
bcla 16,0,target

(R) < ClA+ 4.

24-20
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

bdnzir

bdnzirl

Decrement Cﬁ.

Branch if CTR # 0 to address in LR.
Extended mnemonic for
belr 16,0

Extended mnemonic for
belrl 16,0

(LR) < CIA + 4.

24-30

bdnzf

cr_bit, target

bdnzfa

bdnzfl

bdnzfla

Decrement CTR.

Branch if CTR = 0 AND CRg, i = 0.
Extended mnemonic for
be 0,cr_bit,target

Extended mnemonic for
bca 0,cr_bit,target

Extended mnemonic for
bel 0,cr_bit,target

(LR) <~ CIA + 4.

Extended mnemonic for
bcla 0,cr_bit,target

(LR) < CIA + 4.

24-20

bdnzfir

cr_bit

bdnzfirl

Decrement CTR.

Branch if CTR # 0 AND CR, p;; = 0 to address in LR.

Extended mnemonic for
belr 0,cr_bit

Extended mnemonic for
belrl 0,cr_bit

(LR) < CIA + 4.

24-30

bdnzt

cr_bit, target

bdnzta

bdnztl

bdnztla

Decrement CTR.

Branch if CTR = 0 AND CRg, i = 1.
Extended mnemonic for
bc 8,cr_bit,target

Extended mnemonic for
bea 8,cr_bit,target

Extended mnemonic for
bcl 8,cr_bit,target

(LR) < CIA + 4.

Extended mnemonic for
bcla 8,cr_bit,target

(LRy—CIA+4.

24-20

bdnztir

cr_bit

bdnztirl

Decrement CTR.

Branch if CTR # 0 AND CR, i = 1 to address in LR.

Extended mnemonic for
belr 8,cr_bit

Extended mnemonic for
belrl 8,cr_bit

(LR) « CIA + 4.

24-30

bdz

target

bdza

bdzl

bdzla

Decrement CTR.

Branch if CTR = 0.
Extended mnemonic for
be 18,0,target

Extended mnemonic for
bca 18,0,target

Extended mnemonic for
bel 18,0,target

(LR) < CIA + 4.

Extended mnemonic for
bcla 18,0,target

(LR) <~ CIA + 4.

24-20
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

bdzir

bdzirl

Decrement CTR.

Branch if CTR = 0 to address in LR.
Extended mnemonic for
belr 18,0

Extended mnemonic for
belrl 18,0

(LR) < CIA + 4.

24-30

bdzf

bdzfa

bdzfl

bdzfla

cr_bit, target

Decrement CTR.

Branch if CTR = 0 AND CRg; p;; = 0.
Extended mnemonic for
be 2,cr_bit,target

Extended mnemonic for
bea 2,cr_bit,target

Extended mnemonic for
bel 2,cr_bit,target

(LR) < CIA + 4.

- Extended mnemonic for
bcla 2,cr_bit,target

(LR) < CIA + 4.

24-20

bdzfir

bdzfirl

cr_bit

Decrement CTR.

Branch if CTR = 0 AND CR¢, p;; = 0 to address in LR.

Extended mnemonic for
belr 2,cr_bit

Extended mnemonic for
belrl 2,cr_bit

(LR) < CIA + 4.

24-30

bdzt

bdzta

bdztl

bdztla

cr_bit, target

Decrement CTR.

Branch if CTR = 0 AND CR, p3=1.
Extended mnemonic for
bec 10,cr_bit,target

Extended mnemonic for
bea 10,cr_bit,target

Extended mnemonic for
bel 10,cr_bit,target

(LR) < CIA + 4.

Extended mnemonic for
bela 10,cr_bit,target

(LR) — CIA + 4.

24-20

bdztir

bdztirl

cr_bit

Decrement CTR.

Branch if CTR = 0 AND CR, p;; = 1to address in LR.
Extended mnemonic for
belr 10,cr_bit

Extended mnemonic for
belrl 10,cr_bit

(LRY < CIA + 4.

24-30

beq

beqa

beql

beqla

[cr_field],
target

Branch if equal.

Use CRO if cr_field is omitted.
Extended mnemonic for
be 12,4+cr_field+2,target

Extended mnemonic for
bca 12,4+cr_field+2,target

Extended mnemonic for
bel 12,4+cr_field+2,target

(LR) « CIA + 4.

Extended mnemonic for
bcla 12,4xcr_field+2,target

(LR) < CIA + 4.

24-20
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

begqctr

[cr_field]

beqctrl

Branch if equal to address in CTR.
Use CRO if cr_field is omitted.
Extended mnemonic for
beetr 12,4+«cr_field+2

Extended mnemonic for
beccetrl 12,4+cr_field+2

(LR) < CIA + 4.

24-26

beqlr

[er_field]

beqlrl

Branch if equal to address in LR.
Use CRO if cr_field is omitted.
Extended mnemonic for
belr 12,4xcr_field+2

Extended mnemonic for
belrl 12,4+cr_field+2

(LR) < CIA + 4.

24-30

bf

cr_bit, target

bfa

bfl

bfla

Branch if CHcr_bit =0.
Extended mnemonic for
be 4,cr_bit,target

Extended mnemonic for
bca 4,cr_bit,target

Extended mnemonic for
bel 4,cr_bit,target

(LR) < CIA + 4.

Extended mnemonic for
bcela 4,cr_bit,target

(LR) < CIA + 4.

24-20

bfctr

cr_bit

bfctrl

Branch if CRg, p; = 0 to address in CTR.
Extended mnemonic for
beetr 4,cr_bit

Extended mnemonic for
bectrl 4,cr_bit

(LR) — CIA + 4.

24-26

bfir

cr_bit

bfirl

Branch if CR¢,_p; = 0 to address in LR.
Extended mnemonic for
belr 4,cr_bit

Extended mnemonic for
belrl 4,cr_bit

(LR) < CIA + 4.

24-30

bge

[cr_field],
target

bgea

bgel

bgela

Branch if greater than or equal.
Use CRO if cr_field is omitted.
Extended mnemonic for
be 4,4xcr_field+0,target

Extended mnemonic for
bca 4,4xcr_field+0,target

Extended mnemonic for
bel 4,4xcr_fleld+0,target

(LR) < CIA + 4.

Extended mnemonic for
bcla 4,4+«cr_field+0,target

(LR) < CIA + 4.

24-20

bgectr

[cr_field]

bgectri

Branch if greater than or equal to address in CTR.

Use CRO if cr_field is omitted.
Extended mnemonic for
beetr 4,4xcr_field+0

Extended mnemonic for
beetrl 4,4+cr_field+0

(LR) < CIA + 4.

24-26
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

bgelr

bgelrl

[cr_field]

Branch if greater than or equal to address in LR.
Use CRO if cr_field is omitted.

Extended mnemonic for

belr 4,4+cr_field+0

Extended mnemonic for
belrl 4,4xcr_field+0

(LR) < CIA + 4.

24-30

bgt

bgta

bgtl

bgtla

[cr_field],
target

Branch if greater than.

Use CRO if cr_field is omitted.
Extended mnemonic for
be 12,4+cr_field+1,target

Extended mnemonic for
bca 12,4+cr_field+1,target

Extended mnemonic for
bel 12,4«cr_field+1,target

(LR) < CIA + 4.

Extended mnemonic for
bcela 12,4+cr_field+1,target

(LR) — CIA + 4.

24-20

bgtctr

bgtctrl

[cr_field]

Branch if greater than to address in CTR.
Use CRO if cr_field is omitted.

Extended mnemonic for

becetr 12,4+cr_field+1

Extended mnemonic for
becetrl 12,4+cr_field+1

(LR) < CIA + 4.

24-26

bgtir

bgtirl

[cr_field]

Branch if greater than to address in LR.
Use CRO if cr_field is omitted.
Extended mnemonic for
belr 12,4+cr_field+1

Extended mnemonic for
belrl 12,4+cr_field+1

(LR) « CIA + 4.

24-30

ble

blea

blel

blela

[cr_field],
target

Branch if less than or equal.
Use CRO if cr_field is omitted.
Extended mnemonic for
be 4,4+cr_field+1,target

Extended mnemonic for
bca 4,4+cr_field+1,target

Extended mnemonic for
bcl 4,4+cr_field+1,target

(LR) — CIA + 4.

Extended mnemonic for
bcla 4,4«cr_field+1,target

(LR) <~ CIA + 4.

24-20

blectr

blectrl

[cr_field]

Branch if less than or equal to address in CTR.
Use CRO if cr_field is omitted.

Extended mnemonic for

beetr 4,4+«cr_field+1

Extended mnemonic for
bectrl 4,4+cr_field+1

(LR) < CIA + 4.

24-26
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Mnemonic Operands

Function

Other Registers
Changed

Page

blelr

[cr_field]

blelrl

Branch if less than or equal to address in LR.

Use CRO if cr_field is omitted.
Extended mnemonic for
belr 4,4+cr_field+1

Extended mnemonic for
belrl 4,4+«cr_field+1

(LR) < CIA + 4.

24-30

blr

birl

Branch unconditionally to address in LR.

Extended mnemonic for
belr 20,0

Extended mnemonic for
belrl 20,0

(LR) < CIA + 4.

24-30

blt

[cr_field],
target

bita

bltl

bitla

Branch if less than.

Use CRO if cr_field is omitted.
Extended mnemonic for
bc 12,4+cr_field+0,target

Extended mnemonic for
beca 12,4+cr_field+0,target

Extended mnemonic for
bel 12,4+cr_field+0,target

(LR) « CIA + 4.

Extended mnemonic for
bela 12,4+cr_field+0,target

(LR) < CIA + 4.

24-20

bltctr

[cr_field]

bltctrl

Branch if less than to address in CTR.

Use CRO if cr_field is omitted.
Extended mnemonic for
becetr 12,4+cr_field+0

Extended mnemonic for
becetrl 12,4xcr_field+0

(LR) < CIA + 4.

24-26

bltlr

[cr_field]

bitiri

Branch if less than to address in LR.
Use CRO if cr_field is omitted.
Extended mnemonic for
belr 12,4xcr_field+0

Extended mnemonic for
belrl 12,4+cr_field+0

(LR) — CIA + 4.

24-30

bne

[cr_field],
target

bnea

bnel

bnela

Branch if not equal.

Use CRO if cr_field is omitted.
Extended mnemonic for
be 4,4xcr_field+2,target

Extended mnemonic for
beca 4,4xcr_field+2,target

Extended mnemonic for
bel 4,4xcr_field+2,target

(LR) < CIA + 4.

Extended mnemonic for
bcla 4,4+cr_field+2,target

(LR) < CIA + 4.

24-20
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

bnectr

bnectrl

[er_field]

Branch if not equal to address in CTR.
Use CRO if cr_field is omitted.
Extended mnemonic for
bectr 4,4+cr_field+2

Extended mnemonic for
beetrl 4,4+cr_field+2

(LR) < CIA + 4.

24-26

bnelr

bnelrl

[cr_field]

Branch if not equal to address in LR.
Use CRO if cr_field is omitted.
Extended mnemonic for
belr 4,4+cr_field+2

Extended mnemonic for
bclrl 4,4xcr_field+2

(LR) — CIA + 4.

24-30

bng

bnga

bngl

bngla

[cr_field],
target

Branch if not greater than.
Use CRO if cr_field is omitted.
Extended mnemonic for
bc 4,4+cr_{field+1,target

Extended mnemonic for
bca 4,4+cr_field+1,target

Extended mnemonic for
bcl 4,4+«cr_field+1,target

(LR) < CIA + 4.

Extended mnemonic for
bcla 4,4+cr_field+1,target

(LR) < CIA + 4.

24-20

bngetr

bngctrl

[cr_field]

Branch if not greater than to address in CTR.

Use CRO if cr_field is omitted.
Extended mnemonic for
becetr 4,4+cr_field+1

Extended mnemonic for
bectrl 4,4+cr_field+1

(LR) < CIA + 4.

24-26

bnglr

bnglrl

[cr_field]

Branch if not greater than to address in LR.
Use CRO if cr_field is omitted.

Extended mnemonic for

belr 4,4+cr_field+1

Extended mnemonic for
belrl 4,4+cr_field+1

(LR) < CIA + 4.

24-30

bnl

bnla

bnll

bnlla

[cr_field],
target

Branch if not less than.

Use CRO if cr_field is omitted.
Extended mnemonic for
be 4,4+cr_field+0,target

Extended mnemonic for
bca 4,4+cr_field+0,target

Extended mnemonic for
bel 4,4+cr_field+0,target

(LR) — CIA + 4.

Extended mnemonic for
bcla 4,4+cr_{field+0,target

(LR) —CIA +4.
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Mnemonic Operands

Function

Other Registers
Changed

Page

bnlctr

[cr_field]

bnlctrl

Branch if not less than to address in CTR.
Use CRO if cr_field is omitted.

Extended mnemonic for

becetr 4,4+cr_field+0

Extended mnemonic for
bectrl 4,4+cr_field+0

(LR) — ClA + 4.

24-26

bnlir

[er_field]

bnlirl

Branch if not less than to address in LR.
Use CRO if cr_field is omitted.
Extended mnemonic for
bcir 4,4+cr_field+0

Extended mnemonic for
belrl 4,4+cr_field+0

(LR) < CIA + 4.

24-30

bns

[cr_field],
target

bnsa

bnsl

bnsla

Branch if not summary overflow.
Use CRO if cr_field is omitted.
Extended mnemonic for
be 4,4xcr_field+3,target

Extended mnemonic for
bea 4,4xcr_field+3,target

Extended mnemonic for
bel 4,4+xcr_field+3,target

(LR) < CIA + 4.

Extended mnemonic for
bcla 4,4+cr_field+3,target

(LR) < CIA + 4.

24-20

bnsctr

[cr_field]

bnsctrl

Branch if not summary overflow to address in CTR.

Use CRO if cr_field is omitted.
Extended mnemonic for
beetr 4,4+cr_field+3

Extended mnemonic for
becetrl 4,4+cr_field+3

(LR) < CIA+ 4.

24-26

bnsir

[cr_field]

bnsilrl

Branch if not summary overflow to address in LR.
Use CRO if cr_field is omitted.

Extended mnemonic for

bclr 4,4+cr_field+3

Extended mnemonic for
bceirl 4,4+cr_field+3

(LR) < CIA + 4.

24-30

bnu

[er_field],
target

bnua

bnul

bnuta

Branch if not unordered.

Use CRO if cr_field is omitted.
Extended mnemonic for
bc 4,4+cr_field+3,target

Extended mnemonic for
beca 4,4+cr_field+3,target

Extended mnemonic for
bel 4,4+cr_field+3,target

(LR) < CIA + 4.

Extended mnemonic for
bcla 4,4+cr_field+3,target

(LR)—ClA+4,

24-20
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

bnuctr

bnuctrl

[cr_tield]

Branch if not unordered to address in CTR.
Use CRO if cr_field is omitted.

Extended mnemonic for

bectr 4,4+cr_field+3

Extended mnemonic for
bectrl 4,4xcr_field+3

(LR) < CIA + 4.

24-26

bnulr

bnulrl

[cr_field]

Branch if not unordered to address in LR.
Use CRO if cr_field is omitted.

Extended mnemonic for

belr 4,4+cr_field+3

Extended mnemonic for
belrl 4,4xcr_field+3

(LR) < CIA + 4.

24-30

bso

bsoa

bsol

bsola

[er_field],
target

Branch if summary overflow.
Use CRO if cr_field is omitted.
Extended mnemonic for
be 12,4«cr_field+3,target

Extended mnemonic for
beca 12,4xcr_field+3,target

Extended mnemonic for
bel 12,4xcr_field+3,target

T(LRy < CIA+ 4.

Extended mnemonic for
bela 12,4+cr_field+3,target

(LR) < CIA + 4.

24-20

bsoctr

bsoctrl

[cr_field]

Branch if summary overflow to address in CTR.

Use CRO if cr_field is omitted.
Extended mnemonic for
becetr 12,4+cr_fleld+3 -

Extended mnemonic for
becetrl 12,4+cr_field+3

(LR) < CIA + 4.

24-26

bsolr

bsolrl

[er_field]

Branch if summary overflow to address in LR.
Use CRO if cr_field is omitted.

Extended mnemonic for

belr 12,4+cr_field+3

Extended mnemonic for
belrl 12,4xcr_field+3

(LR) < CIA+4.

24-30

bt

bta

btl

btla

cr_bit, target

Branch if CR, py = 1.
Extended mnemonic for
bc 12,cr_bit,target

Extended mnemonic for
bea 12,cr_bittarget

Extended mnemonic for
bel 12,cr_bit,target

(LR) — CIA + 4.

Extended mnemonic for
bcla 12,cr_bit,target

(LR) < CIA + 4.

24-20

btctr

btctrl

cr_bit

Branch if CR¢y py = 1 to address in CTR.
Extended mnemonic for
beetr 12,cr_bit

Extended mnemonic for
becetrl 12,cr- bit

(LR) < CIA + 4.

24-26
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

btir

cr_bit

btirl

Branch if CRy, pi =1,

to address in LR.
Extended mnemonic for
belr 12,cr_bit

24-30

Extended mnemonic for
belrl 12,cr_bit

(LR) < CIA + 4.

bun

[er_field],
target

buna

bunl

bunla

Branch if unordered.

Use CRQ if cr_field is omitted.
Extended mnemonic for
be 12,4xcr_field+3,target

'24-20.

Extended mnemonic for
bca 12,4+cr_field+3,target

Extended mnemonic for
bel 12,4+cr_field+3,target

(LR) < CIA + 4.

Extended mnemonic for
bela 12,4xcr_field+3,target

(LR) — CIA + 4.

bunctr

[cr_field]

bunctrl

Branch if unordered to address in CTR.
Use CRO if cr_field is omitted.
Extended mnemonic for
becetr 12,4+cr_fleld+3

24-26

Extended mnemonic for
beetrl 12,4+cr_field+3

(LR) < CIA + 4.

bunir

[cr_field]

bunirl

Branch if unordered,

to address in LR.

Use CRO if cr_field is omitted.
Extended mnemonic for
belr 12,4xcr_fleld+3

24-30

Extended mnemonic for
belrl 12,4xcr_field+3

(LR) < CIA + 4.

clriwi

RA, RS, n

clrlwi.

Clear left immediate. (n < 32)
(RA)gpg < "0
Extended mnemonic for
rlwinm RA,RS,0,n,31

24-147

Extended mnemonic for
riwinm. RA,RS,0,n,31

CRICRO]

clrislwi

RA, RS, b, n

clrisiwi.

Clear left and shift left immediate.
(n<b<32)
(RA)b-n31-n < (RS)na1
(RA)zp-nzy < "0
(RA)O:b—n-1 &« b_no

Extended mnemonic for

riwinm RA,RS,n,b-n,31-n

24-147

Extended mnemonic for
riwinm. RA,RS,n,b-n,31-n

CRICRO]

A-12

PPC405GP User's Manual

Preliminary




Table A-1. PPC405GP Instruction Syntax Summary (continued)

Mnemonic

Operands

Function

Other Registers

Changed

Page

clrrwi

clrrwi.

RA, RS, n

Clear right immediate. (n < 32)
(RA)szonzr < "0
Extended mnemonic for
rlwinm RA,RS,0,0,31-n

Extended mnemonic for
riwinm. RA,RS,0,0,31-n

CRICRO]

24-147

cmp

BF, 0, RA, RB

Compare (RA) to (RB), signed.
Results in CR[CRn], where n = BF.

24-34

cmpi

BF, 0, RA, IM

Compare (RA) to EXTS(IM), signed.
Results in CR[CRn), where n =BF.

24-35

cmpl

BF, 0, RA, RB

Compare (RA) to (RB), unsigned.
Results in CR[CRn), where n = BF.

24-36

cmpli

BF, 0, RA, IM

Compare (RA) to (T80 Il IM), unsigned.

Results in CR[CRn), where n = BF.

24-37

cmplw

[BF] RA, RB

Compare Logical Word.

Use CRO if BF is omitted.
* Extended mnemonic for
cmpl BF,0,RA,RB

24-36

cmplwi

[BF] RA, IM

Compare Logical Word Immediate.
Use CRO if BF is omitted.
Extended mnemonic for
cmpli BF,0,RA,IM

24-37

cmpw

[BF] RA, RB

Compare Word.

Use CRO if BF is omitted.
Extended mnemonic for
cmp BF,0,RA,RB

24-34

cmpwi

[BF] RA, IM

Compare Word Immediate.

Use CRO if BF is omitted.
Extended mnemonic for
cmpi BF,0,RA,IM

24-35

cntlzw

cntlzw.

RA, RS

Count leading zeros in RS.
Place result in RA.

CRICRO]

24-38

crand

BT, BA, BB

AND bit (CRg,) With (CRgg).
Place result in CRgr.

24-39

crandc

BT, BA, BB

AND bit (CRga) with —~(CRgpg).
Place resultin CRgr

24-40

crelr

bx

Condition register clear.
Extended mnemonic for
crxor bx,bx,bx

24-46

creqv

BT, BA, BB

Equivalence of bit CRga with CRgg.
CRBT «— ﬂ(CHBA (<] CRBB)

24-41

crmove

bx, by

Condition register move.
Extended mnemonic for
cror bx,by,by

24-44

crnand

BT, BA, BB

NAND bit (CRg,) with (CRgg).
Place result in CRgT.

24-42
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Other Registers
Mnemonic Operands Function Changed Page
crnor BT’, BA, BB NOR bit (CRga) with (CRgg). 24-43
Place result in CRgr.
crnot bx, by Condition register not. 24-43
Extended mnemonic for ’
crnor bx,by,by
cror BT, BA, BB OR bit (CRg,) with (CRgg). 24-44
Place result in CRgt
crorc BT, BA, BB OR bit (CRgp) with —(CRgg). 24-45
Place result in CRgy. ’
crset bx Condition register set. 24-41
Extended mnemonic for
creqv bx,bx,bx
crxor BT, BA, BB XOR bit (CRga) with (CRgg). 24-46
Place result in CRgr.
dcba RA, RB Speculatively establish the data cache block which 24-47
contains the effective address (RAIO) + (RB).
dcbf RA, RB Flush (store, then invalidate) the data cache block 24-49
which contains the effective address (RAIO) + (RB).
dcbi RA, RB Invalidate the data cache block which contains the 24-50
effective address (RAIO0) + (RB).
dchst RA, RB Store the data cache block which contains the 24-51
effective address (RAIO) + (RB).
dcbt RA, RB Load the data cache block which contains the effective 24-52
address (RAIO) + (RB).
dcbtst RA,RB Load the data cache block which contains the effective 24-53
address (RAIO) + (RB).
dcbz RA, RB Zero the data cache block which contains the effective 24-54
address (RAI0) + (RB).
dccci RA, RB Invalidate the data cache congruence class 24-56
associated with the effective address (RAIO) + (RB).
dcread RT, RA, RB | Read either tag or data information from the data 24-57
cache congruence class associated with the effective
address (RAIO) + (RB).
Place the results in RT.
divw RT, RA, RB | Divide (RA) by (RB), signed. 24-59
divw. Place result in RT. CRICRO]
divwo XER[SO, OV]
divwo. CRI[CRO0]
XER[SO, OV]
divwu RT, RA, RB Divide (RA) by (RB), unsigned. 24-60
divwu. Place resultin RT. CRI[CRO]
divwuo XER[SO, 0V]
divwuo. CRICRQ]
XER[SO, OV]
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

eieio

Storage synchronization. All loads and stores that
precede the eieio instruction complete before any
loads and stores that follow the instruction access
main storage.

Implemented as sync, which is more restrictive.

24-61

eqv

eqv.

RA, RS, RB

Equivalence of (RS) with (RB).
(RA) « —((RS) & (RB))

CRICRO]

24-62

extiwi

extiwi.

RA, RS, n, b

Extract and left justify immediate. (n > 0)
(RA)O:n-1 «— gqs)b:bmd
(RA)pgy « %0

Extended mnemonic for

rlwinm RA,RS,b,0,n-1

Extended mnemonic for
rlwinm. RA,RS,b,0,n-1

CRICRO]

24-147

extrwi

extrwi.

RA,RS,n, b

Extract and right justify immediate. (n > 0)
(RA)sona1 < gRS)b:b+n—1
(RA)o31-n < 3210

Extended mnemonic for

riwinm RA,RS,b+n,32-n,31

Extended mnemonic for
riwinm. RA,RS,b+n,32-n,31

CRICRO]

24-147

extsb

extsb.

RA, RS

Extend the sign of byte (RS)4.31. -
Place the result in RA.

CRICRO]

24-63

extsh

extsh.

RA, RS

Extend the sign of halfword (RS)6.31.
Place the resultin RA. -

CRICRO]

24-64

icbi

RA, RB

Invalidate the instruction cache block which contains
the effective address (RAIO) + (RB).

24-65

icbt

RA, RB

Load the instruction cache block which contains the
effective address (RAIO) + (RB).

24-63

iccci

RA, RB

Invalidate instruction cache.

24-67

icread

RA, RB

Read either tag or data information from the
instruction cache congruence class associated with
the effective address (RAIO) + (RB).

Place the results in ICDBDR.

24-68

inslwi

inslwi.

RA,RS, n, b

Insert from left immediate. (n > 0)
(RA)obin-1 < (RS)ony
Extended mnemonic for
rlwimi RA,RS,32-b,b,b+n-1

Extended mnemonic for
rlwimi. RA,RS,32-b,b,b+n-1

CRICRO]

24-146

insrwi

insrwi.

RA,RS,n, b

Insert from right immediate. (n > 0)
(RA)b:b+n-1 « (HS)32—|1:31
Extended mnemonic for
riwimi RA,RS,32-b-n,b,b+n-1

Extended mnemonic for
riwimi. RA,RS,32-b-n,b,b+n-1

CRICRO]

24-146
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Mnemonic

Operands

Function

Other Registers

Changed

Page

isync

Synchronize execution context by flushing the prefetch
queue.

24-70

RT, D(RA)

Load address. (RA = 0)
D is an offset from a base address that is assumed to
be (RA).
(RT) « (RA) + EXTS(D)
Extended mnemonic for
addi RT,RA,D

24-9

bz

RT, D(RA)

Load byte from EA = (RAIO) + EXTS(D) and pad left
with zeroes,
(RT) « 2% II MS(EA,1).

24-71

Ibzu

RT, D(RA)

Load byte from EA = (RAIO) + EXTS(D) and pad left
with zeroes,

(RT) < 240 Il MS(EA,1).

Update the base address,

(RA) « EA.

24-72

Ibzux

RT, RA, RB

Load byte from EA = (RAIO) + (RB) and pad left with
zeroes,

(RT) « 2%0 Il MS(EA,).

Update the base address,

(RA) « EA.

24-73

Ibzx

RT, RA, RB

Load byte from EA = (RAIO) + (RB) and pad left with
zeroes,
(RT) « 2% I MS(EA1).

24-74

Iha

RT, D(RA)

Load halfword from EA = (RAI0) + EXTS(D) and sign
extend,
(RT) < EXTS(MS(EA,2)).

24-75

Ihau

RT, D(RA)

Load halfword from EA = (RAIO) + EXTS(D) and sign
extend,

(RT) « EXTS(MS(EA,2)).

Update the base address,

(RA) « EA.

24-76

Ihaux

RT, RA, RB

Load halfword from EA = (RAIO) + (RB) and sign
extend, i

(RT) < EXTS(MS(EA,2)).

Update the base address,

(RA) « EA.

24-77

lhax

RT, RA, RB

Load halfword from EA = (RAIO) + (RB) and sign
extend,
(RT) « EXTS(MS(EA,2)).

24-78

Ihbrx

RT, RA, RB

Load halfword from EA = (RAIO) + (RB), then reverse
byte order and pad left with zeroes,
(RT) « 60 1l MS(EA+1,1) || MS(EA1).

24-79

lhz

RT, D(RA)

Load halfword from EA = (RAIO) + EXTS(D) and pad
left with zeroes,
(RT) « 80 II MS(EA2).

24-80
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Other Registers
Mnemonic Operands Function Changed Page
lhzu RT, D(RA) Load halfword from EA = (RAIO) + EXTS(D) and pad 24-81
left with zeroes,
(RT) « %0 Il MS(EA,2).
Update the base address,
(RA) « EA.
lhzux RT, RA, RB | Load halfword from EA = (RAIO) + (RB) and pad left 24-82
with zeroes,
(RT) « %0 I MS(EA,2).
Update the base address,
(RA) « EA. )
lhzx RT, RA, RB | Load halfword from EA = (RAIO) + (RB) and pad left 24-83
with zeroes,
(RT) « 60 Il MS(EA,2).
li RT, IM Load immediate. 24-9
(RT) « EXTS(IM)
Extended mnemonic for
addi RT,0,value
lis RT, IM Load immediate shifted. 24-12
(RT) < (IM || "°0)
Extended mnemonic for
addis RT,0,value
Imw RT, D(RA) Load multiple words starting from 24-84
EA = (RAIO) + EXTS(D).
Place into consecutive registers RT through GPR(31).
RA is not altered unless RA = GPR(31).
Iswi RT, RA, NB | Load consecutive bytes from EA=(RAIO). 24-85
Number of bytes n=32 if NB=0, else n=NB.
Stack bytes into words in CEIL(n/4)
consecutive registers starting with RT, to
ReinaL <= ((RT + CEIL(n/4) — 1) % 32).
GPR(0) is consecutive to GPR(31).
RA is not altered unless RA = RgjnaL-
Iswx RT, RA, RB | Load consecutive bytes from EA=(RAIO)+(RB). 24-87
Number of bytes n=XER[TBC].
Stack bytes into words in CEIL(n/4)
consecutive registers starting with RT, to
REINAL ¢ ((RT + CEIL(n/4) — 1) % 32).
GPR(0) is consecutive to GPR(31).
RA is not altered unless RA = Rgjna.
RB is not altered unless RB = Rgyar-
If n=0, content of RT is undefined.
Iwarx RT, RA, RB | Load word from EA = (RAIO) + (RB) and place in RT, 24-89
(RT) < MS(EA,4).
Set the Reservation bit.
lwbrx RT, RA, RB ' | Load word from EA = (RAIO) + (RB) then reverse byte 24-90
order,
(RT) < MS(EA+3,1) Il MS(EA+2,1) Il
MS(EA+1,1) 1| MS(EA,1).
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Other Registers
Mnemonic Operands Function Changed Page
Wz RT, D(RA) | Load word from EA = (RAIO) + EXTS(D) and place in 24-91
RT,
(RT) <« MS(EA,4). .
lwzu RT, D(RA) Load word from EA = (RAIO) + EXTS(D) and place in 24-92
RT,
(RT) « MS(EA,4).
Update the base address,
(RA) « EA.
lwzux RT, RA, RB Load word from EA = (RAIO) + (RB) and place in RT, 24-93
(RT) < MS(EA,4).
Update the base address,
(RA) « EA.
lwzx RT, RA, RB | Load word from EA = (RAI0) + (RB) and place in RT, 24-94
(RT) « MS(EA4).
macchw RT, RA, RB pr0d0:31 — (RA)16:31 X (HB)0:15 signed . 24-95
macchw. tempg.az < prodp:as + (RT) CRICRO]
macchwo (RT) « tempy.32 XER[SO, OV]
macchwo. CR[CRO]
XERI[SO, 0OV]
macchws RT, RA, BB | prodg.zy < (RA)4g:31 X (RB)g:15 Signed 24-96
macchws. tempysp < prodo:as + (RT) CR[CRO]
macchwso if (prodg = RTo%{\ (RTg # tempy)) then XER[SO, OV]
(RT) & (RTo Il *'(—RTy))
macchwso. else (RT) « tempy.a» CRI[CRO]
. XER[SO, OV]
macchwsu | RT, RA, RB | prodg.3¢ < (RA)1g:31 X (RB)g:15 unsigned 24-97
macchwsu. tempg.3p <= Pf°do:313+2't(RT CRICRO]
macchwsuo (RT) & (tempy.32 v ““tempy) XER[SO, OV]
| macchwsuo. CRICRO]
XER[SO, OV]
macchwu RT, RA, RB | prodg.31 < (RA)46:31 X (RB)g,15 unsigned 24-98
macchwu. tempyg.g <~ prodg:a¢ + (RT) CRICRO]
macchwuo (RT) & temp.5 XER[SO, OV]
macchwuo. CRI[CRO0]
XER[SO, 0V]
machhw RT, RA, RB | prodp. 15 <= (RA)16:31 X (RB)g.15 Signed 24-99
machhw. tempg.3p - prodg:aq + (RT) CRI[CRO]
machhwo (RT) ¢ temp.5; XER[SO, OV]
machhwo. CR[CRO0]
: XER[SO, OV]
machhws RT, RA,RB | prodg.g1 < (RA)q:15 X (RB)g.15 Signed 24-100
machhws. Ffe(“("Po:gz <—Rel[°d0:3(h ; (RT) »ih CRICRO]
IF {(prodg = o)A o # tempy en
machhwso A Syl )i phalls XER[SO, OV]
machhwso. else (RT) «— temp1:32 CR[CRO]
XERI[SO, OV]
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Other Registers
Mnemonic Operands Function Changed Page
machhwsu | RT, RA, RB prodg.a¢ < (RA)g.15 X (RB)q¢5 Unsigned 24-101
machhwsu. tempg:a <= prodg:as + (RT) CRICRO]
(RT) ¢ (tempy.50 v S2tempg)
machhwsuo P1:32 Po XER[SO, OV]
machhwsuo. CRI[CRO]
XER[SO, OV]
machhwu RT, RA,RB | prodg.31 <~ (RA)q:15 X (RB)g.15 unsigned 24-102
machhwu. tempg;35 <= prodo.aq + (RT) CRICRO]
machhwuo (RT) ¢ tempy.5; XER[SO, OV]
machhwuo. CR[CRO0]
. XER[SO, OV]
macthw RT, RA, RB prodg.31 < (HA)16:31 X (RB)16:31 signed 24-103
maclhw. tempg.g2 <= prodg:ay + (RT) CRICRO]
macihwo (RT) & tempy.g XER[SO, OV]
maclhwo. CRI[CRQO]
XER[SO, OV]
maclhws RT, RA, RB | prodg.31 < (RA)16:31 X (RB)1¢:31 Signed 24-104
maclhws. !fi?po:gz <—RF_>|[°do:3(1R «; (RTt) »h CRICRO]
if ((prodg = RTp) A (RTq # tempy)) then
maclhwso e )i PRty XER[SO, OV]
maclhwso. else (RT) < tempy.32 CR[CRO]
XER[SO, OV]
maclhwsu RT, RA, RB prodg.31 < (RA)16:31 X (RB)15:31 unsigned 24-105
maclhwsu. tempg.32 <= prodg:ay 5 (RT) CRICRO]
maclhwsuo (RT) ¢ (tempy.32 v *“tempo) XER[SO, OV]
maclhwsuo. CR[CRO]
‘ XER[SO, OV]
maclhwu RT, RA, RB pr0d0:31 — (RA)16;31 X (HB)16:31 unsigned 24-106
maclhwu. tempg.g2 = prodg:ss + (RT) CR[CRO0]
maclhwuo (RT)  tempy:3 XERI[SO, OV]
maclhwuo. CR[CRO0]
XER[SO, OV]
mert BF, BFA Move CR field, (CR[CRn]) « (CR[CRm]) 24-107
where m <— BFA and n <— BF.
mcerxr BF Move XER[0:3] into field CRn, where n<BF. 24-108
CR[CRn] « (XER[SO, OV, CA]).
(XER[SO, OV, CA)) « 30.
mfer RT Move from CR to RT, 24-109
(RT) « (CR).
mfdcr RT, DCRN Move from DCR to RT, 24-110
(RT) < (DCR(DCRN}).
mfmsr RT Move from MSR to RT, 24-111
(RT) < (MSR).
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

mfccr0
mfctr
mfdaci
mfdac2
mfdear
mfdber0
mfdber1
mfdbsr
mfdcer
mfdcwr
mfdvel
mfdvc2
mfesr
mfevpr
mfiac1
mfiac2
mfiac3
mfiac4
mficer
mficdbdr
mflr
mfpid
mfpit
mfpvr
mfsgr
mfsler
mfsprg0
mfsprgi
mfsprg2
mfsprg3
mfsprg4
mfsprg5
mfsprg6
mfsprg7
mfsrr0
mfsrri
mfsrr2
mfsrr3
mfsu0r
mfter
mfisr
mfxer
mfzpr

RT

Move from special purpose register (SPR) SPRN.

Extended mnemonic for
mfspr RT,SPRN

See Table 25-2, “Special Purpose Registers,” on

page 25-2 for listing of valid SPRN values.

24-112

mfspr

RT, SPRN

Move from SPR to RT,
(RT) < (SPR(SPRN})).

24-112

mftb

RT, TBRN

Move from TBR to RT,
(RT) « (TBR(TBRN)).

24-114

mftb

RT

Move the contents of TBL into RT,
(RT) « (TBL)

Extended mnemonic for

mftb RT,TBL

24-114
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

mftbu

RT

Move the contents of TBU intcﬁ?‘,
(RT) « (TBU)

Extended mnemonic for

mftb RT,TBU

24-114

mr

mr.

RT, RS

Move register.

(RT) « (RS)
Extended mnemonic for
or RT,RS,RS

Extended mnemonic for
or. RT,RS,RS

CRI[CR0]

24-140

mtcr

RS

Move to Condition Register.
Extended mnemonic for
mterf OxXFF,RS

24-116

mtcrf

FXM, RS

Move some or all of the contents of RS into CR as
specified t?/ FXM field,
mask « 4(FXMg) [I 4(FXMy) || .. |l
AFXMg) || 4(FXMy).
(CR)«—((RS) A mask) v (CR) A —mask).

24-116

mtdcer

DCRN, RS

Move to DCR from RS,
(DCR(DCRN)) « (RS).

24-117

mtmsr

RS

Move to MSR from RS,
(MSR) « (RS).

24-118
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

mtccr0
mtctr
mtdaci
mtdac2
mtdber0
mtdberi
mtdbsr
mtdecer
mtdear
mtdewr
mtdvet
mtdvc2
mtesr
mtevpr
mtiaci
mtiac2
mtiac3
mtiac4
mticer
mticdbdr
mtir
mtpid
mtpit
mtpvr
mtsgr
mtsler
mtsprg0
mtsprgi
mtsprg2
mtsprg3
mtsprgd
mtsprg5
mtsprg6
mtsprg7
mtsrr0
mtsrri
mtsrr2
mtsrr3
misuOr
mttbl
mttbu
mtter
mttsr
mtxer
mtzpr

RS

Move to SPR SPRN.
Extended mnemonic for
mtspr SPRN,RS

See Table 25-2, “Special Purpose Registers,” on

page 25-2 for listing of valid SPRN values.

24-119

mtspr

SPRN, RS

Move to SPR from RS,
(SPR(SPRN)) « (RS).

24-119

mulchw

muichw.

RT, RA, RB

(RTo:31 < (RA)16:31 X (RB)g;15 signed

CRICRO0)

24-121

mulchwu

mulchwu.

RT, RA, RB

(RT)o:31 < (RA)46:31 X (RB)g:15 Unsigned

CRICRO]

24-122
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Other Registers

Mnemonic Operands Function Changed Page
mulhhw RT,RA,RB | (RT)g.31 < (RA)g:15 X (RB)g.15 signed 24-123
mulhhw. CR[CRO0]
mulhhwu RT, RA,RB | (RT)g.31 < (RA)o:15 X (RB)g.15 unsigned 24-124
mulhhwu. CRI[CRO0]
muilhw RT, RA, BB | (RT)o.31 < (RA)16:31 X (RB)16:31 Signed 24-127
mullhw. CR[CR0]
mullhwu RT,RA,RB | (RT)16:31 < (RA)16:31 X (RB)46:31 Unsigned 24-128
mullhwu. CR[CRO0]
mulhw RT, RA, RB | Multiply (RA) and (RB), signed. 24-125
mulhw. Place high-order result in RT. CRICRO]

prodges < (RA) x (RB) (signed).
(RT) < prodya;.
mulhwu RT, RA, RB Multiply (RA) and (RB), unsigned. 24-126
mulhwu. Place high-order result in RT. CRICRO]
prodges < (RA) X (RB) (unsigned). :
(RT) < prodp.s,
mulli RT, RA, IM Multiply (RA) and IM, signed. 24-129
Place low-order result in RT.
prodg.47 < (RA) X IM (signed)
(RT) « prodig.ar
mullw RT, RA, RB Multiply (RA) and (RB), signed. 24-130
mullw. ) Place low-order result in RT. CRICRO]
muliwo prodges < (RA) x (RB) (signed). XER[SO, OV]
(RT) < prodszes,
muliwo. CRI[CRO0]
XER[SO, OV]
nand RA, RS, RB | NAND (RS) with (RB). 24-131
nand. Place result in RA. CR[CRO]
neg RT, RA Negative (twos complement) of RA. 24-132
neg. (RT) <« —(RA) +1 CRICRO]
nego ' XER[SO, 0V]
nego. CRI[CRO]
XER[SO, 0V]
nmacchw RT, RA, RB | nprodg.3q < —((RA)16:31 X (RB)o.15) signed 24-133
nmacchw. tempg;3> <= nprodg:ay + (RT) CRICRO]
nmacchwo (RT) « tempy.3, XER[SO, OV]
nmacchwo. CRI[CRO0]
XER[SO, OV] :
nmacchws | RT, RA, RB | nprody.3¢ <= —((RA)16:31 X (RB)g:15) signed 24-134
nmacchws. ffe("?Po:a% « ";Qrfo)do::zh ‘_'I'_ (RT) )i CRI[CRO]
if (nprodg = A (RTq # tempy)) then
nmacchwso XER[SO, OV
(RT) (T, | S1(=RTy) [50, ov]
nmacchwso. else (RT) « tempy.3p CRI[CRO0]
’ XER[SO, 0OV]
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Other Registers

Mnemonic Operands Function Changed Page
nmachhw RT, RA, RB | nprodg.3q < —((RA)g.15 X (RB)g.15) signed 24-135
nmachhw. tempy.3p = nprodo.aq + (RT) CRICRO)
nmachhwo (RT) « temp1.3 XER[SO, OV]
nmachhwo. CR[CRO0]

XERI[SO, 0V]
nop Preferred no-op, triggers optimizations based on 24-142
no-ops.
Extended mnemonic for
ori 0,0,0
nor RA, RS, RB | NOR (RS) with (RB). 24-139
nor. Place result in RA. CRICRO]
not RA, RS Complement register. 24-139
(RA) <« —(RS)
Extended mnemonic for
nor RA,RS,RS
not. Extended mnemonic for CRI[CRO]
nor. RA,RS,RS
or RA, RS, RB | OR (RS) with (RB). 24-140
or. Place result in RA. CRICRO]
orc RA, RS, RB | OR (RS) with —(RB). 24-141
orc. Place result in RA. CRICRO]
ori RA, RS, IM | OR (RS) with (%0 |} IM). 24-142
Place result in RA.
oris RA, RS, IM | OR (RS) with (IM || T®0). 24-143
Place result in RA.
rfci Return from critical interrupt 24-144
(PC) « (SRR2).
(MSR) « (SRR3).
rfi Return from interrupt. 24-145
(PC) « (SRRO0).
(MSR) « (SRR1).
rlwimi RA, RS, SH, . | Rotate left word immediate, then insert according to 24-146
Tiwimi. MB, ME mask. CRICRO0]
r « ROTL((RS), SH)
m <« MASK(MB, ME)
(RA) <~ (rA m) v ((RA) A —m)
riwinm RA, RS, SH, | Rotate left word immediate, then AND with mask. 24-147
riwinm. MB, ME r < ROTL((RS), SH) CRICRO]
m < MASK(MB, ME)
(RA) « (rA m)
riwnm RA, RS, RB, | Rotate left word, then AND with mask. 24-150
rlwnm. MB, ME r < ROTL((RS), (RB)27.3¢) CRICRO]

m < MASK(MB, ME) -
(RA) « (rA m)
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

rotiw

rotiw.

RA, RS, RB

Rotate left. .

(RA) « ROTL((RS), (RB)27:31)
Extended mnemonic for
rlwnm RA,RS,RB,0,31

Extended mnemonic for
riwnm. RA,RS,RB,0,31

CRICRO]

24-150

rotlwi

rotiwi.

RA, RS, n

Rotate left immediate.

(RA) « ROTL((RS), n)
Extended mnemonic for
riwinm RA,RS,n,0,31

Extended mnemonic for
riwinm. RA,RS,n,0,31

CRICRQ]

24-147

rotrwi

rotrwi.

RA,RS, n

Rotate right immediate.
(RA) < ROTL((RS), 32-n)
Extended mnemonic for
rlwinm RA,RS,32-n,0,31

Extended mnemonic for
rlwinm. RA,RS,32-n,0,31

CRICRO]

24-147

SC

System call exception is generated.
(SRR1) « (MSR)

(SRR0O) « (PC) :

PC « EVPRy.15 Il x'0CO00'
(MSR[WE, PR, EE, PE, DR, IR]) < 0

24-151

slw

slw.

RA, RS, RB

Shift left (RS) by (RB)2731

n « (RB)ara1,

r « ROTL((RS), n).

if (RB),g = 0thenm « MASK(0, 31 —n)
else m « 320,

(RA) < r A m.

CRICROQ]

24-152

slwi

slwi.

RA, RS, n

Shift left immediate. (n < 32)

(RA)oa1-n ¢ (RS)na

(RA)zz a1 < "0
Extended mnemonic for
rlwinm RA,RS,n,0,31-n

Extended mnemonic for
riwinm. RA,RS,n,0,31-n

CRICRO]

24-147

sraw

sraw.

RA, RS, RB

Shift right algebraic (RS) by (RB)27.34.
n « (RB)azay.

r < ROTL((RS), 32 -n).

if (RB)yg = 0thenm « MASK(n, 31)
elsem « 30,

s « (RS)o,

"|(RA) « (r Am) v (3% A —m).

XER[CA] « s A (r A —m)#0).

CRICRO]

24-153
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

srawi

srawi.

RA, RS, SH

Shift right algebraic (RS) by SH.

n < SH.

r < ROTL((RS), 32 —n).

m < MASK(n, 31).

s < (RS),,

(RA) « (r Am) v (s A —m).
XER[CA] < s A ((r A —m)20).

CRICRO]

24-154

Srw

‘[ srw.

RA, RS, RB

Shift right (RS) by (RB)a7a1-

n ¢ (RB)az.3.

r <« ROTL((RS), 32 -n).

if (RB)yg = Othenm <« MASK(n, 31)
elsem « 320,

(RA) «<r A m.

CRICRO)

24-155) .

srwi

srwi.

RA, RS, n

Shift right immediate. (n < 32)
(RA)y31 < (RS)o.a1-n
(RA)o:n1 < "0
Extended mnemonic for
rlwinm RA,RS,32-n,n,31

Extended mnemonic for
riwinm. RA,RS,32-n,n,31

CRICRO0]

24-147

stb-

RS, D(RA)

Store byte (RS),4.31 in memory at
EA = (RAIO) + EXTS(D).

24-156

stbu

RS, D(RA)

Store byte (RS),4.31 in memory at
EA = (RAI0) + EXTS(D).

Update the base address,

(RA) « EA.

24-157

stbux

RS, RA, RB

Store byte (RS),4.31 in memory at
EA = (RAI0) + (RB).

Update the base address,

(RA) « EA.

24-158

stbx

RS, RA, RB

Store byte (RS),4.31 in memory at
EA = (RAIO) + (RB).

24-159

sth

RS, D(RA)

Store halfword (RS)46.3¢ in memory at
EA = (RAI0) + EXTS(D).

24-160

sthbrx

RS, RA, RB

Store halfword (RS)y4.31 byte-reversed in memory at

EA = (RAIO) + (RB).
MS(EA, 2) < (RS)osa1 l| (RS)16:23

24-161

sthu

RS, D(RA)

Store halfword (RS)4¢.3 in memory at
EA = (RAIQ) + EXTS(D).

Update the base address,

(RA) « EA.

24-162

sthux

RS, RA, RB

Store halfword (RS)46.31 in memory at
EA = (RAI0) + (RB). -

Update the base address,

(RA) « EA.

24-163

sthx

RS, RA, RB

Store halfword (RS)46.31 in memory at
EA = (RAI0) + (RB).

247164
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

stmw

RS, D(RA)

Store consecutive words from RS through GPR(31) in

memory starting at
EA = (RAIO) + EXTS(D).

24-165

stswi

RS, RA, NB

Store consecutive bytes in memory starting at
EA=(RAIO).

Number of bytes n=32 if NB=0, else n=NB.
Bytes are unstacked from CEIL(n/4)
consecutive registers starting with RS.
GPR(0) is consecutive to GPR(31).

24-166

stswx

RS, RA, RB

Store consecutive bytes in memory starting at
EA=(RAI0)+(RB).

Number of bytes n=XER[TBC].

Bytes are unstacked from CEIL(n/4)
consecutive registers starting with RS.
GPR(0) is consecutive to GPR(31).

24-167

stw

RS, D(RA)

Store word (RS) in memory at
EA = (RAIO) + EXTS(D).

24-169

stwbrx

RS, RA, RB

Store word (RS) byte-reversed in memory at

EA = (RAIO) + (RB).

MS(EA, 4) < (RS)24:31 Il (RS)16:25 Il
(RS)g:15 Il (RS)oz

24-170

stwcx.

RS, RA, RB

Store word (RS) in memory at EA = (RAI0) + (RB)
only if reservation bit is set.
if RESERVE = 1 then
MS(EA, 4) « (RS)
RESERVE « 0
(CRICRO]) « 20 || 1 || XERq,
else
(CRICRO]) ¢ %0 || 0 || XER,

24-171

stwu

RS, D(RA)

Store word (RS) in memory at
EA = (RAIO) + EXTS(D).
Update the base address,
(RA) « EA.

24-173

stwux

RS, RA, RB

Store word (RS) in memory at
EA = (RAIO) + (RB).

Update the base address,
(RA) « EA.

24-174

stwx

RS, RA, RB

Store word (RS) in memory at
EA = (RAIO) + (RB).

24-175

sub

sub.

subo

subo.

RT, RA, RB

Subtract (RB) from (RA).
(RT) « —(RB) + (RA) + 1.
Extended mnemonic for

subf RT,RB,RA

Extended mnemonic for
subf. RT,RB,RA

CRICRO]

Extended mnemonic for
subfo RT,RB,RA

XER[SO, OV]

Extended mnemonic for
subfo. RT,RB,RA

CRICRO]
XERISO, OV]

24-176
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

: Other Registers
Mnemonic Operands Function Changed Page
subc RT, RA, RB__ | Subtract (RB) from (RA). 24-177
(RT) « —(RB) + (RA) + 1.
Place carry-out in XER[CA].
Extended mnemonic for
subfc RT,RB,RA
sube. Extended mnemonic for CR[CRO0]
subfc. RT,RB,RA
subco Extended mnemonic for XER[SO, OV]
subfco RT,RB,RA
subco. Extended mnemonic for CR[CRO0]
subfco. RT,RB,RA XER[SO, OV]
subf RT, RA,RB | Subtract (RA) from (RB). 24-176
subf. | (RT) « —(RA) + (RB) + 1. CRICRO]
subfo XER[SO, OV]
subfo. CR[CRO]
XER[SO, OV]
subfc RT, RA, RB | Subtract (RA) from (RB). 24-177
subfc. (RT) < —(RA) + (RB) + 1. CRICRO)
subfco Place carry-out in XER[CA). XER[SO, OV]
subfco. CRICRO0]
XERI[SO, OV]
subfe RT, RA, RB | Subtract (RA) from (RB) with carry-in. 24-178
subfe. (RT) < —(RA) + (RB) + XER[CA]. CRI[CRO0]
Subfeo Place carry-out in XER[CA]. XER[SO, OV]
subfeo. CRICRO]
XER[SO, 0V]
subfic RT, RA, IM Subtract (RA) from EXTS(IM). 24-179
(RT) « —(RA) + EXTS(IM) + 1.
Place carry-out in XER[CA].
subfme RT, RA, RB | Subtract (RA) from (—1) with carry-in. 24-180
subfme. (RT) « —(RA) + (~1) + XER[CA]. CR[CRO0]
Subfmeo Place carry-out in XER[CA]. XER[SO, OV]
subfmeo. CRI[CRO]
XER[SO, OV]
subfze RT, RA, RB | Subtract (RA) from zero with carry-in. 24-181
subfze. (RT) <« —(RA) + XERI[CA]. CRICRO]
subfzeo Place carry-out in XER[CA]. XER[SO, OV]
subfzeo. CRI[CRO0]
XER[SO, OV}
subi RT, RA, IM Subtract EXTS(IM) from (RAIQ). 24-9
Place result in RT. :
Extended mnemonic for
addi RT,RA,-IM
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

subic

RT, RA, IM

Subtract EXTS(IM) from (RA).

Place result in RT. '

Place carry-out in XER[CA].
Extended mnemonic for
addic RT,RA,-IM

24-10

subic.

RT, RA, IM

Subtract EXTS(IM) from (RA).

Place result in RT.

Place carry-out in XER[CA].
Extended mnemonic for
addic. RT,RA,-IM

CRICROQ]

24-11

subis

RT, RA, IM

Subtract (IM || "®0) from (RAIO).
Place resuit in RT.

Extended mnemonic for

addis RT,RA,-IM

24-12

sync

Synchronization. All instructions that precede sync
complete before any instructions that follow sync
begin.

When sync completes, all storage accesses initiated
prior to sync will have completed.

24-182

tibia

All TLB entries are invalidated and become
unavailable for translation by clearing the valid (V) bit
in the TLBHI portion of each TLB entry. The rest of the
TLB fields unmodified.

24-183

tibre

RT, RA,WS

fWS=0:

Load TLBHI of the selected TLB entry into RT.
Load PID with the contents of the TID field of the
selected TLB entry.

(RT) « TLBHI[(RA)]

(PID) « TLBI(RA)lTp

fWS=1:
Load TLBLO portion of the selected TLB entry into RT.
(RT) « TLBLO[(RA)]

24-184

tibrehi

RT, RA

Load TLBHI of the selected TLB entry into RT.
Load PID with the contents of the TID field of the
selected TLB entry.
(RT) « TLBHI[(RA)]
(PID) « TLB[(RA)Irip

Extended mnemonic for

tibre RT,RA,0

24-184

tibrelo

RT, RA

Load TLBLO of the selected TLB entry into RT.
(RT) « TLBLO[(RA)]

Extended mnemonic for
. tibre RT,RA,1

24-184
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Table A-1. PPC405GP Instruction Syntax Summary (continu

ed)

Mnemonic

Operands

Function

Other Registers
Changed

Page

tibsx

tibsx.

RT,RA,RB

Search the TLB for a valid entry that translates the EA.
EA = (RAIO) + (RB).
If found,
(RT) « Index of TLB entry.
If not found,
(RT) Undefined.

If found, CRICRO] 1,610

(RT) « Index of TLB entry.
CRI[CROJgq « 1.

If not found, .
(RT) Undefined.
CR[CRO]EQ « 1.

24-186

tibsync

tibsync does not complete until all previous TLB-
update instructions executed by this processor have
been received and completed by all other processors.
For the PPC405GP, tibsync is a no-op.

24-187

tibwe

RS, RAWS

fWS=0: .

Write TLBHI of the selected TLB entry from RS.
Write the TID field of the selected TLB entry from the
PID register.

TLBHI[(RA)] « (RS)

TLB(RA)Itip < (PID)2s:31:

fWS = 1:

Write TLBLO portion of the selected TLB entry from
RS.

TLBLO[(RA)] < (RS)

24-188

tibwehl

RS, RA

Wirite TLBHI of the selected TLB entry from RS.
Write the TID field of the selected TLB entry from the
PID register.
TLBHI[(RA)] < (RS)
TLB[(RA)Itip < (PID)2g:31

Extended mnemonic for

tibwe RS,RA,0

24-188

tibwelo

RS, RA

Write TLBLO of the selected TLB entry from RS.
TLBLO[(RA)] « (RS)

Extended mnemonic for

tibwe RS,RA,1

24-188
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

trap

"Frap unconditionally.
Extended mnemonic for
tw 31,0,0

tweq

twge

twgt

twle

twige

twligt

twlle

twiit

twing

twinl

twit

twne

twng

twnl

RA, RB

Trap if (RA) equal to (RB).
Extended mnemonic for
tw 4,RA,RB

Trap if (RA) greater than or equal to (RB).
Extended mnemonic for
tw 12,RA,RB

Trap if (RA) greater than (RB).
Extended mnemonic for
tw 8,RA,RB

Trap if (RA) less than or equal to (RB).
Extended mnemonic for
tw 20,RA,RB

Trap if (RA) logically greater than or equal to (RB).
Extended mnemonic for
tw 5,RA,RB

Trap if (RA) logically greater than (RB).
Extended mnemonic for
tw 1,RA,RB

Trap if (RA) logically less than or equal to (RB).
Extended mnemonic for
tw 6,RA,RB

Trap if (RA) logically less than (RB).
Extended mnemonic for
tw 2,RA,RB

Trap if (RA) logically not greater than (RB).
Extended mnemonic for
tw 6,RA,RB

Trap if (RA) logically not less than (RB).
Extended mnemonic for
tw 5,RA,RB

Trap if (RA) less than (RB).
Extended mnemonic for
tw 16,RA,RB

Trap if (RA) not equal to (RB).
Extended mnemonic for
tw 24,RA,RB

Trap if (RA) not greater than (RB).
Extended mnemonic for
tw 20,RA,RB

Trap if (RA) not less than (RB).
Extended mnemonic for
tw 12,RA,RB

24-190

tw

TO, RA, RB

Trap exception is generated if, comparing (RA) with
(RB), any condition specified by TO is true.

24-190
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Mnemonic Operands

Function

Other Registers
Changed

Page

tweqi

RA, IM

twgei

twgti

twlei

twigei

twigti

twllei

twiliti

twingi

twinli

twiti

twnei

twngi

twnli

Trap if (RA) equal to EXTS(IM).
Extended mnemonic for
wi 4,RA,IM

Trap if (RA) greater than or equal to EXTS(IM).
Extended mnemonic for
twi 12,RA,IM

Trap if (RA) greater than EXTS(IM).
Extended mnemonic for
twi 8,RA,IM

Trap if (RA) less than or equal to EXTS(IM).
Extended mnemonic for
twi 20,RA,IM

Trap if (RA) logically greater than or equal to
EXTS(IM).

Extended mnemonic for

wi 5,RA,IM

Trap if (RA) logically greater than EXTS(IM).
Extended mnemonic for
twi 1,RA,IM

Trap if (RA) logically less than or equal to EXTS(IM).

Extended mnemonic for
twi 6,RA,IM

Trap if (RA) logically less than EXTS(IM).
Extended mnemonic for
twi 2,RA,IM

Trap if (RA) logically not greater than EXTS(IM).
Extended mnemonic for
twi 6,RA,IM

Trap if (RA) logically not less than EXTS(IM).
Extended mnemonic for
twi 5,RA,IM

Trap if (RA) less than EXTS(IM).
Extended mnemonic for
twi 16,RA,IM

Trap if (RA) not equal to EXTS(IM).
Extended mnemonic for
twi 24,RA,IM

Trap if (RA) not greater than EXTS(IM).
Extended mnemonic for
twi 20,RA,IM

Trap if (RA) not less than EXTS(IM).
Extended mnemonic for
twi 12,RA,IM

24-193

twi

TO, RA, IM

Trap exception is generated if, comparing (RA) with
EXTS(IM), any condition specified by TO is true.

24-193

wrtee

RS

Write value of RS to MSR[EE].

24196

wrteei

Write value of E to MSRIEE].

24-197
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Table A-1. PPC405GP Instruction Syntax Summary (continued)

Other Registers
Mnemonic Operands Function Changed Page
xor RA, RS, RB | XOR (RS) with (RB). 24-198
XOr. Place result in RA. CRI[CRO]
xori RA, RS, IM | XOR (RS) with (60 || IM). 24-199
Place result in RA.
xoris RA, RS, IM XOR (RS) with (IM || T®0). 24-200
Place result in RA.

A.2 Instructions Sorted by Opcode

All instructions are four bytes long and word aligned. All instructions have a primary opcode field
(shown as field OPCD in Figure A-1 through Figure A-9, beginning on page A-44) in bits 0:5. Some,
instructions also have a secondary opcode field (shown as field XO in Figure A-1 through Figure A-9).
PPC405GP instructions, sorted by primary and secondary opcode, are listed in Table A-2.

The “Form” indicated in the table refers to the arrangement of valid field combinations within the four-
byte instruction. See “Instruction Formats,” on page A-41, for the field layouts of each form.

Form X has a 10-bit secondary opcode field, while form XO uses only the low-order 9-bits of that field.
Form XO uses the high-order secondary opcode bit (the tenth bit) as a variable; therefore, every
form XO instruction really consumes two secondary opcodes from the 10-bit secondary-opcode
space. The implicitly consumed secondary opcode is listed in parentheses for form XO instructions in
the table below.

Table A-2. PPC405GP Instructions by Opcode
Primary| Secondary
Opcode| Opcode Form Mnemonic Operands Page
3 D twi TO, RA, IM 24-193
4 8 X mulhhwu RT, RA, RB 24-124
mulhhwu.
4 12 (524) X0 machhwu RT, RA, RB 24-102
machhwu.
machhwuo
machhwuo.
4 40 X mulhhw RT, RA, RB 24-123
| mulhhw.
4 44 (556) X0 "~ | machhw RT, RA, RB 24-99
machhw.
machhwo
machhwo.
4 46 (558) X0 nmachhw RT, RA, RB 24-135
nmachhw.
nmachhwo
nmachhwo
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Table A-2. PPC405GP Instructions by Opcode (continued)

Primary
Opcode

Secondary
Opcode

Form

Mnemonic

Operands

Page

4

76 (588)

X0

machhwsu

machhwsu.

machhwsuo

machhwsuo.

RT, RA, RB

24-101

108 (620)

X0

machhws

machhws.

machhwso

machhwso.

RT, RA, RB

24-100

110 (622)

X0

nmachhws’

nmachhws.

nmachhwso

nmachhwso.

RT, RA, RB

24-136

136

mulchwu

mulchwu.

RT, RA, RB

24-122

140 (652)

X0

macchwu

macchwu.

macchwuo

machhwuo.

RT, RA, RB

24-98

168

mulchw

mulchw.

RT, RA, RB

24-121

172 (684)

X0

macchw

macchw.

macchwo

macchwo.

RT, RA, RB

24-95

174 (686)

X0

nmacchw

nmacchw.

nmacchwo

nmacchwo.

RT, RA, RB

24-133

204 (716)

X0

macchwsu

macchwsu.

macchwsuo

macchwsuo.

RT, RA, RB

24-101

236 (748)

X0

macchws

macchws.

macchwso

macchwso.

RT, RA, RB

24-96

238 (750)

X0

nmacchws

nmacchws.

nmacchwso

nmacchwso.

RT, RA, RB

24-134
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Table A-2. PPC405GP Instructions by Opcode (continued)

Primary| Secondary
Opcode| Opcode Form Mnemonic Operands Page
4 392 X mullhwu RT, RﬁB 24-128
mullhwu.
4 396 (908) | XO maclhwu RT, RA, RB 24-106
maclhwu.
maclhwuo
maclhwuo.
4 424 X mullhw RT, RA, RB 24-126
. mullhw.
4 428 (940) | XO maclhw RT, RA, RB 24-103
i ’ maclhw.
maclhwo
maclhwo.
4 430 (942) | XO nmacthw RT, RA, RB 24-137
nmaclhw.
nmaclhwo .
nmaclhwo.
4 492 (972) | XO maclhws RT, RA, RB 24-104
maclhws.
maclhwso
maclhwso.
4 460 (1004) | XO maclhwsu RT, RA, RB 24-105
maclhwsu.
maclhwsuo
maclhwsuo.
4 494 (1006) | XO nmaclhws | RT, RA, RB 24-138
nmaclhws.
nmaclhwso
nmaclthwso.
7 D mulli RT, RA, IM 24-129
8 D subfic RT, RA, IM 24-179
10 D cmpli BF, 0, RA, IM 24-37
11 D cmpi BF, 0, RA, IM 24-35
12 D addic RT, RA, IM 24-10
13 D addic. RT, RA, IM 24-11
14 D addi RT, RA, IM 24-9
15 D addis RT, RA, IM 24-12
16 B be BO, B, target 24-20
beca
bel
bcla
17 SC sc 24-151
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Table A-2. PPC405GP Instructions by Opcode (continued)

Primary| Secondary
Opcode| Opcode Form Mnemonic Operands Page
18 | b target 24-19
ba
bl
bla
19 0’ XL mcerf BF, BFA 24-107
19 16 XL belr BO, Bl 24-30
belrl
19 33 XL crnor BT, BA, BB 24-43
19 50 XL rfi 24-145
19 51 XL rfcl 24-144
19 129 XL crandc BT, BA, BB 24-40
19 150 XL Isync 24-70
19 193 XL crxor BT, BA, BB 24-46
19 225 XL crnand BT, BA, BB 24-42
19 257 XL crand BT, BA, BB 24-39
19 289 XL creqv BT, BA, BB 24-41
19 417 XL crorc BT, BA, BB 24-45
19 449 XL cror BT, BA, BB 24-44
19 528 XL becetr BO, BI 24-26
becetrl
20 M riwimi RA, RS, SH, MB, ME| 24-146
riwimi.
21 M riwinm RA, RS, SH, MB, ME| 24-147
riwinm. ’
23 M riwnm RA, RS, RB, MB, ME | 24-150
rlwnm.
24 D ori RA, RS, IM 24-142
25 D oris RA, RS, IM 24-143
26 b xorl RA, RS, IM 24-199
27 D xorls RA, RS, IM 24-200
28 D andl. RA, RS, IM 2417
29 D andis. RA, RS, IM 24-18
31 0 X cmp BF, 0, RA, RB 24-34
31 4 X tw TO, RA, RB 24-190
31 8 (520) XO subfc RT, RA, RB 24-177
subfc.
subfco
subfco.
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Table A-2. PPC405GP Instructions by Opcode (continued)

Primary| Secondary
Opcode| Opcode Form Mnemonic Operands Page
31 10 (522) | XO addc RT, RA, RB 24-7
addc.
addco
addco.
31 11 X0 mulhwu RT, RA, RB 24-126
mulhwu.
31 19 X mfcr RT 24-109
31 20 X Iwarx RT, RA, RB 24-89
31 23 X lwzx RT, RA, RB 24-94
31 24 X slw RA, RS, RB 24-152
slw.
31 26 X cntlzw RA, RS 24-38
cntlzw.
31 28 X and RA, RS, RB 24-15
and.
31 32 X cmpl BF, 0, RA, RB 24-36
31 40 (552) X0 subf RT, RA, RB 24-176
subf.
subfo
subfo.
31 54 X dcbst RA, RB 24-53
31 55 X lwzux RT, RA, RB 24-93
31 60 X | ande RA, RS, RB 24-16
andec.
31 75 X0 mulhw RT, RA, RB 24-125
mulhw.
31 83 X mfmsr RT 24-111
31 86 X dcbf RA, RB 24-49
31 87 X Ibzx RT, RA, RB 24-74
31 104 (616) [ XO neg RT, RA 24-132
neg.
nego
nego.
31 119 X Ibzux RT, RA, RB 24-73
31 124 X nor RA, RS, RB 24-139
nor. :
31 131 X wrtee RS 24-196
31 136 (648) | XO subfe RT, RA, RB 24-178
subfe. )
subfeo
subfeo.
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Table A-2. PPC405GP Instructions by Opcode (continued)

Primary| Secondary _
Opcode| Opcode Form Mnemonic Operands Page
31 138 (650) | XO adde RT, RA, RB 24-8
adde.
addeo
addeo.
31 144 XFX mterf FXM, RS 24-116
31 146 X mtmsr RS 24-118
31 150 X stwex. RS, RA, RB 24-171
31 151 X stwx RS, RA, RB 24-175
31 163 X wrteel E 24-197
31 183 X stwux RS, RA, RB 24-174
31 200 (712) | XO subfze RT, RA, RB 24-181
subfze.
subfzeo
subfzeo.
31 202 (714) | XO addze RT, RA 24-14
addze. -
addzeo
addzeo.

31 215 X stbx RS, RA, RB ‘ 24-159
31 232 (744) | XO subfme RT, RA, RB 24-180
subfme.
subfmeo
subfmeo.

31 234 (746) | XO addme RT, RA . 24-13
addme.
addmeo
addmeo.

31 235 (747) |XO mullw RT, RA, RB 24-130
muliw.
mullwo
mullwo.

31 246 X dcbtst - RA,RB 24-53
31 247 X stbux RS, RA, RB 24-157
31 262 X icht RA, RB 24-66
31 266 (778) | XO add RT, RA, RB 24-6

add.

addo

addo.
31 278 X dcbt RA, RB 24-51
31 279 X lhzx RT, RA, RB 24-83
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Table A-2. PPC405GP Instructions by Opcode (continued)

Primary| Secondary
Opcode| Opcode Form Mnemonic Operands Page
31 284 X eqv RA, RS, RB 24-62
eqv.
31 311 X lhzux RT, RA, RB 24-82
31 316 X xor RA, RS, RB 24-198
Xor.
31 323 XFX mfdcr RT, DCRN 24-110
31 339 XFX mfspr RT, SPRN 24-112
31 343 X lhax RT, RA, RB 24-78
31 370 X tibia 24-183
31 371 XFX mftb RT, TBRN 24-114
31 375 X lhaux RT, RA, RB 24-77
31 407 X sthx RS, RA, RB 24-164
31 412 X orc RA, RS, RB 24-141
orc.
31 439 X sthux RS, RA, RB 24-163
31 444 X or RA, RS, RB 24-140
or.
31 451 XFX mtdcr DCRN, RS 24-117
31 454 X dccci RA, RB 24-56
31 459 (971) | XO divwu RT, RA, RB 24-60
divwu.
divwuo
divwuo.
31 467 XFX mtspr SPRN, RS 24-119
31 470 X dcbi RA, RB 24-50
31 476 X nand RA, RS, RB 24-131
nand. :
31 486 X dcread RT, RA, RB 24-57
31 491 (1003) | XO divw RT, RA, RB 24-59
divw.
divwo
divwo.
31 512 X merxr BF 24-108
31 533 X Iswx RT, RA, RB 24-87
31 534 X Iwbrx RT, RA, RB 24-90
31 536 X srw RA, RS, RB 24-155
Srw.
31 566 X tibsync 24-187
31 597 X Iswi RT, RA,NB 24-85
31 598 X sync 24-182
31 661 X stswx RS, RA, RB 24-167
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Table A-2. PPC405GP InstructionsAby Opcode (continued)

Primary| Secondary
Opcode| Opcode Form Mnemonic Operands Page
31 662 X stwbrx RS, RA, RB 24-170
31 725 X stswi RS, RA, NB 24-166
31 758 X dcba RA, RB 24-47
31 790 X lhbrx RT, RA, RB 24-79
31 792 X sraw RA, RS, RB 24-153
sraw.
31 824 X srawi RA, RS, SH 24-154
srawi.
31 854 X eieio 24-61
31 914 X tibsx RT,RA,RB 24-186
tibsx.
31 1918 X sthbrx RS, RA, RB 24-161
31 922 X extsh RA, RS 24-64
extsh.
31 946 X tibre RT, RA\WS 24-184
31 954 X extsb RA, RS 24-63
extsb.
31 966 X iccci RA, RB 24-67
31 978 X tibwe RS, RAWS 24-188
31 982 X icbi RA, RB . | 24-65
31 998 X icread RA, RB 24-68
31 1014 X dcbz RA, RB 24-54
32 D Iwz RT, D(RA) 24-91
33 D lwzu " | RT, D(RA) 24-92
34 D Ibz RT, D(RA) 24-71
35 D Ibzu RT, D(RA) 24-72
36 D stw RS, D(RA) 24-169
37 D stwu RS, D(RA) 24-173
38 D stb RS, D(RA) 24-156
39 D stbu RS, D(RA) 24-157
40 D lhz RT, D(RA) 24-80
41 D lhzu RT, D(RA) 24-81
42 D lha RT, D(RA) 24-75
43 D lhau RT, D(RA) 24-76
44 D sth RS, D(RA) 24-160
45 D sthu RS, D(RA) 24-162
46 D Imw RT, D(RA) 24-84
47 D stmw RS, D(RA) 24-165
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A.3 Instruction Formats

Instructions are four bytes long. Instruction addresses are always word-aligned.

Instruction bits 0 through 5 always contain the primary opcode. Many instructions have an extended
opcode in another field. Remaining instruction bits contain additional fields. All instruction fields
belong to one of the following categories:

* Defined

These instructions contain values, such as opcodes, that cannot be altered. The lnstructlon format
diagrams specify the values of defined fields.

e Variable

These fields contain operands, such as GPR selectors and immediate values, that can vary from
execution to execution. The instruction format diagrams specify the operands in the variable fields.

». Reserved

Bits in reserved fields should be set to 0. In the instruction format diagrams, /, //, or /// indicate
reserved fields.

If any bit in a defined field does not contain the expected value, the instruction is illegal and an illegal
instruction exception occurs. If any bit in a reserved field does not contain 0, the instruction form is
invalid; its result is architecturally undefined. The PPC405GP executes all invalid instruction forms
without causing an illegal instruction exception.

A.3.1 Instruction Fields

PPCA405GP instructions contain various combinations of the following fields, as indicated in the
instruction format diagrams that follow the field definitions. Numbers, enclosed in parentheses, that
follow the field names indicate bit positions; bit fields are indicated by starting and stopping bit
positions separated by colons.

AA (30) Absolute address bit.

0 The immediate field represents an address relative to the current instruction
address (CIA). The effective address (EA) of the branch is either the sum of the LI
field sign-extended to 32 bits and the branch instruction address, or the sum of the
BD field sign-extended to 32 bits and the branch instruction address.

1 The immediate field represents an absolute address. The EA of the branch is
either the LI field or the BD field, sign-extended to 32 bits.

BA (11:15) Specifies a bit in the CR used as a source of a CR-logical instruction.
BB (16:20) Specifies a bit in the CR used as a source of a CR-logical instruction.

BD (16:29) An immediate field specifying a 14-bit signed twos complement branch displacement.
This field is concatenated on the right with 0b00 and sign-extended to 32 bits.

BF (6:8) Specifies a field in the CR used as a target in a compare or merf instruction.

BFA (11:13)  Specifies a field in the CR used as a source in a merf instruction.

Bl (11:15) Specifies a bit in the CR used as a source for the condition of a conditional branch
instruction.
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BO (6:10)

BT (6:10)
D (16:31)

DCRN (11:20)
FXM (12:19)
IM (16:31)

LI (6:29)

LK (31)

MB (21:25)
ME (26:30)

NB (16:20)
OPCD (0:5)

OE (21)

RA (11:15)
RB (16:20)
Rc (31)

RS (6:10)
RT (6:10)
SH (16:20)
SPRF (11:20)
TO (6:10)
XO (21:30)

Specifies options for conditional branch instructions. See “BO Field on Conditional
Branches” on page 3-35.

Specifies a bit in the CR used as a target as the result of a CR-Logical instruction.

Specifies a 16-bit signed twos-complement integer displacement for load/store
instructions.

Specifies a device control register (DCR).
Field mask used to identify CR fields to be updated by the mterf instruction.
An immediate field used to specify a 16-bit value (either signed integer or unsigned).

An immediate field specifying a 24-bit signed twos complement branch displacement;
this field is concatenated on the right with b'00' and sign-extended to 32 bits.

Link bit.

0 Do not update the link register (LR).
1 Update the LR with the address of the next instruction.

Mask begin.

Used in rotate-and-mask instructions to specify the beginning bit of a mask.
Mask end.

Used in rotate-and-mask instructions to specify the ending bit of a mask.
Specifies the number of bytes to move in an immediate string load or store.

Primary opcode. Primary opcodes, in decimal, appear in the instruction format
diagrams presented with individual instructions. The OPCD field name does not
appear in instruction descriptions.

Enables setting the OV and SO fields in the fixed-point exception register (XER) for
extended arithmetic.

A GPR used as a source or target.
A GPR used as a source.
Record bit.

0 Do not set the CR.
1 Set the CR to reflect the result of an operation.

See “Condition Register (CR)” on page 3-12 for a further discussion of how the CR
bits are set.

A GPR used as a source.

A GPR used as a target.

Specifies a shift amount.

Specifies a special purpose register (SPR).

Specifies the conditions on which to trap, as described under tw and twi instructions.

" Extended opcode for instructions without an OE field. Extended opcodes, in decimal,

appear in the instruction format diagrams presented with individual instructions. The
XO field name does not appear in instruction descriptions.
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X0 (22:30) Extended opcode for instructions with an OE field. Extended opcodes, in decimal,
appear in the instruction format diagrams presented with individual instructions. The
XO field name does not appear in instruction descriptions.

A.3.2 Instruction Format Diagrams

The instruction formats (also called “forms”) illustrated in Figure A-1 through Figure A-9 are valid
combinations of instruction fields. Table A-2 on page A-33 indicates which “form” is utilized by each
PPC405GP opcode. Fields indicated by slashes (/, //, or ///) are reserved. The figures are adapted
from the PowerPC User Instruction Set Architecture.
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A3.2.1

I-Form

OPCD

A.3.2.2 B-Form

Figure A-1. |Instruction Format

31

OPCD BO Bl BD |AA|LK|
0 11 16 30 31
Figure A-2. B Instruction Format
A.3.2.3 SC-Form
OPCD " ] " ] 1 | / [
0 11 16 30 31
Figure A-3. SC Instruction Format
A.3.2.4 D-Form
OPCD RT RA D
OPCD RS RA Sl
OPCD RS RA D
OPCD RS RA ul
OPCD BF RA Sl
OPCD BF RA Ui
OPCD TO RA Sl
0 1 16 31
Figure A-4. D Instruction Format
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A.3.25 X-Form

OPCD RT RA RB X0 Rc
OPCD RT RA RB X0 1
OPCD RT RA NB X0 /
OPCD RT RA ws X0 /
OPCD RT w RB X0 /
OPCD RT w " X0 1
OPCD RS RA RB X0 Re
OPCD RS RA RB . X0 1
OPCD RS RA RB X0 /
OPCD RS RA NB X0 /
OPCD RS RA ws X0 /
OPCD RS RA SH X0 Rc
OPCD RS RA w X0 Re
oPCD RS " : RB X0 1
OPCD RS w Vi X0 /
OPCD - BF /L RA RB X0 /
oPCD BF V/ BFA " m X0 Re
OoPCD BF V/ n w X0 /
OPCD BF " . Vi U X0 Re
oPCD BF no| " w X0 /
oPCD TO RA RB (N !
OPCD BT w V] X0 Rc
OoPCD n RA RB X0 /
OPCD - : n Vi Y/ X0 /
OPCD w n E /i X0 /

0 6 11 16 21 Y

Flgure A-5. X Instruction Format

A.3.2.6 XL-Form
OPCD BT BA BB X0 !
OPCD BC Bl w X0 LK
OPCD BF V] BFA I V] X0 /
OPCD n /i m X0 1

0 6 1 16 21 31

Figure A-6. XL Instruction Format
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A.3.2.7 XFX-Form

OPCD RT SPRF X0 /
OPCD RT DCRF X0 /
OPCD RT / FXM / X0 /
OPCD RS SPRF X0 /
OPCD RS DCRF X0 !
0 6 11 16 21 31
Figure A-7. XEX Instruction Format
A.3.2.8 X0-Form
OPCD RT RA RB OE X0 Re
OPCD RT RA RB OE X0 Re
OoPCD RT RA V/j / X0 Re
0 6 11 16 21 22 31
Figure A-8. XO Instruction Format
A.3.2.9 M-Form
OPCD RS RA RB MB ME Rc
OPCD RS RA SH MB ME Rc
0 6 11 16 21 26 31
Figure A-9. M Instruction Format
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Appendix B. Instructions by Category

Chapter 24, “Instruction Set,” contains detailed descriptions of the instructions, their operands, and

notation.

Table B-1 summarizes the instruction categories in the PPC405GP instruction set. The instructions
within each category are listed in subsequent tables. .

Tab

le B-1. PPC405GP Instruction Set Functional Summary

Storage Reference

load, store

Arithmetic and Logical

add, subtract, negate, multiply, divide, and, andc, or, orc, xor, nand, nor, xnor, sign
extension, count leading zeros, multiply accumulate

Comparison compare, compare logical, compare immediate

Branch branch, branch conditional, branch to LR, branch to CTR

CR Logical crand, crandc, cror, crorc, crnand, crnor, crxor, crxnor, move CR field
Rotate/Shift rotate and insert, rotate and mask, shift left, shift right

Cache Control

invalidate, touch, zero, flush, store, read

Interrupt Control

write to external interrupt enable bit, move to/from MSR, return from mterrupt
return from critical interrupt

Processor Management

system call, synchronize, trap, move to/from DCRs, move to/from SPRs, move
to/from CR

B.1 Implementation-Specific Instructions

To meet the functional requirements of processors for embedded systems and real-time applications,
the PPC405GP defines the implementation-specific instructions summarized in Table B-2.

Table B-2. Implementation-specific Instructions

Other Registers

Mnemonic Operands Function Changed Page

dccci RA, RB Invalidate the data cache congruence class 24-56
associated with the effective address (EA)
(RAIO) + (RB).

dcread RT, RA, RB Read either tag or data information from the data 24-57
cache congruence class associated with the EA :
(RAI0) + (RB).
Place the results in RT.

iccci RA, RB Invalidate instruction cache. 24-67

icread RA, RB Read either tag or data information from the 24-68
instruction cache congruence class associated with
the EA (RAIO) + (RB).

Place the results in ICDBDR.
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Table B-2. Implementation-specific Instructions (continued)

Other Registers
Mnemonic Operands Function Changed Page
macchw RT, RA, RB | prodg.31 <= (RA)16:31 X (RB)g.15 signed 24-95
tempg;sp <= prodp,s¢ + (RT)
macchw. (RT) < tempy.5p CR[CRQ]
macchwo XER[SO, OV]
macchwo. CR[CRO0]
XER[SO, OV]
macchws RT, RA, RB | prodg,31 ¢~ (RA)46:31 X (RB)g,15 signed ’ 24-96
tempy.3a < prody.gq + (RT)
macchws. if (prodo = RTo) A (RTo # temp)) then CRICRO]
macchwso (RT) ¢ (RTo || ¥'(=RTo)) XER[SO, OV]
else (RT) < tempy.35
macchwso. ' CRI[CRO0]
XER[SO, OV]
macchwsu | RT, RA, RB | prodg.31 ¢~ (RA)16:31 X (RB)g.15 unsigned 24-97
tempg.32 <~ prodo:aq + (RT)
macchwsu. (RT) < (tempy.30 v 32temp0) CRI[CRQ]
macchwsuo XER[SO, OV]
macchwsuo. CR[CRQ]
XER[SO, OV]
macchwu RT, RA, RB | prodg.31 < (RA)16:31 X (RB)g.15 unsigned 24-98
tempg.gp <~ prodoa¢ + (RT)
macchwu. (RT) < temp.a CRI[CRO]
macchwuo XER[SO, OV]
macchwuo. CRI[CRO]
’ XER[SO, OV]
machhw RT, RA, RB prod0:15 - (RA)16:31 X (RB)0:15 signed 24-99
tempg.ao <~ prodo.aq + (RT)
machhw. (RT) < tempy.5p CRI[CRO]
machhwo XER[SO, 0V]
machhwo. CR[CRQ0]
XER[SO, OV]
machhws RT, RA, RB | prodg.31 <= (RA)g.15 X (RB)g.15 signed 24-100
tempyg.30 ¢~ prodg.a¢ + (RT)
machhws. f (prodo = RTo) A (RTo # tempy)) then CRICRO]
machhwso (RT) « (RTo || *"(—RTg)) XER[SO, OV]
else (RT) — temp1.32
machhwso. ’ CRI[CRO]
XER[SO, OV]
machhwsu | RT, RA, RB | prodg.31 < (RA)g:15 X (RB)g.15 unsigned ' 24-101
tempy;a2 <= prodo;a¢ + (RT)
machhwsu. (RT) < (tempy.g0 v a2, empo) CR[CRQ]
machhwsuo XER[SO, QV]
machhwsuo. CRICRO]
XER[SO, OV]
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Table B-2. Implementation-specific Instructions (continued)

Other Registers
Mnemonic Operands Function Changed Page
machhwu RT, RA, RB | prodg.31 < (RA)q.15 X (RB)q.15 unsigned 24-102
tempg.z2 ¢~ prodp;a; + (RT)
machhwu. (RT) < tempy.3p CR[CRO]
machhwuo XER[SO, OV]
machhwuo. CR[CRO]
XER[SO, OV]
maclhw RT, RA, RB prod0:31 — (HA)16:31 X (RB)16:31 Signed 24-103
tempg.g> <~ prodg.as + (RT)
maclhw. (RT) <= tempy.3p CRI[CRO]
maclhwo XER[SO, OV]
maclhwo. CRI[CRO0]
XER[SO, OV]
maclhws RT, RA, RB | prodg.31 < (RA)e:31 X (RB)1g:37 Signed 24-104
tempg;az ¢~ prodg:a; + (RT)
maclhws. if ((prodg = RTg) A (RTo # tempy)) then CRICRO]
maclhwso (RT) < (RTo || *(=RTo)) XER[SO, OV]
else (RT) < tempy.32
maclhwso. CRICRO]
XER[SO, 0V]
maclhwsu RT, RA, RB | prodg.31 < (RA)g:91 X (RB)46.31 unsigned 24-105
tempg:32 <— prodg:aq + (RT)
maclhwsu. (RT)  (tempy.5p v 32 empy) CR[CRO]
maclhwsuo XER[SO, OV]
maclhwsuo. CR[CRO]
XER[SO, OV]
maclhwu RT, RA, RB prod0;31 «— (RA)16:31 X (HB)16;31 unsigned 24-106
tempg.a — prodg3¢ + (RT)
maclhwu. (RT) < tempy.5p CRICRO0]
maclhwuo XER[SO, 0OV]
maclhwuo. CRI[CRO]
XER[SO, OV]
mulchw RT, RA, RB (RT)0:31 «— (HA)16:31 X (HB)O:15 Signed 24-121
mulchw. CR[CRO]
mulchwu RT, RA, RB (RT)O:31 «— (RA)16:31 X (RB)0:15 unsigned 24-122
mulchwu. _ CRICRO0]
mulhhw RT,RA, RB | (RT)g.31 < (RA)g:15 X (RB)g.15 signed 24-123
mulhhw. CRI[CRO]
mulhhwu RT, RA, RB (RT)031 &~ (RA)0:15 X (RB)ons Unsigned 24-124
mulhhwu. CR[CRO0]
mullhw RT, RA, RB (RT)0:31 «— (RA)16:31 X (RB)16:31 Signed 24-127
mullhw. CR[CRO]
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Table B-2. Implementation-specific Instructions (continued)

Other Registers
Mnemonic Operands Function Changed Page
mullhwu RT,RA,RB | (RT)y6:31 < (RA)g.15 X (RB)46.31 unsigned 24-128
mullhwu. CRICRO]
nmacchw RT, RA, RB | nprodg.31 < —((RA)1e:31 X (RB)g.15) signed 24-133
tempg;gz < nprodg:a; + (RT)
nmacchw. (RT) < temp.g CRICR0]
nmacchwo XER[SO, 0OV]
nmacchwo. CRI[CRO0]
XER[SO, OV]
nmacchws | RT,RA, RB | nprodg.31 <~ —((RA)16:31 X (RB)g.15) signed 24-134
tempg.as ¢ nprodg.zy + (RT
nmacchws. if (nprody = RTo) A (RTg # tempy) then CRICRO]
nmacchwso (RT) « (RTy Il °"(=RTo)) XER[SO, OV]
else (RT) « tempy.3o
nmacchwso. : CR[CRO]
XER[SO, OV}
nmachhw RT, RA, RB | nprodg.3q < —((RA)q:15 X (RB)g.15) signed 24-135
tempg;gp ¢~ nprodp:zq + (RT)
nmachhw. (RT) < tempy.3 CR[CR0]
nmachhwo XER[SO, OV]
nmachhwo. CR[CR0]
XER[SO, OV]
nmachhws | RT, RA, RB | nprodg.5q < —((RA)q:15 X (RB)g.15) signed 24-136
tempg:az < nprodg:z + (RT)
nmachhws. if (nprody = RTg) A (RTo # tempy)) then CRICRO]
nmachhwso (RT) « (RTo |l *'(—=RTq)) XER[SO, OV]
else (RT) < temp;.
nmachhwso. (RT) ¢ temp:a2 CRICRO]
XER[SO, OV]
nmaclhw RT, RA, RB | nprodg.3q <— —((RA)16:31 X (RB)16:31) signed 24-137
tempg;3p ¢~ nprodp:zq + (RT)
nmaclhw. (RT) <~ temp; .3 CRICRO0]
nmaclhwo XER[SO, OV]
nmaclhwo. CR[CRO0]
XER[SO, OV]
nmaclhws RT, RA, RB | nprodg.3; < —((RA)16:31 X (RB)16.31) signed 24-138
tempy.3; ¢~ nprodo;3 + (RT)
nmaclhws. if (mprody = RTo) A (RTo  tempy)) then CRICRO]
nmaclhwso (RT) « (RTo | ¥1(—RTy)) XER[SO, OV]
else (RT) < temp.32
nmaclhwso. ’ CR[CRO0]
XER[SO, OV]
Preliminary
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B.2 Instructions in the IBM PowerPC Embedded Environment

To meet the functional requirements of processors for embedded systems and real-time applications,
the IBM PowerPC Embedded Environment defines instructions that are not part of the PowerPC
Architecture.

Table B-3 summarizes the PPC405GP instructions in the PowerPC Embedded Environment.

Table B-3. Instructions in the IBM PowerPC Embedded Environment

Other Registers

Mnemonic | Operands Function Changed Page

dcba RA, RB Speculatively establish the data cache block which 24-47
contains the EA (RAIO) + (RB).

dcbf RA, RB Flush (store, then invalidate) the data cache block 24-49
which contains the EA (RAIO0) + (RB).

dcbi RA, RB Invalidate the data cache block which contains the EA 24-50
(RAIO) + (RB).

dcbst RA, RB Store the data cache block which contains the EA 24-51
(RAIO) + (RB).

dcbt RA, RB Load the data cache block which contains the EA 24-52
(RAIO) + (RB).

dcbtst RA,RB Load the data cache block which contains the EA 24-53
(RAIO) + (RB).

decbz RA, RB Zero the data cache block which contains the EA 24-54
(RAI0) + (RB).

eielo Storage synchronization. All loads and stores that 24-61
precede the eieio instruction complete before any
loads and stores that follow the instruction access
main storage.
Implemented as syne, which is more restrictive.

icbi RA, RB Invalidate the instruction cache block which contains 24-65
the EA (RAIO) + (RB).

icbt RA, RB Load the instruction cache block which contains the 24-66
EA (RAIO) + (RB).

isync Synchronize execution context by flushing the 24-70
prefetch queue.

mfdcr RT, DCRN Move from DCR to RT, 24-110
(RT) <« (DCR(DCRN)).

mftb RT Move the contents of a Time Base Register (TBR) into 24-114
AT,
TBRN « TBRFsg || TBRFy,4
(RT) « (TBR(TBRN)) )

mfmsr RT Move from MSR to RT, 24-118
(RT) « (MSR).
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Table B-3. Instructions in the IBM PowerPC Embedded Environment (continued)

Mnemonic | Operands

Function

Other Registers
Changed

Page

mfspr

RT, SPRN

Move from SPRto RT, .

(RT) « (SPR(SPRN)).
Privileged for all SPRs except

LR, CTR, TBHU, TBLU, and XER.

24-112

mtder

DCRN, RS

Move to DCR from RS,
(DCR(DCRN)) « (RS).

24-117

mtmsr

RS

Move to MSR from RS,
(MSR) « (RS).

24-118

mtspr

SPRN, RS

Move to SPR from RS,
(SPR(SPRN)) « (RS).
Privileged for all SPRs except
LR, CTR, and XER.

24-119

rfci

Return from critical interrupt
(PC) « (SRR2).
(MSR) « (SRR3).

24-144

rfi

Return from interrupt.
(PC) « (SRRO).
(MSR) « (SRR1).

24-145

tibia

All of the entries in the TLB are invalidated and
become unavailable for translation by clearing the
valid (V) bit in the TLBHI portion of each TLB entry.
The rest of the fields in the TLB entries are
unmodified.

24-183

tibre

RT, RAWS

If WS =0:

Load TLBHI portion of the selected TLB entry into RT.
Load the PID register with the contents of the TID field
of the selected TLB entry.

(RT) « TLBHI[(RA)]

(PID) « TLB[(RA)lnp

fWS=1:

Load TLBLO portion of the selected TLB entry into
RT.

(RT) « TLBLO[(RA)]

24-184
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Table B-3. Instructions in the IBM PowerPC Embeddéd Environment (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

tibsx

RT,RA,RB

tibsx.

Search the TLB array for a valid entry which
translates the EA
EA = (RAIO) + (RB).
If found,
(RT) « Index of TLB entry.
If not found,
(RT) Undefined.

If found,
(RT) « Index of TLB entry.
CRICROJgq <« 1.

If not found,
(RT) Undefined.
CR[CRO]gq ¢« 1.

CRICRO]1aT,s0

24-186

tibsync

tibsync does not complete until all previous TLB-
update instructions executed by this processor have

For the PPC405GP, tlbsync is a no-op.

been received and completed by all other processors.

24-187

tibwe

RS, RAWS

If WS =0:

Write TLBHI portion of the selected TLB entry from
RS.

Write the TID field of the selected TLB entry from the
PID register.

TLBHI[(RA)] « (RS)

TLB[(RA)Irp ¢ (PID)24:31

fWS =1:

Write TLBLO portion of the selected TLB entry from
RS.

TLBLO[(RA)] « (RS)

24-188

wrtee

RS

Write value of RSy to MSR[EE].

24-196

wrteei

Write value of E to MSR[EE].

24-197

B.3 Privileged Instructions

Table B-4 lists instructions that are under control of the MSR[PR] bit. These instructions are not
allowed to be executed when MSR[PR] = 1:

Table B-4. Privileged Instructions

Other Registers
Mnemonic | Operands Function Changed Page
dcbi RA, RB Invalidate the data cache block which contains the EA 24-50
(RAIO) + (RB).
decci RA, RB Invalidate the data cache congruence class associated 24-56
with the EA (RAIO) + (RB).
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Table B-4. Privileged Instructions (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

dcread

RT, RA,
RB

Read either tag or data information from the data cache
congruence class associated with the EA (RAIO) + (RB).
Place the results in RT.

24-57

ccci

RA, RB

Invalidate instruction cache.

24-67

icread

RA, RB

Read either tag or data information from the instruction
cache congruence class associated with the EA
(RAID) + (RB).

Place the results in ICDBDR.

24-68

mfder

RT, DCRN

Move from DCR to RT,
(RT) < (DCR(DCRN)).

24-110

mfmsr

RT

Move from MSR to RT,
(RT) « (MSR).

24-118

mfspr

RT, SPRN

Move from SPR to RT,

(RT) < (SPR(SPRN)).
Privileged for all SPRs except

LR, CTR, TBHU, TBLU, and XER.

24-112

mtder

DCRN, RS

Move to DCR from RS,
(DCR(DCRN)) « (RS).

24-117

mtmsr

RS

Move to MSR from RS,
(MSR) « (RS).

24-118

mtspr

SPRN, RS

Move to SPR from RS,
(SPR(SPRN)) « (RS).
Privileged for all SPRs except
LR, CTR, and XER.

24-119

rfcl

Return from critical interrupt
(PC) « (SRR2).
(MSR) « (SRR3).

24-144

rfi

Return from interrupt.
(PC) « (SRRO).
(MSR) « (SRR1).

24-145

tibre

RT,
RAWS

If WS =0: :

Load TLBHI portion of the selected TLB entry into RT.
Load the PID register with the contents of the TID field of
the selected TLB entry.

(RT) « TLBHI[(RA)]

(PID) « TLB[(RA)lrip

fWS=1:
Load TLBLO portion of the selected TLB entry into RT.

24-184
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Table B-4. Privileged Instructions (continued)

Other Registers
Mnemonic | Operands Function Changed Page

tibsx RT,RA,RB | Search the TLB array for a valid entry which translates 24-186
: the EA
EA = (RAI0) + (RB).
If found,

(RT) ¢« Index of TLB entry.
If not found,

(RT) Undefined.

tibsx. If found, CR[CROILT,GT,SO
(RT) <« Index of TLB entry.
CR[CRO]gq « 1.

If not found,
(RT) Undefined.

CRICROJgq « 1.

tibwe RS, fWS=0: . 24-188
RAWS Write TLBHI portion of the selected TLB entry from RS.
Write the TID field of the selected TLB entry from the PID
register.

TLBHI[(RA)] « (RS)

TLB[(RA)ltip < (PID)24:31

fWS=1:
Write TLBLO portion of the selected TLB entry from RS.
TLBLO[(RA)] < (RS)

wrtee RS Write value of RS;g to the External Enable 24-196
bit (MSR[EE]).

wrteei E Write value of E to the External Enable 24-197
bit (MSRI[EE]). .

B.4 Assembler Extended Mnemonics

In the appendix “Assembler Extended Mnemonics” of the PowerPC Architecture, it is required that a
PowerPC assembler support at least a minimal set of extended mnemonics. These mnemonics
encode to the opcodes of other instructions; the only benefit of extended mnemonics is improved
usability. Code using extended mnemonics can be easier to write and to understand. Table B-5 lists
the extended mnemonics required for the PPC405GP.

Note for every Branch Conditional mnemonic:

Bit 4 of the BO field provides a hint about the most likely outcome of a conditional branch. (“Branch
Prediction” on page 3-36 describes branch prediction). Assemblers should set BO4 = 0 unless a
specific reason exists otherwise. In the BO field values specified in the following table, BO,4 = 0 has
always been assumed. The assembler must allow the programmer to specify branch prediction. To do
this, the assembler will support a suffix to every conditional branch mnemonic, as follows:

+Predict branch to be taken.

—Predict branch not to be taken.
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As specific examples, be also could be coded as be+ or be—, and bne also could be coded bne+ or
bne-. These alternate codings set BO,4 = 1 only if the requested prediction differs from the standard
prediction (see “Branch Prediction” on page 3-36).

Table B-5. Extended Mnemonics for PPC405GP

Mnemonic

Operénds

Function

Other Registers
Changed

Page

betr

betrl

Branch unconditionally to address in CTR.
Extended mnemonic for
bcetr 20,0

Extended mnemonic for
becetri 20,0

(LR) < CIA +4

24-26

bdnz

bdnza

bdnazl

bdnzla

target

Decrement CTR.

Branch if CTR = 0.
Extended mnemonic for
be 16,0,target

Extended mnemonic for
bca 16,0,target

Extended mnemonic for
bel 16,0,target

(LR) < CIA + 4.

Extended mnemonic for
bcla 16,0,target

(LR) < CIA + 4.

24-20

bdnzir

bdnazir}

Decrement CTR.

Branch, if CTR # 0,to address in LR.
Extended mnemonic for
bclr 16,0

Extended mnemonic for
bcirl 16,0

(LR) « CIA + 4.

24-30

bdnzf -

bdnzfa

bdnzfl

bdnzfla

cr_bit, target

Decrement CTR.

Branch if CTR # 0 AND CR; it =0.
Extended mnemonic for
be 0,cr_bit,target

Extended mnemonic for
bca 0,cr_bit,target

Extended mnemonic for
bel 0,cr_bit,target

(LR) < CIA + 4.

Extended mnemonic for
bcla 0,cr_bit,target

(LR) < CIA + 4.

24-20

bdnzfir

bdnzfirl

cr_bit

Decrement CTR.

Branch, if CTR # 0 AND CR; i =0, to address in LR.
Extended mnemonic for
belr 0,cr_bit

Extended mnemonic for
belrl 0,cr_bit

(LR) <~ CIA + 4.

24-30
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Table B-5. Extended Mnemonics for PPC405GP (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

bdnzt

bdnzta

bdnztl

bdnztla

cr_bit, target

Decrement CTR.

Branch if CTR # 0 AND CRg, pi= 1.
Extended mnemonic for
be 8,cr_bittarget

Extended mnemonic for
bca 8,cr_bit,target

Extended mnemonic for
bel 8,cr_bit,target

(LR) < CIA + 4.

Extended mnemonic for
bcla 8,cr_bit,target

(LR) « CIA + 4.

24-20

bdnztir

bdnztirl

cr_bit

Decrement CTR.

Branch, if CTR = 0 AND CR, pj; = 1, to address in LR.
Extended mnemonic for
belr 8,cr_bit

Extended mnemonic for
belrl 8,cr_bit

(LR) < CIA + 4.

24-30

bdz

bdza

bdzl

bdzla

target

Decrement CTR.

Branch if CTR = 0.
Extended mnemonic for
bec 18,0,target

Extended mnemonic for
bca 18,0,target

Extended mnemonic for
bel 18,0,target

(LR) < CIA + 4.

Extended mnemonic for
bcla 18,0,target

(LR) < CIA + 4.

24-20

bdzir

bdzirl

Decrement CTR.

Branch, if CTR = 0, to address in LR.
Extended mnemonic for
belr 18,0

Extended mnemonic for
bcirl 18,0

(LR) < CIA + 4.

24-30

bdzf

bdzfa

bdzfl

bdzfla

cr_bit, target

Decrement CTR.

Branch if CTR = 0 AND CR, = 0.
Extended mnemonic for
be 2,cr_bit,target

Extended mnemonic for
bea 2,cr_bittarget

Extended mnemonic for
bel 2,cr_bit,target

(LR) <~ CIA + 4.

Extended mnemonic for
bela 2,cr_bit,target

(LR) < CIA + 4.

24-20
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Table B-5. Extended Mnemonics for PPC405GP (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

bdzflr

cr_bit

bdzfirl

Decrement CTR.

Branch, if CTR = 0 AND CR,, y;; = 0 to address in LR.
Extended mnemonic for
belr 2,cr_bit

Extended mnemonic for
belrl 2,cr_bit

(LR) < CIA + 4.

24-30

bdzt

cr_bit, target

bdzta

bdztl

bdztla

Decrement CTR. .
Branch if CTR = 0 AND CR, py = 1.
Extended mnemonic for
be 10,cr_bit,target

Extended mnemonic for
bca 10,cr_bit,target

Extended mnemonic for
bel 10,cr_bit,target

(LR) « CIA + 4.

Extended mnemonic for
bcla 10,cr_bit,target

(LR) « CIA + 4.

24-20

bdztir

cr_bit

bdztirl

Decrement CTR.

Branch, if CTR = 0 AND CR, u;; = 1, to address in LR.
Extended mnemonic for
belr 10,cr_bit

Extended mnemonic for
belrl 10,cr_bit

(LR) < CIA + 4.

24-30

beq

[er_field,]
target

beqa

beql

beqla

Branch if equal. )
Use CRO if cr_field is omitted.
Extended mnemonic for
be 12,4«cr_field+2,target

Extended mnemonic for
beca 12,4+cr_field+2,target

Extended mnemonic for
bcel 12,4xcr_field+2,target

(LR) « CIA + 4.

Extended mnemonic for
bela 12,4+«cr_field+2,target

| (LR) < CIA +4.

24-20

begqctr

[cr_field)

beqctrl

Branch, if equal, to address in CTR.
Use CRO if cr_field is omitted.
Extended mnemonic for
beetr 12,4+cr_field+2

Extended mnemonic for
beetrl 12,4+cr_field+2

(LR) < CIA + 4.

24-26
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Table B-5. Extended Mnemonics for PPC405GP (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

beqir

beqirl

[cr_field]

Branch, if equal, to address in LR.
Use CRO if cr_field is omitted.
Extended mnemonic for
belr 12,4xcr_field+2

Extended mnemonic for
belrl 12,4xcr_field+2

(LR) < CIA + 4.

24-30

bf

bfa

bfl

bfla

cr_bit, target .

Branch if CR¢; pj = 0.
Extended mnemonic for
bc 4,cr_bit,target

Extended mnemonic for
bca 4,cr_bit,target

Extended mnemonic for
bcl 4,cr_bit,target

(LR) < CIA + 4.

Extended mnemonic for
bcla 4,cr_bit,target

(LR) < CIA + 4.

24-20

bfctr

| bfetrl

cr_bit

Branch, if CR¢_pt = 0, to address in CTR.
Extended mnemonic for
becetr 4,cr_bit

Extended mnemonic for
beetrl 4,cr_bit

(LR) « CIA + 4.

24-26

bflr

bfirl

cr_bit

Branch, if CR¢r_pi¢ = 0, to address in LR.
Extended mnemonic for
bclr 4,cr_bit

Extended mnemonic for
belrl 4,cr_bit

(LR) < CIA + 4.

24-30

bge

bgea

bgel

bgela

[cr_field,]
target

Branch if greater than or equal.
Use CRO if cr_field is omitted.
Extended mnemonic for
be 4,4xcr_field+0,target

Extended mnemonic for
bca 4,4+cr_field+0,target

Extended mnemonic for
bcl 4,4«cr_field+0,target

(LR) « CIA + 4.

Extended mnemonic for
bcla 4,4+cr_field+0,target

(LR) < CIA + 4.

24-20

bgectr

bgectrl

[cr_field]

Branch, if greater than or equal, to address in CTR.

Use CRO if cr_field is omitted.
Extended mnemonic for
becetr 4,4+cr_field+0

Extended mnemonic for
beetrl 4,4+cr_field+0

(LR) < CIA + 4.

24-26
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Table B-5. Extended Mnemonics for PPC405GP (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

bgelr

[er_field]

bgelrl

Branch, if greater than or equal, to address in LR.

Use CRO if cr_field is omitted.
Extended mnemonic for
belr 4,4«cr_field+0

Extended mnemonic for
belrl 4,4x«cr_field+0

(LR) < CIA + 4.

24-30

bgt.

[cr_field,]
target

bgta

bgtl

bgtla

Branch if greater than.

Use CRO if cr_field is omitted.
Extended mnemonic for
be 12,4«cr_field+1,target

Extended mnemonic for
bea 12,4«cr_field+1,target

Extended mnemonic for
bel 12,4+cr_field+1,target

(LR) < CIA + 4.

Extended mnemonic for
bela 12,4+cr_field+1,target

(LR) <~ CIA + 4.

24-20

bgtetr

[er_field]

bgtctrl

Branch, if greater than, to address in CTR.

Use CRO if cr_field is omitted.
Extended mnemonic for
becetr 12,4+cr_field+1

Extended mnemonic for
bectrl 12,4+cr_field+1

(LR) «— CIA + 4.

24-26

bgtir

[cr_field)

bgtirl

Branch, if greater than, to address in LR.
Use CRO if cr_field is omitted.

Extended mnemonic for

belr 12,4*cr_field+1

Extended mnemonic for
belrl 12,4+cr_field+1

(LR) < CIA + 4.

24-30

ble

[er_field,]
target

blea

blel

blela

Branch if less than or equal.
Use CRO if cr_field is omitted.
Extended mnemonic for
be 4,4xcr_field+1,target

Extended mnemonic for
bea 4,4+«cr_field+1,target

Extended mnemonic for
bel 4,4+xcr_field+1,target

(LR) < CIA + 4.

Extended mnemonic for
bcla 4,4+cr_field+1,target

(LR) <~ CIA + 4.

24-20
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Table B-5. Extended Mnemonics for PPC405GP (continued)

Other Registers
Mnemonic | Operands Function Changed Page

blectr [cr_field] Branch, if less than or equal, to address in CTR. 24-26

Use CRO if cr_field is omitted.
Extended mnemonic for
becetr 4,4xcr_field+1

blectrl Extended mnemonic for (LR) <« CIA + 4.
becetrl 4,4xcr_field+1

blelr [er_field] Branch, if less than or equal, to address in LR. 24-30

Use CRO if cr_field is omitted.
Extended mnemonic for
belr 4,4+cr_field+1

blelrl Extended mnemonic for (LR) « CIA + 4,
belrl 4,4+cr_field+1

bir Branch, unconditionally, to address in LR. 24-30
~ Extended mnemonic for
belr 20,0

birl ' Extended mnemonic for (LR) « CIA + 4.
belrl 20,0

bit [cr_field,] Branch if less than. : 24-20
target Use CRO if cr_field is omitted.
Extended mnemonic for

be 12,4+cr_field+0,target

blta Extended mnemonic for
bea 12,4«cr_field+0,target

bltl Extended mnemonic for (LR) « CIA + 4.
bel 12,4«cr_field+0,target

bitla Extended mnemonic for (LR) < CIA + 4.
bcela 12,4+cr_field+0,target

bltctr [cr_field] Branch, if less than, to address in CTR. 24-26

Use CRO if cr_field is omitted.
Extended mnemonic for
becetr 12,4+cr_field+0

bltctrl Extended mnemonic for (LR) <~ CIA + 4.
becetrl 12,4+cr_field+0

bltir [cr_field] Branch, if less than, to address in LR. 24-30

Use CRO if cr_field is omitted.
Extended mnemonic for
belr 12,4xcr_field+0

bltirl Extended mnemonic for (LR) « CIA + 4.
belrl 12,4+cr_field+0
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Table B-5. Extended Mnemonics for PPC405GP (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

bne

[er_field,]
target

bnea

bnel

bnela

Branch if not equal.

Use CRO if cr_field is omitted.
Extended mnemonic for
be 4,4xcr_field+2,target

Extended mnemonic for
bca 4,4xcr_field+2,target

Extended mnemonic for
bcl 4,4xcr_field+2,target

(LR) «— CIA + 4.

Extended mnemonic for
bcla 4,4+cr_field+2,target

(LR) < CIA + 4.

24-20

bnectr

[cr_field)

bnectrl

Branch, if not equal, to address in CTR.
Use CRO if cr_field is omitted.
Extended mnemonic for
becetr 4,4+cr_field+2

Extended mnemonic for
becetrl 4,4+cr_fleld+2

(LR) « CIA + 4.

24-26

bnelr

[er_field]

bnelrl

Branch, if not equal, to address in LR.
Use CRO if cr_field is omitted.
Extended mnemonic for
belr 4,4*cr_field+2

Extended mnemonic for
belrl 4,4xcr_fleld+2

(LR) < CIA + 4.

24-30

bng

[er_field,]
target

bnga

bngl

bngla

Branch, if not greater than.
Use CRO if cr_field is omitted.
Extended mnemonic for
bc 4,4+cr_field+1,target

Extended mnemonic for
bea 4,4+cr_field+1,target

Extended mnemonic for
bel 4,4«cr_field+1,target

(LR) « CIA + 4.

Extended mnemonic for
bcela 4,4+cr_field+1,target

(LR) < CIA + 4.

24-20

bngctr

[er_field]

bngctrl

Branch, if not greater than, to address in CTR.
Use CRO if cr_field is omitted.

Extended mnemonic for

becetr 4,4xcr_field+1

Extended mnemonic for
beetri 4,4+cr_field+1

(LR) < CIA + 4.

24-26
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Table B-5. Extended Mnemonics for PPC405GP (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

bngir

bngirl

[cr_field]

Branch, if not greater than, to address in LR.
Use CRO if cr_field is omitted.

Extended mnemonic for

belr 4,4+cr_field+1

Extended mnemonic for
belrl 4,4+cr_field+1

(LR) < CIA + 4.

24-30

bnl

bnla

bnll

bnlla

[er_field,]
target

Branch if not less than.

Use CRO if cr_field is omitted.
Extended mnemonic for
be 4,4+cr_field+0,target

Extended mnemonic for
bca 4,4+cr_field+0,target

Extended mnemonic for
bel 4,4xcr_field+0,target

(LR) < CIA + 4.

Extended mnemonic for
bcla 4,4+cr_field+0,target

(LR) < CIA + 4.

24-20

bnlctr

bnlctrl

[cr_field]

Branch, if not less than, to address in CTR.

Use CRQO if cr_field is omitted.
Extended mnemonic for
becetr 4,4xcr_field+0

Extended mnemonic for
becetrl 4,4+cr_field+0

(LR) « CIA + 4.

24-26

bnlir

bnlirl

[cr_field]

Branch, if not less than, to address in LR.
Use CRO if cr_field is omitted.

Extended mnemonic for

beir 4,4+cr_field+0

Extended mnemonic for
belirl 4,4+cr_field+0

(LR) <« CIA + 4.

24-30

bns

bnsa

bnsl

bnsla

[cr_field,]
target

Branch if not summary overflow.
Use CRO if cr_field is omitted.
Extended mnemonic for
be 4,4+cr_field+3,target

Extended mnemonic for
bca 4,4+xcr_field+3,target

Extended mnemonic for
bel 4,4«cr_field+3,target

(LR) < CIA + 4.

Extended mnemonic for
bela 4,4+cr_field+3,target

(LR) < CIA + 4.

24-20
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Table B-5. Extended Mnemonics for PPC405GP (continued)

Mnemonic,

Operands

Function

Other Registers
Changed

Page

bnsctr

bnsctrl

[cr_field]

Branch, if not summary overflow, to address in CTR.
Use CRO if cr_field is omitted.

Extended mnemonic for

becetr 4,4+cr_field+3

Extended mnemonic for
becetrl 4,4xcr_field+3

(LR) < CIA + 4.

24-26

bnslir

bnsirl

[er_field]

Branch, if not summary overflow, to address in LR.
Use CRO if cr_field is omitted.

Extended mnemonic for

belr 4,4+cr_field+3

Extended mnemonic for
belrl 4,4xcr_{field+3

(LR) < CIA + 4.

24-30

bnu

bnua

bnul

bnula

[cr_field,]
target

Branch if not unordered.

Use CRO if cr_field is omitted.
Extended mnemonic for
be 4,4xcr_field+3,target

Extended mnemonic for
bea 4,4+«cr_field+3,target

Extended mnemonic for
bel 4,4+cr_tield+3,target

(LR) < CIA + 4.

Extended mnemonic for
bela 4,4xcr_field+3,target

(LR) < CIA + 4.

24-20

bnuctr

bnuctrl

[cr_field]

Branch, if not unordered, to address in CTR.
Use CRO if cr_field is omitted.

Extended mnemonic for

becetr 4,4+cr_field+3

Extended mnemonic for
beetrl 4,4+cr_field+3

(LR) « CIA + 4.

24-26

bnulr

bnulrl

[cr_field]

Branch, if not unordered, to address in LR.
Use CRO if cr_field is omitted.

Extended mnemonic for

belr 4,4xcr_field+3

Extended mnemonic for
belrl 4,4+cr_field+3

(LR) < CIA + 4.

24-30
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Table B-5. Extended Mnemonics for PPC405GP (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

bso

bsoa

bsol

bsola

[er_field,]
target

Branch if summary overflow.
Use CRO if cr_field is omitted.
Extended mnemonic for
be 12,4+cr_field+3,target

Extended mnemonic for
beca 12,4+cr_field+3,target

Extended mnemonic for
bel 12,4+cr_field+3,target

(LR) < CIA + 4.

Extended mnemonic for
bela 12,4+cr_field+3,target

(LR) < CIA + 4.

24-20

bsoctr

bsoctrl

[cr_field]

Branch, if summary overflow, to address in CTR.

Use CRO if cr_field is omitted.
Extended mnemonic for
beetr 12,4xcr_field+3

Extended mnemonic for
becetrl 12,4+cr_field+3

(LR) < CIA + 4.

24-26

bsolr

bsolrl

[cr_field]

Branch, if summary overflow, to address in LR.
Use CRO if cr_field is omitted.

Extended mnemonic for

belr 12,4xcr_field+3

Extended mnemonic for
belrl 12,4+«cr_field+3

(LR) < CIA + 4.

24-30

bt

bta

btl

btla

cr_bit, target

Branch if CRCf_bit =1.
Extended mnemonic for
be 12,cr_bit,target

Extended mnemonic for
bca 12,cr_bit,target

Extended mnemonic for
bel 12,cr_bit,target

(LR) < CIA + 4.

Extended mnemonic for
bela 12,cr_bit,target

(LR) < CIA + 4.

24-20

btetr

btctrl

cr_bit

Branch if CRg; py =1,

to address in CTR.
Extended mnemonic for
beetr 12,cr_bit

Extended mnemonic for
becetrl 12,cr_bit

(LR) < CIA + 4.

24-26

btir

btirl

cr_bit

Branch, if CR, it = 1, to address in LR.
Extended mnemonic for
belr 12,cr_bit

Extended mnemonic for
belrl 12,cr_bit

(LR) < CIA + 4.

24-30
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Table B-5. Extended Mnemonics for PPC405GP (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

bun

[er_field,)
target

buna

bunl

bunla

Branch if unordered.

Use CRO if cr_field is omitted.
Extended mnemonic for
bc 12,4+cr_field+3,target

Extended mnemonic for
bea 12,4+cr_field+3,target

Extended mnemonic for
bel 12,4xcr_field+3,target

(LR) < CIA + 4.

Extended mnemonic for
bela 12,4+cr_field+3,target

(LR) « CIA + 4.

24-20

bunctr

[cr_field]

bunctrl

Branch, if unordered, to address in CTR.

Use CRO if cr_field is omitted.
Extended mnemonic for
becetr 12,4+cr_field+3

Extended mnemonic for
becetrl 12,4xcr_field+3

(LR) < ClA + 4.

24-26

bunir

[cr_field]

bunirl

Branch, if unordered, to address in LR.
Use CRO if cr_field is omitted.
Extended mnemonic for
belr 12,4xcr_field+3

Extended mnemonic for
belrl 12,4+cr_field+3

(LR) < CIA + 4.

24-30

clrlwi

RA, RS, n

clrlwi.

Clear left immediate. (n < 32)
(RA)o:nq "0
Extended mnemonic for
rlwinm RA,RS,0,n,31

Extended mnemonic for
rlwinm. RA,RS,0,n,31

CR[CRO]

24-147

clrislwi

RA, RS, b, n

cirislwi.

Clear left and shift left immediate.
(n<b<32)
(RA)b_n:31-n < (RS)p.34
(RA)sz-n:a1 « "o
(RA)g:p—n-1 < b-no

Extended mnemonic for

rlwinm RA,RS,n,b-n,31-n

Extended mnemonic for
rlwinm. RA,RS,n,b-n,31-n

CRICRO0]

24-147

clrrwi

RA, RS, n

clrrwi.

Clear right immediate. (n < 32)
(RA)32nat < "0
Extended mnemonic for
riwinm RA,RS,0,0,31-n

Extended mnemonic for
riwinm. RA,RS,0,0,31-n

CRICRO0]

24-147
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Table B-5. Extended Mnemonics for PPC405GP (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

cmplw

[BF] RA, RB

Compare Logical Word.

Use CRO if BF is omitted.
Extended mnemonic for
cmpl BF,0,RA,RB

24-36

cmplwi

[BF] RA, IM

Compare Logical Word Immediate.
Use CRO if BF is omitted.
Extended mnemonic for
cmpli BF,0,RA,IM

24-37

cmpw

[BF] RA, RB

Compare Word.

Use CRO if BF is omitted.
Extended mnemonic for
cmp BF,0,RA,RB

24-34

-| empwi

[BF] RA, IM

Compare Word Immediate.

Use CRO if BF is omitted.
Extended mnemonic for
cmpi BF,0,RA,IM

24-35

crelr

bx

Condition register clear.
Extended mnemonic for
crxor bx,bx,bx

24-46

crmove

bx, by

Condition register move.
Extended mnemonic for
cror bx,by,by

24-44

crnot

bx, by

Condition register not.
Extended mnemonic for
crnor bx,by,by

24-43

crset

bx

Condition register set.
Extended mnemonic for
creqv bx,bx,bx

24-41

extlwi

extiwi.

RA, RS, n, b

Extract and left justify immediate. (n > 0)
(RA)oin-1 < gRS)b:b+n—1
(RA)ya1 370

Extended mnemonic for

rlwinm RA,RS,b,0,n-1

Extended mnemonic for
rlwinm. RA,RS,b,0,n-1

CRI[CRQ]

24-147

extrwi

extrwl.

RA,RS,n, b

Extract and right justify immediate. (n > 0)
(RA)32-n31 < SRS)b:b+n—1
(RA)o31-n < %50

Extended mnemonic for

rlwinm RA,RS,b+n,32-n,31

Extended mnemonic for
rlwinm. RA,RS,b+n,32-n,31

CRICRO]

24-147
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Table B-5. Extended Mnemonics for PPC405GP (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

inslwi

RA,RS, n, b

inslwi.

Insert from left immediate. (n > 0)
(RA)p:b4n-1 < (RS)omn-
Extended mnemonic for
rlwimi RA,RS,32-b,b,b+n-1

Extended mnemonic for
riwimi. RA,RS,32-b,b,b+n-1

CRICRO]

24-146

insrwi

RA,RS,n, b

insrwi.

Insert from right immediate. (n > 0)
(RA)bin-1 < (RS)32-n:31
Extended mnemonic for
rlwimi RA,RS,32-b-n,b,b+n-1

Extended mnemonic for
riwimi. RA,RS,32-b-n,b,b+n-1

CRICRO]

24-146

AT, D(RA)

Load address. (RA # 0}
D is an offset from a base address that is assumed to
be (RA).
(RT) « (RA)+ EXTS(D)
Extended mnemonic for
addi RT,RA,D

24-9

RT, IM

Load immediate.

(RT) « EXTS(IM)
Extended mnemonic for
addl RT,0,value

24-9

lis

RT, IM

Load immediate shifted.

(RT) < (IM || 160)
Extended mnemonic for
addis RT,0,value

24-12
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Table B-5. Extended Mnemonlics for PPC405GP (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

mfcer0
mfctr
mfdacl
mfdac2
mfdear
mfdbcr0
mfdbcri
mfdbsr
mfdcer
mfdcwr
mfdve1
mfdvc2
mfesr
mfevpr
mfiaci
mfiac2
mfiac3
mfiac4
mficer
mficdbdr
mflr
mfpid
mfpit
mfpvr
mfsgr
mfsler
mfsprg0
mfsprgi
mfsprg2
mfsprg3
mfsprg4
mfsprg5
mfsprg6
mfsprg?
mfsrr0
mfsrr1
mfsrr2
mfsrr3
mfsulr
mfter
mftsr
mfxer
mfzpr

RT

Move from special purpose register (SPR) SPRN.

Extended mnemonic for
mfspr RT,SPRN

See Table 25-2, “Special Purpose Registers,” on
page 25-2 for listing of valid SPRN values.

24-112

mftb

RT

Move the contents of TBL into RT,
(RT) « (TBL)

Extended mnemonic for

mftb RT,TBL

24-114
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Table B-5. Extended Mnemonics for PPC405GP (continued)

Other Registers
Mnemonic| Operands Function Changed Page
mitbu RT Move the contents of TBU into RT, 24-114
(RT) « (TBU)
Extended mnemonic for
mftb RT,TBU
mr RT, RS Move register. 24-140
(RT) « (RS)
Extended mnemonic for
or RT,RS,RS
mr. Extended mnemonic for CR[CRO]
or. RT,RS,RS
mter RS Move to Condition Register. 24-116
Extended mnemonic for
mterf OXFF,RS
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Table B-5. Extended Mnemonics for PPC405GP (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

mtcer0
mtctr
mtdac1
mtdac2
mtdber0
mtdber1
mtdbsr
mtdccr
mtdear
mtdewr
mtdvel
mtdve2
mtesr
mtevpr
mtiac1
mtiac2
mtiac3
mtiac4
mticcr
mticdbdr
mtir
mtpid
mtpit
mtpvr
mtsgr
mtsler
mtsprg0
mtsprg1l
mtsprg2
mtsprg3
mtsprg4
mtsprg5
mtsprg6
mtsprg7
mtsrr0
mtsrri
mtsrr2
mtsrr3
mtsuOr
mttbl
mttbu
mtter
mitsr
mtxer
mtzpr

RS

Move to SPR SPRN.
Extended mnemonic for
mtspr SPRN,RS

See Table 25-2, “Special Purpose Registers,” on
page 25-2 for listing of valid SPRN values.

24-119

nop

Preferred no-op; triggers optimizations based on

no-ops.
Extended mnemonic for
ori 0,0,0

24-142
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Table B-5. Extended Mnemonics for PPC405GP (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

not

RA, RS

not.

Complement register.

(RA) <« —(RS)
Extended mnemonic for
nor RA,RS,RS

Extended mnemonic for
nor. RA,RS,RS

CRICRO]

24-139

rotlw

RA, RS, RB

rotlw.

Rotate left.

(RA) « ROTL((RS), (RB)27:31)
Extended mnemonic for
rliwnm RA,RS,RB,0,31

Extended mnemonic for
rlwnm. RA,RS,RB,0,31

CRICRO]

24-150

rotiwi

RA, RS, n

rotlwi.

Rotate left immediate.

(RA) « ROTL((RS), n)
Extended mnemonic for
riwinm RA,RS,n,0,31

Extended mnemonic for
rlwinm. RA,RS,n,0,31

CRICRO]

24-147

rotrwi

RA, RS, n

rotrwi.

Rotate right immediate.
(RA) « ROTL((RS), 32-n)
Extended mnemonic for
riwinm RA,RS,32-n,0,31

Extended mnemonic for
riwinm. RA,RS,32-n,0,31

CRICRO]

24-147

slwi

RA, RS, n

slwi.

Shift left immediate. (n < 32)

(RA)0:31—n & (RS)n:31

(RA)32na1 < "0
Extended mnemonic for
rlwinm RA,RS,n,0,31-n

Extended mnemonic for
rlwinm. RA,RS,n,0,31-n

CRICRO]

24-147

srwi

RA, RS, n

srwi.

Shift right immediate. (n < 32) |
(RA)n:31 < (RS)o:31-n
(RA)g:n-1 < "0
Extended mnemonic for
rlwinm RA,RS,32-n,n,31

Extended mnemonic for
rlwinm. RA,RS,32-n,n,31

CR[CRO]

24-147
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Table B-5. Extended Mnemonics for PPC405GP (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

sub

sub.

subo

subo.

RT, RA, RB

Subtract (RB) from (RA).
(RT) « —(RB) + (RA) + 1.
Extended mnemonic for

subf RT,RB,RA

Extended mnemonic for
subf. RT,RB,RA

CRICRO]

Extended mnemonic for
subfo RT,RB,RA

XER[SO, OV]

Extended mnemonic for
subfo. RT,RB,RA

CRICRO]
XER[SO, OV]

24-176

subc

subc.

subco

subco.

RT, RA, RB

Subtract (RB) from (RA).

(RT) < —(RB) + (RA) + 1.

Place carry-out in XER[CA].
Extended mnemonic for
subfc RT,RB,RA

Extended mnemonic for
subfc. RT,RB,RA

CRICRO]

Extended mnemonic for

~ subfco RT,RB,RA

XER[SO, OV]

Extended mnemonic for
subfco. RT,RB,RA

CRICRO]
XER[SO, OV]

24177

subi

RT, RA, IM

Subtract EXTS(IM) from (RAIO).
Place result in RT.

Extended mnemonic for

addi RT,RA,-IM

24-9

subic

RT, RA, IM

Subtract EXTS(IM) from (RA).

Place result in RT.

Place carry-out in XER[CA].
Extended mnemonic for
addic RT,RA,~IM

24-10

subic.

RT, RA, IM

Subtract EXTS(IM) from (RA).

Place result in RT. ]

Place carry-out in XER[CA].
Extended mnemonic for
addic. RT,RA,-IM

CRICRO]

24-11

subis

RT, RA, IM

Subtract (IM || 160) from (RAIQ).

Place result in RT.
Extended mnemonic for
addis RT,RA,-IM

24-12
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Table B-5. Extended Mnemonics for PPC405GP (continued)

Mnemonic

Operands

Function

Other Registers
Changed

Page

tweqi

RA, IM

twgel

twgti

twlel

twigel

twligti

twllel

twiliti

twingi

twinli

twiti

twnei

twngi

twnili

Trap if (RA) equal to EXTS(IM).
Extended mnemonic for
twi 4,RA,IM

Trap if (RA) greater than or equal to EXTS(IM).
Extended mnemonic for
twl 12,RA,IM

Trap if (RA) greater than EXTS(IM).
Extended mnemonic for
twi 8,RA,IM

Trap if (RA) less than or equal to EXTS(IM).
Extended mnemonic for
twi 20,RA,IM

Trap if (RA) logically greater than or equal to
EXTS(IM).

Extended mnemonic for

twi 5,RA,IM

Trap if (RA) logically greater than EXTS(IM)
Extended mnemonic for
twi 1,RA,IM

Trap if (RA) logically less than or equal to EXTS(IM).

Extended mnemonic for
twi 6,RA,IM

Trap if (RA) logically less than EXTS(IM).
Extended mnemonic for
twi 2,RA,IM

Trap if (RA) logically not greater than EXTS(IM).
Extended mnemonic for
twi 6,RA,IM

Trap if (RA) logically not less than EXTS(IM).
Extended mnemonic for
twi 5,RA,IM

Trap if (RA) less than EXTS(IM).
Extended mnemonic for
twi 16,RA,IM

Trap if (RA) not equal to EXTS(IM).
Extended mnemonic for
twi 24,RA,IM

Trap if (RA) not greater than EXTS(IM).
Extended mnemonic for
twi 20,RA,IM

Trap if (RA) not less than EXTS(IM).
Extended mnemonic for
twi 12,RA,IM
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B.5 Storage Reference Instructions

The PPC405GP uses load and store instructions to transfer data between memory and the general
purpose registers. Load and store instructions operate on byte, halfword and word data. The storage
reference instructions also support loading or storing multiple registers, character strings, and byte-
reversed data. Table B-6 shows the storage reference instructions available for use in the PPC405GP.

Table B-6. Storage Reference Instructions

Mnemonic

Operands

Function

Other Registers
Changed

Page

Ibz

RT, D(RA)

Load byte from EA = (RAIO) + EXTS(D) and pad left
with zeroes, .
(RT) « 20 Il MS(EA,1).

24-71

Ibzu

RT, D(RA)

Load byte from EA = (RAIO) + EXTS(D) and pad left
with zeroes,

(RT) < 2%0 1| MS(EA,1).

Update the base address,

(RA) « EA.

24-72

Ibzux

RT, RA, RB

Load byte from EA = (RAIO) + (RB) and pad left with
zeroes,

(RT) « 240 Il MS(EA,1).

Update the base address,

| (RA) « EA.

24-73

Ibzx

RT, RA, RB

Load byte from EA = (RAIO) + (RB) and pad left with
zeroes,
(RT) < 2%0 Il MS(EA,1).

24-74

lha

RT, D(RA)

Load halfword from EA = (RAIO) + EXTS(D) and sign
extend,
(RT) « EXTS(MS(EA,2)).

24-75

lhau

RT, D(RA)

Load halfword from EA = (RAIQ) + EXTS(D) and sign
extend,

(RT) « EXTS(MS(EA,2)).

Update the base address,

(RA) « EA.

24-76

Ihaux

RT, RA, RB

Load halfword from EA = (RAIO) + (RB) and sign
extend,

(RT) < EXTS(MS(EA,2)).

Update the base address,

(RA) « EA.

24-77

Ihax

RT, RA, RB

Load halfword from EA = (RAIO) + (RB) and sign
extend,
(RT) « EXTS(MS(EA,2)).

24-78

Ihbrx

RT, RA, RB

Load halfword from EA = (RAIO) + (RB), then reverse
byte order and pad left with zeroes,
(RT) < 60 I MS(EA+1,1) Il MS(EA,1).

24-79

lhz

RT, D(RA)

Load halfword from EA = (RAIO) + EXTS(D) and pad
left with zeroes,
(RT) « %0 Il MS(EA,2).

24-80
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Table B-6. Storage Reference Instructions (continued)

Other Registers
Mnemonic | Operands Function Changed Page

Ihzu RT, D(RA) Load halfword from EA = (RAIO0) + EXTS(D) and pad 24-81
left with zeroes,

(RT) « 80 1| MS(EA.2).
Update the base address,

(RA) « EA.
lhzux RT, RA, RB | Load halfword from EA = (RAIO) + (RB) and pad left 24-82
. with zeroes,
(RT) « 'S0 II MS(EA,2).
Update the base address,
(RA) « EA.
lhzx RT, RA, RB | Load halfword from EA = (RAIO) + (RB) and pad left 24-83
with zeroes,
(RT) « 60 Il MS(EA,2).
Imw RT, D(RA) Load multiple words starting from 24-84

EA = (RAIO) + EXTS(D).

Place into consecutive registers, RT through
GPR(31).

RA is not altered unless RA = GPR(31).

Iswi RT, RA,NB | Load consecutive bytes from EA = (RAIO). 24-85
Number of bytes n= 32 if NB =0, else n= NB.
Stack bytes into words in CEIL(n/4)
consecutive registers starting with RT, to
RENAL < ((RT + CEIL(n/4) - 1) % 32).
GPR(0) is consecutive to GPR(31).

RA is not altered unless RA = Rgjnac.

Iswx RT, RA, RB | Load consecutive bytes from EA=(RAIO)+(RB). 24-87
Number of bytes n = XER[TBC].

Stack bytes into words in CEIL(n/4) consecutive
registers starting with RT, to

ReinaL < ((RT + CEIL(n/4) — 1) % 32).

GPR(0) is consecutive to GPR(31).

RA is not altered unless RA = RgyaL-

RB is not altered unless RB = RgnaL-

If n=0, content of RT is undefined.

Iwarx RT, RA, RB | Load word from EA = (RAIO) + (RB)and place in RT, 24-89
(RT) < MS(EA4).
Set the Reservation bit.

Iwbrx RT, RA, RB | Load word from EA = (RAIO) + (RB) then reverse byte 24-90

order,

(RT) <~ MS(EA+3,1) 1| MS(EA+2,1) Ii
MS(EA+1,1) Il MS(EA,1).

lwz RT, D(RA) Load word from EA = (RAIQ) + EXTS(D) and place in 24-AH
RT,
(RT) « MS(EA,4).
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Table B-6. Storage Reference Instructions (continued)

Other Registers
Mnemonic | Operands Function Changed Page

lwzu RT, D(RA) Load word from EA = (RAIO) + EXTS(D) and place in 24-92
RT,

(RT) < MS(EA4).
Update the base address,
(RA) « EA.

Iwzux RT, RA, RB | Load word from EA = (RAIO) + (RB) and place in RT, 24-93
(RT) « MS(EA,4).
Update the base address,
(RA) « EA.

Iwzx RT, RA, RB | Load word from EA = (RAIO) + (RB) and place in RT, 24-94
(RT) < MS(EA4).

stb RS, D(RA) Store byte (RS)o4.31 in memory at 24-156
EA = (RAI0) + EXTS(D).

stbu RS, D(RA) Store byte (RS)o4.31 in memory at 24-157
EA = (RAI0) + EXTS(D).
Update the base address,
(RA) « EA.

stbux RS, RA, RB | Store byte (RS)24.31 in memory at 24-158
: EA = (RAIO0) + (RB).
Update the base address,
(RA) « EA.

stbx RS, RA, RB | Store byte (RS),4.31 in memory at 24-159
EA = (RAIO) + (RB).

sth RS, D(RA) Store halfword (RS)4¢.3¢ in memory at 24-160
EA = (RAIO) + EXTS(D).

sthbrx RS, RA, RB | Store halfword (RS)4¢.31 byte-reversed in memory at 24-161
EA = (RAIO) + (RB).
MS(EA, 2) < (RS)p4:31 | (RS)y6:23

sthu RS, D(RA) Store halfword (RS)44.31 in memory at 24-162
EA = (RAIO) + EXTS(D).
Update the base address,
(RA) < EA.

sthux RS, RA, RB | Store halfword (RS)4.31 in memory at 24-163
EA = (RAIO) + (RB).
Update the base address,
(RA) « EA.

sthx RS, RA, RB | Store halfword (RS)44.31 in memory at 24-164
EA = (RAIO) + (RB).

stmw RS, D(RA) Store consecutive words from RS through GPR(31) in : 24-165
memory, starting at
EA = (RAIO) + EXTS(D).
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Table B-6. Storage Reference Instructions (continued)

Other Registers
Mnemonic | Operands Function Changed Page

stswi RS, RA, NB | Store consecutive bytes in memory starting at 24-166
EA=(RAI0).

Number of bytes n= 32 if NB = 0, else n=NB.
Bytes are unstacked from CEIL(n/4) consecutive
registers starting with RS.

GPR(0) is consecutive to GPR(31).

stswx RS, RA, RB | Store consecutive bytes in memory starting at 24-167
EA=(RAIO)+(RB). .

Number of bytes n = XER[TBC].

Bytes are unstacked from CEIL(n/4)
consecutive registers starting with RS.
GPR(0) is consecutive to GPR(31).

stw RS, D(RA) Store word (RS) in memory at 24-169
EA = (RAIO) + EXTS(D).

stwbrx RS, RA, RB | Store word (RS) byte-reversed in memory at EA = 24-170
(RAIO) + (RB).

MS(EA, 4) « (RS)24:31 Il (RS)16:23 |l
(RS)g:15 |l (RS)o:7

stwex. RS, RA, RB | Store word (RS) in memory at EA = (RAIO) + (RB) 24171

only if the reservation bit is set.

if RESERVE = 1 then
MS(EA, 4) < (RS)

RESERVE « 0
(CRICRO]) < 20 || 1 || XERg,
else
(CRI[CRO]) « 20 || 0 || XERg,,
stwu RS, D(RA) Store word (RS) in memory at EA = (RAIO) + 24-173
EXTS(D).
Update the base address,
(RA) « EA.
stwux RS, RA, RB | Store word (RS) in memory at EA = (RAI0) + (RB). 24-174
Update the base address,
(RA) « EA.
stwx RS, RA, RB | Store word (RS) in memory at ' 24-175

EA = (RAI0) + (RB).
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B.6 Arithmetic and Logical Instructions

Table B-7 shows the set of arithmetic and logical instructions supported by the PPC405GP. Arithmetic
operations are performed on integer or ordinal operands stored in registers. Instructions using two
operands are defined in a three operand format where the operation is performed on the operands
stored in two registers and the result is placed in a third register. Instructions using one operand are
defined in a two operand format where the operation is performed on the operand in one register and
the result is placed in another register. Several instructions also have immediate formats in which one

operand is coded as part of the instruction itself. Most arithmetic and logical instructions can

optionally set the condition code register based on the outcome of the instruction.

Table B-7. Arithmetic and Logical Instructions

Other Registers
Mnemonic | Operands Function Changed Page
add RT, RA, RB | Add (RA) to (RB). 24-6
add. Place result in RT. CRICRO]
addo XER[SO, 0V]
addo. CR[CRO0]
XERI[SO, OV]
addc RT, RA, RB | Add (RA) to (RB). 24-7
Place result in RT.
adde. Place carry-out in XER[CA]. CRICRO]
addco XER[SO, 0V]
addco. CRI[CRO]
XERI[SO, OV]
adde RT, RA, RB | Add XER[CA], (RA), (RB). 24-8
Place result in RT. )
adde. Place carry-out in XER[CA]. CRICRO]
addeo XERI[SO, 0V]
addeo. CR[CRO]
XER[SO, OV]
addi RT, RA, IM Add EXTS(IM) to (RAID). 24-9
Place result in RT.
addic RT, RA, IM Add EXTS(IM) to (RAID). 24-10
Place result in RT.
Place carry-out in XER[CA].
addic. RT, RA, IM Add EXTS(IM) to (RAI0). CRICRO] 24-11
Place result in RT.
Place carry-out in XER[CA].
addis RT,RA, IM | Add (IM || 160) to (RAID). 24-12
Place result in RT.
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Table B-7. Arithmetic and Logical Instructions (continued)

Other Registers
Mnemonic | Operands Function Changed Page
addme RT, RA Add XER[CA], (RA), (-1). 24-13
Place result in RT. '
addme. Place carry-out in XER[CA]. CRICRO]
addmeo XER[SO, OV}
addmeo. CR[CRO0]
XER[SO, OV]
addze RT, RA Add XER[CA] to (RA). 24-14
Place result in RT.
addze. Place carry-out in XER[CA]. CRICRO]
addzeo XER[SO, OV]
addzeo. CRI[CRO0]
XER[SO, OV]
and RA, RS, RB [ AND (RS) with (RB). 24-15
and. Place result in RA. CRICRO)
andc RA, RS, RB | AND (RS) with —(RB). 24-16
andc. Place result in RA. CRICRO]
andi. RA, RS, IM | AND (RS) with (%0 || IM). CRICR0] 24-17
Place result in RA.
andis. RA, RS, IM | AND (RS) with (IM || ®0). CRICRO] 24-18
Place result in RA.
cntlzw RA, RS Count leading zeros in RS. 24-38
entlzw. Place result in RA. CRICRO]
divw RT, RA, RB [ Divide (RA) by (RB), signed. 24-59
divw. Place result in RT. CRICRO]
divwo XER[SO, OV]
divwo. CR[CR0]
XER[SO, OV}
divwu RT, RA, RB | Divide (RA) by (RB), unsigned. 24-60
divwu. Place result in RT. CRICRO)
divwuo XER[SO, OV}
divwuo. CR[CRO]
XER[SO, OV]
eqv. RA, RS, RB | Equivalence of (RS) with (RB). 24-62
eqv. (RA) « —((RS) @ (RB)) CRICRO]
extsb RA, RS Extend the sign of byte (RS)24.31. 24-63
extsb. Place the result in RA. CRICRO]
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Table B-7. Arithmetic and Logical Instructions (continued)

Other Registers
‘ Mnemonic | Operands Function Changed Page
extsh RA, RS Extend the sign of halfword (RS)y¢.31- 24-64
extsh. Place the result in RA. CRICRO]
‘ mulhw RT, RA, RB | Multiply (RA) and (RB), signed. 24-125
Place hi-order result in RT.
mulhw. prodgss < (RA) X (RB) (signed). CRICR0]
(RT) « prodgss, :
mulhwu RT, RA, RB | Multiply (RA) and (RB), unsigned. 24-126
Place hi-order result in RT.
muthwu. prodgss < (RA) X (RB) (unsigned). CRICRO]
(RT) ¢ prodg.g4.
mulli RT, RA, IM Multiply (RA) and IM, signed. 24-129
Place lo-order result in RT.
prodg.47 < (RA) X IM (signed)
(RT) ¢ prodyg.47
mullw RT, RA, RB Multiply (RA) and (RB), signed. 24-130
Place lo-order result in RT.
muliw. prodgss < (RA) X (RB) (signed). CRICRO]
mullwo (RT) « prodsz.gs. XER[SO, OV]
muliwo. CR[CRO]
XER[SO, OV]
nand RA, RS, RB | NAND (RS) with (RB). 24-131
nand. Place result in RA. CRICRO]
neg RT, RA Negative (two’s complement) of RA. ' 24-132
neg. (RT) « —(RA)+1 CRICRO]
nego XER[SO, OV]
nego. CRICRO]
XER[SO, OV]
nor RA, RS, RB | NOR (RS) with (RB). 24-139
nor. Place result in RA. CRICRO]
or RA, RS, RB [ OR (RS) with (RB). 24-140
or. : Place result in RA. CRICRO]
orc RA, RS, RB | OR (RS) with —(RB). 24-141
orc. Place resultin RA. CRICRO]
ori RA,RS,IM | OR (RS) with (160 || IM). 24-142
Place result in RA.
oris RA,RS,IM | OR (RS) with (IM || '60). 24-143
Place result in RA.
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Table B-7. Arithmetic and Logical Instructions (continued)

Other Registers
Mnemonic | Operands Function Changed Page
subf RT, RA, RB | Subtract (RA) from (RB). 24-176
Subf. (RT) « —(RA) + (RB) + 1. CRICRO]
subfo XERI[SO, 0V]
subfo. CR[CRO]
XERI[SO, 0V]
subfc RT, RA, RB | Subtract (RA) from (RB). 24177
(RT) <« —(RA) + (RB) + 1.
subfc. Place carry-out in XER[CA]. CRICRO]
subfco XER[SO, 0V]
subfco. CR[CRO0]
XER[SO, 0V]
subfe RT, RA, RB | Subtract (RA) from (RB) with carry-in. 24-178
(RT) « —(RA) + (RB) + XER[CA].
subfe. Place carry-out in XER[CA]. CRICRO]
subfeo. XER[SO, 0OV]
subfeo. CRICRO0]
XER[SO, 0V]
subfic ‘RT, RA, IM Subtract (RA) from EXTS(IM). 24-179
(RT) « —(RA) + EXTS(IM) + 1.
Place carry-out in XER[CA).
subfme RT, RA, RB | Subtract (RA) from (=1) with carry-in. 24-180
(RT) « —(RA) + (-1) + XER[CA)].
subfme. Place carry-out in XER[CA). CRICRO]
subfmeo XER[SO, 0OV]
subfmeo. CRI[CRO]
XER[SO, OV]
subfze RT, RA, RB Subtract (RA) from zero with carry-in. 24-181
(RT) « —(RA) + XER[CA].
subize. Place carry-out in XER[CA). CRICRO]
subfzeo XER[SO, 0V]
subfzeo. CRICRO0]
XERI[SO, 0V]
xor RA, RS, RB | XOR (RS) with (RB).
XOF. PIacg result in RA. ' CRICRO]
xori RA, RS, IM | XOR (RS) with (60 || IM).
Place result in RA.
xoris RA, RS, IM | XOR (RS) with (IM || '€0).
Place result in RA.
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| B.7 Condition Register Logical Instructions

Condition Register (CR) logical instructions allow the user to combine the results of several
comparisons without incurring the overhead of conditional branching. These instructions can
significantly improve code performance if multiple conditions are tested prior to making a branch
decision. Table B-8 summarizes the CR logical instructions.

Table B-8. Condition Register Logical Instructions

Other Registers

Mnemonic | Operands Function Changed Page

crand BT, BA, BB | AND bit (CRga) with (CRgg). 24-39
Place result in CRgt

crandc BT, BA, BB | AND bit (CRgp) with =(CRgpg). 24-40
Place result in CRgr

creqv BT, BA, BB | Equivalence of bit CRgp with CRgg. 24-41
CRBT “— _‘(CRBA @ CRBB)

crnand BT, BA, BB | NAND bit (CRgp) with (CRgg). 24-42
Place resultin CRgr.

crnor BT, BA, BB | NOR bit (CRga) with (CRgg). 24-43
Place result in CRpt:

cror BT, BA, BB | OR bit (CRga) with (CRgp). 24-44
Place result in CRgr.

crorc BT, BA, BB | OR bit (CRgp) with — (CRgp). 24-45
Place result in CRgt

crxor BT, BA, BB | XOR bit (CRgp) with (CRgg). 24-46
Place result in CRgy.

merf BF, BFA Move CR field, (CR[CRn]) « (CR[CRm]) 24-107
where m « BFA and n <~ BF.
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B.8 Branch Instructions

The architecture provides conditional and unconditional branches to any storage location. The
conditional branch instructions test condition codes set previously and branch accordingly.
Conditional branch instructions may decrement and test the Count Register (CTR) as part of
determination of the branch condition and may save the return address in the Link Register (LR). The
target address for a branch may be a displacement from the current instruction address (CIA), or may
be contained in the LR or CTR, or may be an absolute address.

Table B-9. Branch Instructions

Other Registers
Mnemonic | Operands Function Changed Page
b target Branch unconditional relative. 24-19
LI < (target — ClA)g.09
NIA « CIA + EXTS(LI || 20)
ba Branch unconditional absolute.
Ll « tafgets:zg
NIA « EXTS(LI || 20)
bl Branch unconditional relative. (LR) <~ CIA + 4.
Ll « (target— ClA)g.09
NIA « CIA + EXTS(LI || 20)
bla Branch unconditional absolute. (LR) « CIA + 4.
LI « targets.og
NIA « EXTS(LI || 20)
bec BO, B, target | Branch conditional relative. CTRifBO,=0. |24-20
BD « (target — ClA)46.09
NIA « CIA + EXTS(BD | 20)
bea Branch conditional absolute. CTRif BO,=0.
BD « target16;29
NIA « EXTS(BD || %0)
bel Branch conditional relative. CTRifBOy=0.
BD « (target — ClA)y6.09 (LR) < CIA + 4.
NIA « CIA + EXTS(BD || 0)
bcla Branch conditional absolute. CTRif BOy = 0.
BD « targetyg.ng (LR) < CIA + 4.
NIA « EXTS(BD || 20)
becetr BO, Bl Branch conditional to address in CTR. CTRif BO,=0. |24-26
boctr] lNJISAn%—(Cg'll:}l):!at exlllt fzrgm instruction, CTRifBOs =0,
0:29 ‘ (LR) < CIA + 4.
belr BO, B! Branch conditional to address in LR. CTRifBO,=0. |24-30
beirl ngnge(LE)Ra.t enlir)é (’;o instruction, CTRifBO,=0.
0:29 ‘ (LR) « CIA + 4.
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B.9 Comparison Instructions

Comparison instructions perform arithmetic and logical comparisons between two operands and set
one of the eight condition code register fields based on the outcome of the comparison. Table B-10
shows the comparison instructions supported by the PPC405GP.

Table B-10. Comparison Instructions

Other
Registers
Mnemonlic | Operands Function Changed Page
cmp BF, 0, RA, | Compare (RA) to (RB), signed. 24-34
RB Results in CR[CRn], where n= BF.
cmpi BF, 0, RA, | Compare (RA) to EXTS(IM), signed. 24-35
IM Results in CR[CRn], where n=BF.
cmpl BF, 0, RA, | Compare (RA) to (RB), unsigned. 24-36
RB Results in CR[CRn], where n=BF.
cmpli BF, 0, RA, | Compare (RA) to (60 Il IM), unsigned. 24-37
IM - | Results in CR[CRn], where n=BF.
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B.10 Rotate and Shift Instructions

Rotate and shift instructions rotate and shift operands which are stored in the general purpose
registers. Rotate instructions can also mask rotated operands. Table B-11 shows the PPC405GP
rotate and shift instructions.

Table B-11. Rotate and Shift Instructions

Mnemonic

Operands

Function

Other Registers
Changed

Page

riwimi

riwimi.

RA, RS, SH,

MB, ME

Rotate left word immediate, then insert according to
mask.

r « ROTL((RS), SH)

m < MASK(MB, ME)

(RA) « (rA m) v ((RA) A —m)

CRICRO]

24-146

riwinm

rlwinm.

RA, RS, SH,

MB, ME

Rotate left word immediate, then AND with mask.
r « ROTL((RS), SH)

m <« MASK(MB, ME)

(RA) < (rA m)

CRICRQ]

24-147

rlwnm

rlwnm.

RA, RS, RB,

MB, ME

Rotate left word, then AND with mask.
r < ROTL((RS), (RB)27:31)

m <« MASK(MB, ME)

(RA) < (rA m)

CRICRO0]

24-150

slw

slw.

RA, RS, RB

n < (RB)a7.31.

r « ROTL({(RS), n).

if (RB)yg = Othen m < MASK(0, 31 —n)
else m « 320,

(RA) < r A m.

CRICRO]

24-152

sraw

sraw.

RA, RS, RB

Shift right algebraic (RS) by (RB)27.31-
n < (RB)ay:3y-

r < ROTL((RS), 32 - n).

if (RB)og = Othen m < MASK(n, 31)
else m « %20,

s « (RS)g

(RA) « (r Am) v (s A —m).
XER[CA] < s A (r A —m)#0).

CRICRO}

24-153

srawl

srawi.

RA, RS, SH

Shift right algebraic (RS) by SH.

n < SH.

r « ROTL((RS), 32-n).

m < MASK(n, 31).

s < (RS),

(RA) « (r Am) v 3% A —m).
XER[CA] < s A ((r A —m)z0).

CRICRO]

24-154

srw

Srw.

RA, RS, RB

Shift right (RS) by (RB)27.31.

n < (RB)y7:31.

r « ROTL((RS), 32 —n).

if (RB)og = Othen m « MASK(n, 31)
else m « 320,

(RA) «<r A m.

CRICRO]

24-155
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B.11 Cache Control Instructions

Cache control instructions allow the user to indirectly control the contents of the data and instruction
caches. The user may fill, flush, invalidate and zero blocks (16-byte lines) in the data cache. The user

may also invalidate congruence classes in both caches and invalidate individual lines in the

instruction cache.

Table B-12. Cache Control Instructions

Other.
Registers

Mnemonic | Operands Function Changed Page

dcba RA, RB Speculatively establish the data cache block which 24-47
contains the EA (RAIO) + (RB).

dcbf RA, RB Flush (store, then invalidate) the data cache block which 24-49
contains the EA (RAIO) + (RB).

debi RA, RB Invalidate the data cache block which contains the EA 24-50
(RAIO) + (RB).

dcbst RA, RB Store the data cache block which contains the EA 24-51
(RAIO) + (RB).

dcbt RA, RB Load the data cache block which contains the EA 24-52
(RAIO) + (RB).

dcbtst RA,RB Load the data cache block which contains the EA 24-53
(RAIO) + (RB).

dcbz RA, RB Zero the data cache block which contains the EA 24-54
(RAIO) + (RB).

dcecci RA, RB Invalidate the data cache congruence class associated 24-56
with the EA (RAIO) + (RB).

dcread RT, RA, RB | Read either tag or data information from the data cache 24-57
congruence class associated with the EA (RAIO) + (RB).
Place the results in RT.

icbi RA, RB Invalidate the instruction cache block which contains the 24-65
EA (RAIO) + (RB).

icht RA, RB Load the instruction cache block which contains the EA 24-66
(RAIO) + (RB).

Iccci RA, RB Invalidate instruction cache. 24-67

icread RA, RB Read either tag or data information from the instruction 24-68
cache congruence class associated with the EA
(RAIO) + (RB).
Place the results in ICDBDR.
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B.12 Interrupt Control Instructions

The interrupt control instructions allow the user to move data between general purpose registers and
the machine state register, return from interrupts and enable or disable maskable external interrupts.
Table B-13 shows the interrupt control instruction set.

Table B-13. Interrupt Control Instructions

Other Registers .
Mnemonic | Operands Function Changed Page
mfmsr RT Move from MSR to RT, 24-111
(RT) « (MSR).
mtmsr RS Move to MSR from RS, 24-118
(MSR) « (RS).
rfci Return from critical interrupt 24-144
(PC) « (SRR2).
(MSR) < (SRR3).
rfi Return from interrupt. 24-145
(PC) < (SRRO0). :
(MSR) < (SRR1).
wrtee RS Write value of RS4g to the External Enable bit
(MSRI[EE)).
wrteei E Write value of E to the External Enable bit (MSR[EE]).

B.13 Processor Management Instructions

The processor management instructions move data between GPRs and SPRs and DCRs in the

PPCA405GP; these instructions also provide traps, system calls and synchronization controls.

Table B-14. Processor Management Instructions

Other Registers

Mnemonic | Operands Function Changed Page

eieio Storage synchronization. All loads and stores that 24-61
precede the eieio instruction complete before any
loads and stores that follow the instruction access
main storage.
Implemented as sync, which is more restrictive.

isync Synchronize execution context by flushing the 24-70
prefetch queue.

merxr BF Move XERJ[0:3] into field CRn, where n«BF. 24-108
CR[CRn] « (XER[SO, OV, CA]).
(XER[SO, OV, CA]) « °0.

mfcr RT Move from CR to RT, 24-109
(RT) « (CR).

mfder RT, DCRN Move from DCR to RT, 24-110
(RT) < (DCR(DCRN)).
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Table B-14. Processor Management Instructions (continued)

Other Registers

Mnemonic | Operands Function Changed Page
mfspr RT, SPRN Move from SPR to RT, 24-112
(RT) « (SPR(SPRN)).
mtcrf FXM, RS Move some or all of the contents of RS into CR as 24-116
specified by FXM field,
mask < *(FXMg) || *(FXMy) || ... |l
4(FXMg) || H(FXMy).
(CR)<((RS) A mask) v (CR) A —mask).
mtder DCRN, RS Move to DCR from RS, 24-117
(DCR(DCRN)) « (RS).
mtspr SPRN, RS Move to SPR from RS, 24-119
(SPR(SPRN)) « (RS).
sC System call exception is generated. 24-151
(SRR1) « (MSR)
(SRR0) « (PC)
PC « EVPRg.;5 11 0x0C00
(MSR[WE, PR, EE, PE, DR, IR]) « 0
sync Synchronization. All instructions that precede sync 24-182
complete before any instructions that follow sync
begin.
When sync completes, all storage accesses initiated
before sync will have completed.
tw TO, RA, RB | Trap exception is generated if, comparing (RA) with
(RB), any condition specified by TO is true.
twi TO, RA, IM Trap exception is generated if, comparing (RA) with
EXTS(IM), any condition specified by TO is true.
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Appendix C. Code Optimization and Instruction Timings

The code optimization guidelines in “Code Optimization Guidelines” and the information describing
instruction timings in “Instruction Timings,” on page C-3 can help compiler, system, and application
programmers produce high-performance code and determine accurate execution times.

C.1 Code Optimization Guidelines
The following guidelines can help to reduce program execution times.

C.1.1 Condition Register Bits for Boolean Variables

Compilers can use Condition Register (CR) bits to store boolean variables, where 0 and 1 represent
False and True values, respectively. This generally improves performance, compared to using General
Purpose Registers (GPRs) to store boolean variables. Most common operations on boolean variables
can be accomplished using the CR Logical instructions.

C.1.2 CR Logical Instruction for Compound Branches
For example, consider the following pseudocode:
' if (Var28 Il Var29 Il Var30 Il Var 31) branch to target

Var28-Var31 are boolean variables, maintained as bits in the CR[CR7] field (CRgg.31). The value 1
represents True; O represents False.

This could be coded with branches as:

bt 28, target
bt 29, target
bt 30, target
bt 31, target

Generally faster, functionally equivalent code, using CR Logical instructions, follows:

crcr 2,28, 29
cror 2,2,30
cror 2,2, 31
bt 2, target

C.1.3 Floating-Point Emulation
Two ways of handling floating-point emulation are available.
The preferred method is a call interface to subroutines in a floating-point emulation run-time library.

Alternatively, code can use the PowerPC floating point instructions. The PPC405GP, an integer
processor, does not recognize these instructions and will take an illegal instruction interrupt. The
interrupt handler can be written to determine the instruction opcode and execute appropriate (integer-
based) library routines to provide the equivalent function.
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Because this method adds interrupt context switching time to the execution time of library routines
that would have been called directly by the preferred method, it is not preferred. However, this method-
supports code that contains PowerPC floating-point instructions.

C.1.4 Cache Usage

Code and data can be organized, based on the size and structure of the instruction and data cache
arrays, to minimize cache misses.

In the cache arrays, any two addresses in which Ap,.06 (the index) are the same, but which differ in
Ag.m-1 (the tag), are called congruent. (This describes a two-way set-associative cache.) As7.5¢ define
the 32 bytes in a cache line, the smallest object that can be brought into the cache. Only two
congruent lines can be in the cache simultaneously; accessing a third congruent line causes the
removal from the cache of one of the two lines previously there.

Table C-1 illustrates the value of m and the index size for the various cache array sizes.

Table C-1. Cache Sizes, Tag Fields, and Lines

Instruction Cache Array Data Cache Array
Array
Size | m(Tag Field Bits) | n(Lines) | Index Bits | m (Tag Field Bits) | n(Lines) | Index Bits
O0KB —_ —_ —_ — — —
4KB 22 (0:21) 64 21:26 21 (0:20) 64 21:26
8KB 22 (0:21) 128 20:26 20 (0:19) 128 20:26
16KB 22 (0:21) 256 19:26 19 (0:18) 256 .| 19:26
32KB 22 (0:21) 512 18:26 18 (0:17) 512 18:26

Moving new code and data into the cache arrays occurs at the speed of external memory. Much faster
execution is possible when all code and data is available in the cache. Organizing code to uniformly
use Ap06 Minimizes the use of congruent addresses.

C.1.5 CR Dependencies

For CR-setting arithmetic, compare, CR-logical, and logical instructions, and the CR-setting merf,
merxr, and mterf instructions, put two instructions between the CR-setting instruction and a Branch
instruction that uses a bit in the CR field set by the CR-setting instruction.

C.1.6 Branch Prediction

Use the Y-bit in branch instructions to force proper branch prediction when there is a more likely
prediction than the standard prediction. See “Branch Prediction” on page 3-36 for a more information
about branch prediction. ' '

C.1.7 Alignment

For speed, align all accesses on the appropriate operand-size boundary. For example, load/store
word operands should be word-aligned, and so on. Hardware does not trap unaligned accesses;
instead, two accesses are performed for a load or store of an unaligned operand that crosses a word
boundary. Unaligned accesses that do not cross word boundaries are performed in one access.
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Align branch targets that are unlikely to be hit by “fall-through” code on cache line boundaries (such -
as the address of functions such as strcpy), to minimize the number of unused instructions in cache
line fills.

C.2 Instruction Timings
The following timing descriptions consider only “first order” effects of cache misses in the ICU
(instruction-side) and DCU (data-side) arrays.
The timing descriptions do not provide complete descriptions of the performance penalty associated
with cache misses; the timing descriptions do not consider bus contention between the instruction-
side and the data-side, or the time associated with performing line fills or flushes. Unless specifically
stated otherwise, the number of cycles apply to systems having zero-wait memory access.
C.2.1 General Rules
Instructions execute in order.
All instructions, assuming cache hits, execute in one cycle, except:
+ Divide instructions execute in 35 clock cycles.

* Branches execute in one or three clock cycles, as described in “Branches”
* MAC and multiply instructions execute in one to five cycles as described in “Multiplies.”

. Alighed load/store instructions that hit in the cache execute in one clock cycle/word. See
“Alignment” for information on execution timings for unaligned load/stores.

« Inisolation, a data cache control instruction takes two cycles in the processor pipeline. However,
subsequent DCU accesses are stalled until a cache control instruction finishes accessing the data
cache array.

Note: Note that subsequent DCU accesses do not remain stalled while transfers associated with
previous data cache control instructions continue on the PLB.
C.2.2 Branches

Branch instructions are decoded in prefetch buffer 0 (PFB0) and the decode stage of the instruction
pipeline. Branch targets, whether the branch is known or predicted taken, can be fetched from the -
PFBO and DCD stages. Incorrectly predicted branches can be corrected from the DCD or EXE
(execute) stages of the pipeline.

Branches can be known taken or known not taken, or can have address or condition dependencies.
Branches having address dependencies are never predicted taken. The directions of conditional
branches having no address dependencies are statically predicted.

Conditional branches may depend on the results of an instruction that is changing the CR or the CTR.
Address dependencies can occur when:

¢ A belr instruction that is known taken, or unresolved, follows (immediately, or separated by only
one instruction) a link updating instruction (mtir or a branch and link).

* A bcctr instruction that is known taken, or unresolved, follows (immediately, or separated by only
one instruction) a counter updating instruction (mtctr or a branch that decrements the counter).
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Instruction timings for branch instructions follow:

* A branch known not taken (BKNT) executes in one clock cycle. By definition a BKNT does not have
address or condition dependencies.

* A branch known taken (BKT) by definition has no condition dependencies, but can have address
dependencies. A BKT without address dependencies can execute in one clock cycle if it is first
decoded from the PFBO stage, or in two clock cycles if it is first decoded in the DCD stage. A BKT
having address dependencies can execute in two clock cycles if there is one instruction between
the branch and the address dependency, or in three clock cycles if there are no instructions
between the branch and address dependency.

* A branch predicted not taken (BPNT), which must have condition dependencies, executes in one
clock cycle if the prediction is correct. If the prediction is incorrect, the branch can take two or three
cycles. If there was one instruction between the branch and the instruction causing the condition
dependency, the branch executes in two cycles. If there were no instructions between the branch
and the instruction causing the condition dependency, the branch executes in three clock cycles.

¢ Abranch that is correctly predicted taken (BPT), which must have condition dependencies,
executes in one clock cycle, if it is first decoded from the PFBO stage, or two clock cycles if it is first
decoded in the DCD stage. If the prediction is incorrect, the branch can take two or three cycles. if
there is one instruction between the branch and the instruction causing the condition dependency,
the branch executes in two cycles. If there are no instructions between the branch and the
instruction causing the condition dependency, the branch executes in three clock cycles.

C.2.3 Multiplies

For multiply instructions having two word operands, hardware internal to the core automatically
detects smaller operand sizes (by examining sign bit extension) to reduce the number of cycles
necessary to complete the multiplication.

The PPC405GP also supports multiply accumulate (MAC) instructions and multiply instructions
having halfword operands.

Word and halfword multiply instructions are pipelined in the execution unit and use the same
multiplication hardware. Because these instructions are pipelined in the execution stage they have
latency and reissue rate cycle numbers. Under conditions to be described, a second multiply or MAC
instruction can begin execution before the first multiply or MAC instruction completes. When these
conditions are met, the reissue rate cycle numbers should be used; otherwise, the latency cycle
numbers should be used. (A MAC or multiply instruction can follow another MAC or a multiply and still
meet the conditions that support the use of the reissue rate cycle numbers.

Use reissue rate cycle numbers for multiply or MAC instructions that are followed by another multiply
or MAC instruction, and do not have an operand dependency from a previous multiply or MAC
instruction. However, one operand dependency is allowed for reissue rate cycle numbers. Internal
forwarding logic allows the accumulate value of a first MAC instruction to be used as the accumulate
value of a second MAC instruction without affecting the reissue rate.

Use latency cycle numbers for multiply or MAC instructions that are not followed by another multiply
or MAC, or that have an operand dependency from a previous multiply or MAC instruction. However,
accumulate-only dependencies between adjacent MAC instructions use reissue rate cyle numbers.

An operand dependency exists when a second multiply or MAC instruction depends on the result of a
first multiply or MAC instruction.
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Table C-2 summarizes the multiply and MAC instruction timings. In the table, the syntax “[o]” indicates
that the instruction has an “o0” form that updates XER[SO,0V], and a “non-0" form. The syntax “[.]"”
indicates that the instruction has a “record” form that updates CR[CRO], and a “non-record” form.

Table C-2. Multiply and MAC Instruction Timing

Reissue Rate Latency

Operation Cycles Cycles
MAC
MAC and negative MAC instructions l 1 i 2
Halfword x Halfword
mullhw[.], mullhwul.], muthhw[.], 1 2
mulhhwul.],
mulchw[.], mulchwul.]
mulli[.], mullw[o][.], 2 3
mulhw[.], mulhwu(.]
Halfword x Word
mulli[.], mullw[o][.], 2 3
mulhw[.], mulhwul.]
Word x Word
muliw[o][.], mulhw[.], mulhwul.] | 4 5

C.2.4 Scalar Load Instructions

Generally, the PPC405GP executes cachable load instructions that hit in the data cache array or fill
buffer, or noncachable load instructions that hit in the fill buffer (when enabled), in one cycle. However,
the pipelined nature of foad instructions can even cause loads that hit in the cache or line buffer to
appear to take extra cycles under some conditions.

If a load is followed by an instruction that uses the load target as an operand, a load-use dependency
exists. When the load target is returned, it is forwarded to the operand register of the “using”
instruction. This forwarding results in an additional cycle of latency to a load immediately followed by
a “using” instruction, causing the load to appear to execute in two cycles.

Because the PPC405GP can execute instructions that follow load misses if no load-use dependency
exists, the load and the “using” instruction should be separated by two “non-using” instructions when
possible. If only one instruction can be placed between the load and the “using” instruction, the load
appears to execute in two cycles.

C.2.5 Scalar Store Instructions

Cachable stores that miss in the DCU, and noncachable stores, are queued in the data cache so that
the store appears to execute in a single cycle if operand-aligned. Under certain conditions, the DCU
can pipeline up to three store instructions. (See Chapter 4, “Cache Operations,” for more information.)
stwcx. instructions that do not cause alignment errors execute in two cycles.

C.2.6 Alignment in Scalar Load and Store Instructions

The PPC405GP requires an extra cycle to execute scalar loads and stores having unaligned big or
little endian data (except for Iwarx and stwex., which require word-aligned operands). If the target
data is not operand aligned, and the sum of the least two significant bits of the effective address (EA)
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and the byte count is greater than four, the PPC405GP decomposes a load or store scalar into two
load or store operations. That is, the PPC405GP never presents the DCU with a request for a transfer
that crosses a word boundary. For example, a Iwz with an EA of Ob11 causes the PPC405GP to
decompose the Iwz into two load operations. The first load operation is for a byte at the starting
effective address; the second load operation is for three bytes, starting at the next word address.

C.2.7 String and Multiple Instructions

Calculating execution times for string and multiple instructions (Imw and stmw) instructions requires
an understanding of data alignment, and of the behavior of the string instructions with respect to
alignment.

In the following example, the string contains 21 bytes. The first three bytes do not begin on a word
boundary, and the final two bytes.do not end on a word boundary. The PPC405GP handles any
unaligned leading bytes as a special case, then moves as many bytes as aligned words as possible,
and finally handles any unaligned trailing bytes as a special case.

In the following example, arrows indicate word boundaries (the address is an exact multiple of four);
shaded boxes represent unaligned bytes.

The execution time of the string instruction is the sum of the:
1. Cycles required to handle unaligned leading bytes; if any, add one clock cycle.
In the example, there are unaligned leading bytes; this transfer adds one clock cycle.

2. Cycles required to handle the number of word-aligned transfers required. Assuming data cache
hits, each word-aligned transfer requires one clock cycle.

In the example, there are four aligned words; this transfer requires four clock cycles.
3. Cycles required to handle unaligned trailing bytes; if any, add one clock cycle.
In the example, there are unaligned trailing bytes; this transfer adds one clock cycle.

A string instruction operating on the example 21-byte string requires six clock cycles.

C.2.8 Loads and Store Misses

Cachable stores that miss in the DCU, and noncachable stores, are queued internally in the DCU so
that the store instruction appears to execute in one cycle. Under certain conditions, the DCU can
pipeline up to three store instructions. (See the Chapter 4, “Cache Operations,” for more information.)

Because the PPC405GP can execute instructions that follow load misses if no load-use dependency
exists, the load and the “using” instruction should be separated by “non-using” instructions whenever
possible. The number of load miss penalty cycles incurred by a load that misses in the DCU or DCU
fill buffer is reduced by one cycle for every non-use instruction following the load. When the number of
non-use instructions following the load is equal to or greater than the number of cycles that it takes to
obtain the load data, the load instruction appears to execute in a single cycle. The number of cycles
that it takes to obtain load data when it misses in the data cache and fill buffer depends on whether
operand forwarding is enabled or disabled and the system memory timing. '
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C.2.9 Instruction Cache Misses

Refer to “Instruction Processing” on page 3-33 for detailed information about the instruction queue
and instruction fetching.Table C-4 illustrates instruction cache penalties for cachable and
noncachable fetches that miss in the ICU array and fill buffer.

Table C-4. Instruction Cache Miss Penalties

Type of ICU Request Miss Penalty Cycles
Sequential 3
Branch Taken from DCD 5
Branch Taken from PFBO 4

Table C-4 assumes that:
¢ The PPC405GP and processor local bus (PLB) run at the same frequency

¢ The PLB returns an address acknowledge during the first cycle in which the DCU asserts the PLB
request

¢ The target instruction is returned in the cycle following the address acknowledge cycle

The penalty cycles shown for sequential ICU requests assume that the DCD stage and pre-fetch
queue are filled with single-cycle nonbranching instructions or BKNT branch instructions. The penalty
' cycles for the remaining two rows are for taken branches from DCD and PFBO respectively.
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data alignment
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overview 3-26
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Data Cache Write-through Register. See DCWR
Data Exception Address Register. See DEAR
data machine check interrupts
register settings 10-36
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described 6-9
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does not cause interrupts 6-15
functions 4-10
dcbf 24-49
data storage interrupts 6-16
functions 4-10
dcbi 24-50
data storage interrupts 6-15
functions 4-10
dcbst 24-51
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accessing 3-21
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write-through policy 6-18
DEAR 25-54
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Debug Control Register 0. See DBCRO
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debugging

boundary scan chain 12-3

DCU 4-15

debug events 12-16

debug interfaces  12-1

JTAG test access port 12-1
trace status port 12-5
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real-time trace 12-7
processor control  12-8
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access procedures, overview 3-19
indirect access of DCRs 3-21
offsets for DCRs 3-21

Decompression Controller Address Register. See

DCPO_CFGADDR

Decompression Controller Data Register. See

DCPO_CFGDATA
Device Control Registers. See DCRs
device-paced transfers  16-11
bus timeout error  16-11
dirty cache line, defined 4-16
divw 24-59
divw. 24-59
divwo 24-59
divwo. 24-59
divwu 24-60
divwu. 24-60
divwuo 24-60
divwuo. 24-60
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memory-to-memory mode transfers
initiated by software 18-21
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DMAO_CT0-DMAO_CT3 18-11, 25-58
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DMAO_POL 25-60
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DMAQO_SGO0-DMAO_SG3 18-12
DMAO_SG0-DMAO_SG3 25-63
DMAQ_SGC 18-13, 25-64
DMAOQ_SLP 25-65
DMAO_SR 18-7, 25-66
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accesses 6-7
miss interrupts  6-10, 10-43
summary 6-7

E
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forming 3-27
translation to RA, illustrated 6-2
when non-cachable 4-8
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indirect access 3-20
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EBCO_BnAP 25-73
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accessing 3-20
EBCO_CFGDATA 25-79
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endian (E) storage attribute
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eqv 24-62
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ESR 25-88
ESR (Exception Status Register)
usage for program interrupts 10-40
ESR (Exception Syndrome Register)
clearing privileged exceptions 3-42
illustrated  10-31
MCI bit, behavior of 10-33
EVPR 25-89
EVPR (Exception Vector Prefix Register)
illustrated 10-31
Exception Syndrome Register. See ESR

Exception Vector Prefix Register. See EVPR
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defined 10-22
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privileged, clearing 3-42
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extended mnemonics
alphabetical B-9
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betr 24-27
betrl  24-27
bdnz 24-21
bdnza 24-21
bdnzf 24-21
bdnzfa 24-21
bdnzfkr 24-31
bdnzfl 24-21
bdnzfla 24-21
bdnzflrl  24-31
bdnzl 24-21
bdnzla 24-21
bdnzlr 24-31
bdnzlrl  24-31
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bdnztl 24-21
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beqctrl  24-27
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bfctr 24-27 -
bfctrl 24-27
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bfil  24-32
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bgea 24-23
bgectr 24-27
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bgtlr  24-32
bgtirl  24-32
ble 24-23
blea 24-23
blectr 24-27
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blr 24-30
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bnulr 24-33 ) for mterf 24-116

bnulrl  24-33 } for mtspr  24-120

bsalr 24-33 for nor, nor. 24-139
bso 24-25 for or, or. 24-140

bsoa 24-25 ) forori 24-142

bsoctr 24-28 for riwimi, riwimi. 24-146
bsoctrl 24-28 for riwinm, riwinm. 24-147
bsol 24-25 for iwnm, rlwnm. 24-150
bsola 24-25 for subf, subf., subfo, subfo. 24-176
bsolrl 24-33 for subfc, subfc., subfco, subfco. 24-177
bt 24-25 for tlore 24-185 '
bta 24-25 fortw 24-191
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btctrl 24-28 inslwi  24-146

btl 24-25 inslwi. 24-146

btla 24-25 insrwi  24-146

btir 24-33 insrwi. 24-146

btirl  24-33 li 24-9

bun 24-25 lis 24-12

buna 24-25 mftb 24-115

bunctr 24-29 mftbu 24-115

bunctrl  24-29 mr 24-140

bunl 24-25 mr. 24-140
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bunir 24-33 nop 24-142

bunirt 24-33 not 24-139

clrlslwi  24-147 not. 24-139

clrislwi. 24-147 rotlw  24-150

cliwi 24-147 rotlw. 24-150

clriwi. 24-147 rotlwi  24-148

clrrwi  24-148 rotiwi. 24-148
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cmplw  24-36 rotrwi. 24-148

cmplwi  24-37 slwi 24-148

cmpw 24-34 slwi. 24-148

cmpwi  24-35 srwi 24-149

crclr 24-46 srwi. 24-149

crmove 24-44 sub 24-176

crnot 24-43 sub. 24-176

crset 24-41 subc 24-177

explained 3-53 subc. 24-177

extiwi  24-148 subco 24-177

extlwi. 24-148 subco. 24-177

extrwi 24-148 subi 24-9

extrwi. 24-148 subic 24-10

foraddi 24-9 subic.: 24-11

for addic 24-10 subis 24-12

for addic. 24-11, 24-115 subo 24-176

for addis 24-12 subo. 24-176

for be, bea, bel, bela  24-21
for beetr, beetrl  24-27
for belr, belrl  24-30
forcmp 24-34
forcmpi  24-35
forcmpl 24-36
forcmpli  24-37
forcreqv  24-41
forcrnor  24-43
forcror 24-44

for crxor 24-46

for mfspr 24-113
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trap 24-191
tweq 24-191
tweqi 24-194
twge 24-191
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twgti  24-194
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twle 24-191
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twigei 24-194
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twlle 24-192
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twllt  24-192
twliti  24-194
twing 24-192
twingi 24-194
twinl  24-192
twinli 24-195
twit 24-192
twiti  24-195
twne 24-192
twnei 24-195
twng 24-192
twngi 24-195
twnl 24-192
twnli  24-195
extended mnemonics for
tibre 24-189
external bus controller. See EBC
external bus master 16-17
arbitration 16-17
interface 16-17
external interrupts
programming note 10-38
register settings 10-39
extiwi 24-148
extiwi. 24-148
extrwi 24-148
extrwi. 24-148
extsb 24-63
extsb. 24-63

F
features
DCU 41
ICU 4-1
fetcher, improved performance of 4-3
FIFO 2115
FIFO control register 21-7
FIFO operation
interrupt mode 21-15
polled mode 21-16
FIT "11-5
FIT (fixed interval timer)
interrupts, causes 10-42
interrupts, register settings 10-42
fixed interval timer 11-5
fixed interval timer. See FIT
Fixed Point Exception Register. See XER

G

general interrupt handling registers, listed 10-27
general purpose registers. See GPRs

GPIOO0_IR 25-90

GPIO0O_IRO 23-1

GPIO0_ODR 25-91

GPIO0_OR 25-92
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GPIOO_TCR 25-93

GPRO-GPR31 25-94

GPRs (general purpose registers)
interrupt control instructions  3-52
overview 3-6
summary 1-10

guarded (G) storage attribute
controlled by SGR 6-19
preventing speculative accesses 3-37
virtual mode 6-6

I
| storage aftribute. See caching inhibited (1) storage
attribute
IAC1-IAC4 25-67, 25-95
IAC1-1AC4 12-14
icbi 24-65
data storage interrupts  6-16
function 4-9
icbt 24-66
data storage interrupts  6-16
function 4-9
iccci  24-67
function 4-9
when use not recommended 6-16
ICCR 25-96
ICCR (Instruction Cache Cachability Register)
controlling the | storage attribute 6-19
controls cachability 4-4
ICDBCR (Instruction Cache Debug Contro| Register)
programming note 4-15
ICDBDR 25-98
ICDBDR (Instruction Cache Debug Data Register)
illustrated 4-14, 25-98
icread 24-68
controlled by CCRO  4-11
function 4-9
programming note 4-15
ICU (instruction cache unit)
cachability control 4-4
cache line fills 4-3
coherency 4-5
features 4-1
instruction flow, illustrated 4-3
instructions 4-9
least-recently-used (LRU) policy 4-2
organization 4-2
synchronization 4-5
synonyms 4-4
IIC 2241
IICO_CLKDIV 25-99
IICO_CNTL 25-100
IICO_DIRECTCNTL 25-101
IICO_EXTSTS 25-102
IICO_HMADR 25-104
IICO_HSADR 25-105
IICO_INTRMSK  25-106
IICO_LMADR 25-107
IICO_LSADR 25-108
1ICO_MDBUF 25-109
IICO_MDCNTL 25-110
IICO_SDBUF 25-111
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IICO_STS 25-112
lICO_XFRCNT 25-113
IICO_XTCNTLSS 25-114
imprecise interrupts  10-22
initialization
code example 8-16
of processor 8-14
requirements 8-15
sequence 8-15
inslwi  24-146
inslwi. 24-146
insrwi  24-146
insrwi. 24-146
instruction
add 24-6
add. 24-6
addc 24-7
addc. 24-7
addco 24-7
addco. 24-7
adde 24-8
adde. 24-8
addeo 24-8
addeo. 24-8
addi 24-9
addic 24-10
addic. 24-11
addis 24-12
addme 24-13
addme. 24-13
addmeo 24-13
addmeo. 24-13
addo 24-6
addo. 24-6
addze 24-14
addze. 24-14
addzeo 24-14
addzeo. 24-14
and 24-15
and. 24-15
andc 24-16
andc. 24-16
andi. 24-17
andis. 24-18
b 24-19
ba 24-19
bc 24-20
bca 24-20
beetr  24-26
beetrl 24-26
bcl 24-20
bcla 24-20
belr  24-30
belrl  24-30
bl 24-19
bla 24-19
cmp 24-34
cmpi 24-35
cmpl 24-36
cmpli  24-37
cntlzw 24-38

Preliminary

cntlzw. 24-38
crand 24-39
crandc 24-40
creqv 24-41
crnand 24-42
crnor 24-43
cror 24-44
crorc 24-45
crxor 24-46
dcbf 24-49
debi  24-50
dcbst 24-51
dcbt 24-52
dcbz 24-54
dceci  24-56
dcread 24-57
divw 24-59
divw. 24-59
divwo 24-59
divwo. 24-59
divwu 24-60
divwu. 24-60
divwuo 24-60
divwuo. 24-60
eieio 24-61
eqv 24-62
eqv. 24-62
extsb 24-63
extsb. 24-63
icbi 24-65
icht 24-66
iccci  24-67
icread 24-68
isync 24-70
bz 24-71
lbzu 24-72
lbzx 24-74
lha 24-75
lhau 24-76
lhax 24-78
lhbrx 24-79
lhz 24-80
lhzu 24-81
lhzux 24-82
lhzx 24-83
Imw 24-84
Iswi 24-85
Iswx 24-87
lwarx 24-89
lwz 24-91
lwzu 24-92
lwzux 24-93
lwzx 24-94
macchw . 24-95
macchws 24-96
macchwsu 24-97
macchwu 24-98
machhw 24-99
machhwsu 24-101
machhwu 24-102
maclhw 24-103
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maclhws 24-104, 24-138
maclhwu 24-106
merf 24-107
merxr 24-108
mfcr 24-109
mider 24-110
mfmsr 24-111
mfspr 24-112
mtcrf 24-116
mtder  24-117
mtspr 24-119
muichw 24-121
mulchwu 24-122
mulhhw  24-123
mulhhwu  24-124
mulhwu 24-126
multhwu. 24-126
mullhw - 24-127
mullhwu  24-128
mulli  24-129
mullw  24-130
mullw. 24-130
muliwo 24-130
mullwo. 24-130
nand 24-131
nand. 24-131
neg 24-132
neg. 24-132
nego 24-132
nego. 24-132
nmacchw 24-133
nmacchws 24-134
nmachhw 24-135
nmachhws 24-136
nmaclhw 24-137
nmaclhws 24-138
nor 24-139

nor. 24-139

or 24-140

or. 24-140

orc 24-141

orc. 24-141

ori 24-142

oris 24-143

rfci 24-144

i 24-145
riwimi  24-146
rwimi, 24-146
riwinm  24-147
riwinm. 24-147
riwnm 24-150
riwnm. 24-150
sc 24-151

slw 24-152

slw. 24-152
sraw 24-153
sraw. 24-153
srawi 24-154
srawi. 24-154
srw 24-155
srw. 24-155
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stb 24-156

stbu 24-157

stbux 24-158

stbx 24-159

sth 24-160

sthbrx  24-161

sthu 24-162

sthux 24-163

sthx 24-164

stmw 24-165

stswi 24-166

stswx 24-167

stw 24-169

stwbrx  24-170

stwex. 24-171

stwu 24-173

stwux 24-174

stwx 24-175

subf 24-176

subf. 24-176

subfc 24-177

subfc. 24-177

subfco 24-177

subfco. 24-177

subfe 24-178

subfe. 24-178

subfeo 24-178

subfeo. 24-178

subfic 24-179

subfme 24-180

subfme. 24-180

subfmeo 24-180

subfmeo. 24-180

subfo 24-176

subfo. 24-176

subfze 24-181

subfze. 24-181

subfzeo 24-181

subfzeo. 24-181

sync 24-182

tibia 24-183

tibre 24-184

tbsx 24-186

tibsx. 24-186

tibsync 24-187

tbwe 24-188

tw 24-190

twi  24-193

wrtee 24-196

wrteei 24-197

xor 24-198

xori  24-199
instruction cache array, improved fetcher performance
4-3
Instruction Cache Cachability Register. See ICCR
Instruction Cache Cachability Register. See ICCR
Instruction Cache Debug Data Register. See ICDBDR
instruction cache synonym, defined 4-4
instruction cache unit. See ICU
instruction fetching

from little endian storage 3-31

Preliminary



instruction fields A-41
instruction formats  24-2, A-41
diagrams A-43
instruction forms  A-41, A-43
instruction queue
illustrated 3-34
role in processing instructions  3-33
instruction set
brief summaries by category 3-47
for embedded controllers  3-48
instruction set portability 24-1
instruction set summary
cache control  3-52
CR logical 3-51
instruction storage interrupts
causes 10-38
register settings 10-38
instruction timings C-3
branches and cr logicals C-3
general rules C-3
instruction cache misses C-7
loads and stores C-6
strings C-6
instruction TLB. See ITLB
instructions
alphabetical, including extended mnemonics A-1
arithmetic and logical 3-49, B-33
arithmetic compares 3-13
branch 3-51, B-38
branch conditional, testing CTR 3-35
byte-reverse, usefulness of 3-32
cache
DAC debug events 12-20
cache contro! B-41
cache control, alignment of 3-27
compare 3-50
comparison B-39
condition register logical B-37
context synchronizing, defined 3-44
CRlogical 3-50
extended mnemonics B-9
format diagrams A-43
formats A-41
forms A-41, A-43
ICU controlling 4-9
interrupt control  3-52, B-42
logical compares 3-13
opcodes A-33
‘privileged B-7
privileged, listed 3-42
processor management 3-53, B-42
for reading DCRs  3-43
for reading privileged SPRs  3-42
rotate and shift B-40
specific to PowerPC Embedded Controllers B-1, B-5
storage reference B-29
storage reference, alignment of 3-27
storage reference, in core 3-48
TLB management 3-53
interrupt controller interface  1-9
interrupt enable register

Preliminary

description 21-5

vinterrupt identification register

description 21-6

Interrupts  22-21

interrupts
alignment 3-28
register settings 10-40
summary 10-39
asynchronous, defined 10-22
behavior 10-22
critical
defined 10-26
processing 10-27
critical input  10-34
data machine check 10-36
data storage 6-9, 10-36
register settings 10-37
debug, register settings 10-44
defined 10-22
DTLB miss 6-10
DTLB, register settings 10-43
external
programming note 10-38
register settings  10-39
fetching past, speculatively 3-39
FIT, causes 10-42
FIT, register settings 10-42
handling as critical 10-23
handling priorities 10-24
handling priorities, illustrated 10-25
imprecise, defined 10-22
instruction storage 6-10
causes 10-38
register settings 10-38
ITLB miss 6-10
ITLB miss, registers 10-44
machine check, causes of 10-35
machine check, defined 10-23
machine check-instruction
handling 10-35
register settings 10-36
synchronism 10-24
noncritical
defined 10-26
processing 10-26
PIT, register settings 10-41
precise handling 10-23
precise, defined 10-22
program
causes 10-40
ESR usage 10-40
register settings  10-41
register settings during critical 10-35
synchronous, defined 10-22
system call, register settings 10-41
TLB miss, preventing 6-10
TLB-related 6-9
vector offsets, illustrated 10-27
WDT, causes 10-43
WDT, register settings 10-43
isync 24-70

Index
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and ITLB 6-8

context synchronization, example 3-45
ITLB (instruction translation lookaside buffer)

accesses 6-6

consistency 6-8

defined 6-6

miss interrupts  6-10, 10-44

programming note 6-9

L
bz 24-71
lbzu 24-72
Ibzx 24-74
least-recently-used policy. See LRU
lha 24-75
lhau 24-76
lhax 24-78
Ihbrx 24-79
lhz 24-80
lhzu 24-81
lhzux 24-82
lhzx 24-83
li 24-9
line control register
description 21-8
line status register 21-11
Link Register. See LR
lis 24-12
little endian
alignment 3-27
byte ordering supported 3-30
defined 3-28
mapping 3-30
storage attributes 3-30
storage regions
accessing data from 3-31
byte-reverse instructions 3-32= 3-33
fetching instructions from 3-31
Imw 24-84
load strategies, controlled by DCU 4-7
logical compares 3-13
logical instructions
CR 3-50
overview 3-49
LR 25-116
LR (Link Register)
branch instructions 3-51
function 3-8
LRU (least-recently-used) policy
DCU 4-6
ICU 4-2
Iswi 24-85
Iswx 24-87
lwarx 24-89
lwz 24-91
lwzu 24-92
Iwzux 24-93
lwzx 24-94

M
macchw 24-95
macchws 24-96
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macchwsu 24-97
macchwu 24-98
machhw 24-99
machhwsu 24-101
machhwu 24-102
machine check interrupts
causes 10-35
defined 10-23
machine check—instruction interrupts
handling 10-35
register settings  10-36
synchronism 10-24
Machine State Register. See MSR
maclhw 24-103
macthws 24-104, 24-138
macihwu 24-106
MALO_CFG 25-117
MALO_ESR 25-119
MALO_IER 25-121
MALO_RCBSO 25-122
MALO_RXCARR 25-123
MALO_RXCASR 25-124
MALO_RXCTPOR 25-125
MALO_RXDEIR 25-126
MALO_RXEOBISR 25-127
MALO_TXCASR 25-129
MALO_TXCTPOR 25-130
MALO_TXCTP1R 25-130
MALQO_TXDEIR 25-131
MALO_TXEOBISR 25-132
mapping
big endian 3-29
little endian  3-30
structure, examples 3-29
merf  24-107
merxr 24-108
Memory Controller Address Register. See
SDRAMO_CFGADDR
Memory Controlier Data Register. See
SDRAMO_CFGDATA
memory interface
bus attachment
alternative 16-3
external bus master 16-17
SRAM .
burst mode 16-8
bus timeout error  16-11
device-paced transfers  16-11
timing 15-1, 16-2
memory map
address space usage 3-2
PCI configuration registers 25-13
memory mapping
of hardware 3-40
memory models, non-supported 4-7, 6-5
memory organization 3-1

memory-mapped input/output registers. See MMIO

registers

mfcr 24-109
mider 24-110
mfmsr  24-111

Preliminary



mfspr 24-112

mftb 24-115

mftbu 24-115

misalignments, defined 3-27

MMIO (memory-mapped input/output) registers
directly accessed 3-22
indirectly accessed 3-25

MMU (memory management unit)
accesses, interrupts from 6-9
address translation 6-1
data storage interrupts  6-9
DTLB miss interrupts 6-10
execute permissions 6-13
general access protection 6-12
instruction storage interrupts  6-10
ITLB miss interrupts  6-10
MSR and access protection 6-12
overview 1-6
recording page references and changes 6-11
TLB management 6-10
zone protection 6-13

mnemonics,extended. See extended mnemonics

modes
execution 3-41
real, storage attribute control 6-17

mr 24-140

mr. 24-140

MSR 3-15, 25-133

MSR (Machine State Register)
bits and exception handling 3-41
contents after resets 8-3
controlling execution mode  3-41
DR bit 6-1
illustrated 10-28
interrupt control instructions  3-52
IR bit 6-1
programming note 10-28
summarized 1-10

mtcr  24-116

mtcrf 24-116

mtdcr  24-117

mtmsr
execution synchronization 3-46

mtspr 24-119

mulchw  24-121

muichwu 24-122

mulhhw  24-123

mulhhwu  24-124

mulhwu  24-126

mulhwu, 24-126

mullhw  24-127

mullhwu  24-128

mulli 24-129

mullw  24-130

mullw. 24-130

mullwo 24-130

mullwo. 24-130

N

nand 24-131
_nand. 24-131
neg 24-132

Preliminary

neg. 24-132
nego 24-132 |
nego. 24-132
nmacchw 24-133
nmacchws 24-134
nmachhw 24-135
nmachhws 24-136
nmaclhw 24-137
nmaclhws 24-138
noncritical interrupts
defined 10-26
processing 10-26
nop 24-142
nor 24-139
nor. 24-139
not 24-139
not. 24-139
notation  xlviii, 24-2, A-41
notational conventions  xlviii

o
OCMO_DSARC 25-135
OCMO_DSCNTL 25-136
OCMO_ISARC 25-137
OCMO_ISCNTL 25-138
on-chip peripheral bus  2-11
features 2-11
OPB 2-11
OPB arbiter
registers 2-12
OPBAO_CR 2-12, 25-139
opcodes A-33
optimization
coding guidelines C-1
alignment C-2
boolean variables C-1
branch prediction C-2
dependency upon CR C-2
floating point emulation C-1
or 24-140
or. 24-140
orc 24-141
orc. 24-141
ori 24-142
oris 24-143 .
overlapped PLB transfers 2-4

P
page identification fields, UTLB 6-3
parallel-to-serial conversion 21-1
PCI

configuration registers 25-13
PCI configuration registers

accessing 3-25

offsets 3-25, 17-20, 25-13
PCICO_BARO 25-141
PCICO_BIST 25-142
PCICO_BRDGOPT1 25-143
PCICO_BRDGOPT2 25-144
PCICO_CACHELS 25-145
PCICO_CAP 25-146
PCICO_CAPID 25-147

Index
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PCICO_CFGADDR 25-148
PCICO_CFGDATA 25-149
PCICO_CLS 25-150
PCICO_CMD 25-151
PCICO_DATA 25-153
PCICO_DEVID 25-154
PCICO_ERREN 25-155
PCICO_ERRSTS 25-156
PCICO_HDTYPE 25-157
PCICO_ICS 25-158
PCICO_INTLN 25-159
PCICO_INTPN 25-160
PCICO_LATTIM 25-161
PCICO_MAXLTNCY 25-162
PCICO_MINGNT 25-163
PCICO_NEXTIPTR 25-164
PCICO_PLBBEAR 25-165
PCICO_PLBBESRO 25-166
PCICO_PMC 25-170
PCICO_PMCSR 25-171
PCICO_PMSCRR 25-173
PCICO_PTM1BAR 25-174
PCICO_PTM2BAR 25-175
PCICO_REVID 25-176
PCICO_SBSYSID 25-177
PCICO_SBSYSVID 25-178
PCICO_STATUS 25-179
PCICO_VENDID 25-181
PCILO_PMMOLA 25-182
.PCILO_PMMOMA 25-183
PCILO_PMMOPCIHA 25-184
PCILO_PMMOPCILA 25-185
PCILO_PMM1LA 25-186
PCILO_PMM1MA 25-187
PCILO_PMM1PCIHA 25-188
PCILO_PMM1PCILA 25-189
PCILO_PMM2LA 25-190
PCILO_PMM2MA 25-191
PCILO_PMM2PCIHA 25-192
PCILO_PMM2PCILA 25-193
PCILO_PTM1LA 25-194
PCILO_PTM1MS 25-195
PCILO_PTM2LA 25-196
PCILO_PTM2MS 25-197
PCIPCICO_PLBBESR1 25-168
performance
DCU
improve with simultaneous caching 4-18
limited by sequential caching 4-18
overview 4-16
improve
through byte-writeability 4-6
lower
from cache-inhibited regions 4-4
Peripheral Controller Address Register. See
EBCO_CFGADDR
Peripheral Controller Data Register. See
EBCO_CFGDATA
physical address map 3-2
PID 25-198
PID (process ID)
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. illustrated 6-12
PIT 11-4, 25-199
PIT (programmable interval timer)
interrupts, register settings  10-41
PLB 2-1
PLB arbiter
registers 2-5
PLB to OPB bridge
registers 2-8
PLBO_ACR 2-5, 25-200
PLBO_BEAR 2-5, 25-201
PLBO_BESR 2-6, 25-202
POBO_BEAR 2-8, 25-204
POB0_BESRO 25-205
POBO_BESR1 25-207
portability, instruction set 24-1
PowerPC architecture 1-4
precise interrupts  10-22
pre-fetch
branches to CTR 3-38
branchesto LR 3-38
buffers 3-33
past interrupts  3-39
primary opcodes A-33
priority signal
DCU 4-17
privileged mode
defined 3-41
instructions, listed 3-42
registers  3-5
privileged programming model 3-1
privileged SPRs
instructions for reading 3-42
problem state. See user mode
process ID. See PID
processor
management instructions  3-53
processor local bus  2-1
overlapped transfers 2-4
transfer protocol 2-3
Processor Version Register. See PVR
program interrupts
causes 10-40
ESR usage 10-40
register settings  10-41
programmable interval timer 11-4
programming model
features 3-1
programming models
privileged 3-1
user 3-1
programming note
data storage interrupts  10-37
EA access in DCU 4-8
external or timer interrupts  10-38
instruction pipeline 4-15
MSR affected by instructions 10-28
non-supported memory models 4-7
reserved fields 3-3
RPN field 6-4
synchronizing the ITLB  6-9

Preliminary



pseudocode 24-2

PVR 25-208

PVR (Processor Version Register)
illustrated 3-12

R
real mode
storage attribute control 6-17
register description 21-4
register set summary 1-10= 1-11
registers
categories 3-3, 25-1
CCRO 25-15
CPCO_CR1 25-20
CPCO_ER 25-21
CPCO_FR 25-22
CPCO_JTAGID 25-23
CPCO_PLLMR 25-24
CPCO_PSR 25-26
CPCO_SR 25-28
CR 25-1, 25-29
CTR 15-6, 15-14, 15-15, 15-16, 15-17, 15-20,
25-30, 25-209, 25-210, 25-218,
25-219, 25-220, 25-221
DAC1 12-14
DAC1-DAC2 12-14, 14-7, 25-31, 25-48
DBCR 12-9
DBCRO 25-32, 25-34
DBSR 12-12, 25-36
DCCR 25-38
DCPO_ADDRO-DCPO_ADDR1 25-40
DCPO_ADDRO-DCPO_ADDR3 14-5, 25-40
DCPO_CFG 14-6, 25-41
DCPO_CFGADDR 25-42
DCPO_CFGDATA 25-43
DCPO_ESR 14-8, 25-44
DCPO_ID 14-6, 25-46
DCPO_ITOR0O-DCPO_ITOR3 14-4, 25-47
DCPO_MEMBEAR 14-7, 25-48
DCPO_PLBBEAR 14-7, 25-49
DCPO_RAMO-DCPO_RAMB3FF 25-50
DCPO_VER 14-7, 25-51
DCR numbering 25-4
DCRs
indirectly accessed 3-19
summarized 1-11
uses for 3-16
DCWR 25-52
DEAR 25-54
descriptions of commonly used 3-3
DMAO_CR0-DMAO_CR3 18-8, 25-55
DMAO_CTO-DMAO_CT3 18-11, 25-58
DMAO_DAO-DMAO_DA3 18-11, 25-59
DMAO_POL 25-60
DMAOQ_SA0-DMAO_SA3 18-10
DMAO_SA0-DMAO_SA3 25-62
DMAO_SG0-DMAO_SG3 18-12
DMAO_SG0-DMAO_SG3 25-63
DMAO_SGC 18-13, 25-64
DMAOQO_SLP 25-65
DMAO_SR 18-7, 25-66
during debug exceptions 10-45
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EBCO_BEAR 25-68
EBCO_BESRO 25-69
EBCO_BESR1 25-71
EBCO_BnAP 25-73
EBCO_BnCR 25-75
EBCO_CFG 25-76
EBCO_CFGADDR 25-78
EBCO_CFGDATA 25-79

EMACO_GAHT1-EMACO_GAHT4 25-80

EMACO_IAHR 25-81

EMACO_IAHT1-EMACO_IAHT4 25-82

EMACO_TMRO 25-83
EMACO_TMR1 25-84
EMACO_TRTR 25-85
EMACO_VTCI 25-86
EMACO_VTPID 25-87
ESR 25-88
EVPR 25-89
GPIOO_IR 25-390
GPIO0_ODR 25-91
GPIOO_OR 25-92
GPIOO_TCR 25-93
GPR 25-1
GPR0O-GPR31 25-94
GPRs

overview 3-6

summary 1-10
IAC1-1AC4 25-67, 25-95
IAC1-IAC4 12-14
ICCR 25-96
ICDBDR 25-98
ICO_CLKDIV 25-99
IICO_CNTL 25-100
IICO_DIRECTCNTL 25-101
IICO_EXTSTS 25-102
IICO_HMADR 25-104
IICO_HSADR 25-105
IICO_INTRMSK 25-106
IICO_LMADR 25-107
IICO_LSADR 25-108
IICO_MDBUF 25-109
IICO_MDCNTL 25-110
IICO_SDBUF 25-111
IICO_STS 25-112
IICO_XFRCNT 25-113
IICO_XTCNTLSS 25-114
interrupt handling 10-27
LR 25-116
MALO_CFG 25-117
MALO_ESR 25-119
MALO_IER 25-121
MALO_RCBS0 25-122
MALO_RXCARR 25-123
MALO_RXCASR 25-124
MALO_RXCTPOR 25-125
MALO_RXDEIR 25-126
MALO_RXEOBISR 25-127
MALO_TXCASR 25-129
MALO_TXCTPOR 25-130
MALO_TXCTP1R 25-130
MALO_TXDEIR 25-131
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MALO_TXEOBISR 25-132
MMIO registers

directly accessed 3-22

indirectly accessed 3-25
MSR 3-15, 25-1, 25-133
OCMO_DSARC 25-135
OCMO_DSCNTL 25-136
OCMO_ISARC 25-137
OCMO_ISCNTL 25-138
OPB arbiter 2-12
OPBAO_CR 2-12, 25-139
PCI configuration 25-13
PCICO_BARO 25-141
PCICO_BIST 25-142
PCICO_BRDGOPT1 25-143
PCICO_BRDGOPT2 25-144
PCICO_CACHELS 25-145
PCICO_CAP 25-146
PCICO_CAPID 25-147
PCICO_CFGADDR 25-148
PCICO_CFGDATA 25-149
PCICO_CLS 25-150
PCICO_CMD 25-151
PCICO_DATA 25-153
PCICO_DEVID 25-154
PCICO_ERREN 25-155
PCICO_ERRSTS 25-156
PCICO_HDTYPE 25-157
PCICO_ICS 25-158
PCICO_INTLN 25-159
PCICO_INTPN 25-160
PCICO_LATTIM 25-161
PCICO_MAXLTNCY 25-162
PCICO_MINGNT 25-163
PCICO_NEXTIPTR 25-164
PCICO_PLBBEAR 25-165
PCICO_PLBBESRO 25-166
PCICO_PMC 25-170
PCICO_PMCSR 25-171
PCICO_PMSCRR 25-173
PCICO_PTM1BAR 25-174
PCICO_PTM2BAR 25-175
PCICO_REVID 25-176
PCICO_SBSYSID 25-177
PCICO_SBSYSVID 25-178
PCICO_STATUS 25-179
PCICO_VENDID 25-181
PCILO_PMMOLA 25-182
PCILO_PMMOMA 25-183
PCILO_PMMOPCIHA 25-184
PCILO_PMMOPCILA 25-185
PCILO_PMM1LA 25-186
PCILO_PMM1MA 25-187
PCILO_PMM1PCIHA 25-188
PCILO_PMM1PCILA 25-189
PCILO_PMM2LA 25-190
PCILO_PMM2MA 25-191
PCILO_PMM2PCIHA 25-192
PCILO_PMM2PCILA 25-193 .
PCILO_PTM1LA 25-194
PCILO_PTM1MS 25-195
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PCILO_PTM2LA 25-196
PCILO_PTM2MS 25-197
PCIPCICO_PLBBESR1 25-168
PID 25-198

PIT 11-4, 25-199

PLB arbiter 2-5

PLB to OPB bridge 2-8
PLBO_ACR 2-5, 25-200
PLBO_BEAR 2-5, 25-201
PLBO_BESR 2-6, 25-202
POB0O_BEAR 2-8, 25-204
POBO_BESR0 25-205
POBO0_BESR1 25-207
PVR 25-208

reserved 25-1 )
reserved fields 3-3, 25-1

SDRAMO_BOCR-SDRAMO_B3CR 25-209

SDRAMO_BEAR 25-210
SDRAMO_BESRO 25-211
SDRAMO_BESR1 25-213
SDRAMO_CFG 25-214
SDRAMO_CFGADDR 25-216
SDRAMO_CFGDATA 25-217
SDRAMO_ECCCFG 25-218
SDRAMO_ECCESR 25-219
SDRAMO_PMIT 25-220
SDRAMO_RTR 25-221
SDRAMO_TR 25-222
SGR 25-224
SLER 25-226
SPR numbering 25-1
SPRG0-SPRG4  3-11
SPRGO0-SPRG7 25-228
SPRs

overview 3-6

summary 1-10
SRRO 25-229
SRR1 25-230
SRR2 25-231
SRR3 25-232
SUOR 25-233
summary of sets  1-10~ 1-11
supervisor, illustrated 3-5
TBL 25-235
TBU 25-236
TCR 11-5, 11-6, 11-9, 25-237
TSR 11-6, 11-8, 25-238
UARTx_DLL 25-239
UARTx_DLM 25-240
UARTx_FCR 25-241
UARTx_IER 25-242
UARTx_IIR 25-243
UARTx_LCR 25-244
UARTx_LSR 25-245
UARTx_MCR 25-247
UARTXx_MSR 25-248
UARTx_RBR 25-249
UARTx_SCR 25-250
UARTx_THR 25-251
UICO_CR 25-252
UICO_ER 25-255
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UICO_MSR 25-258
UICO_PR 25-261
UICO_SR 25-264
UICO_TR 25-267
UICO_VCR 25-270
UICO_VR 25-271
user, illustrated 3-5
USPRGO 3-11, 25.-272
XER 25-273
ZPR 25-274
reservation bit 24-89, 24-171
reserved fields 25-1
programming note 3-3
reserved registers 25-1
resets
effects on MSR 8-3
effects on SPRs 8-4
processor initialization 8-14
processor state after 8-2
rfci  24-144
effect on MSR reserved fields 10-28
rfi 24-145
effect on MSR reserved fields 10-28
riwimi  24-146
riwimi. 24-146
riwinm  24-147
riwinm. 24-147
rlwnm  24-150
rlwnm. 24-150
rotlw 24-150
rotlw. 24-150
rotlwi  24-148
rotiwi, 24-148
rotrwi  24-148
rotrwi. 24-148
rxtended mnemonics
bnectr 24-28

S
Save/Restore Registers 0-1. See SRR0-1
sc 24-151
scratchpad register 21-13
SDRAM controller
DCRs
access procedures, overview 3-19
indirect access 3-19
offsets 3-19
SDRAMO_BOCR-SDRAMO_B3CR 25-209
SDRAMO_BEAR 25-210
SDRAMO_BESRO 25-211
SDRAMO_BESR1 25-213
SDRAMO_CFG 25-214
SDRAMO_CFGADDR 25-216
SDRAMO_CFGADDR (Memory Controller Address
Register)
accessing 3-19
SDRAMO_CFGDATA 25-217

SDRAMO_CFGDATA (Memory Controller Data Register)

accessing 3-19
SDRAMO_ECCCFG 25-218
SDRAMO_ECCESR 25-219
SDRAMO_PMIT 25-220
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SDRAMO_RTR 25-221
SDRAMO_TR 25-222
secondary opcodes A-33
serial-interface characteristic 21-2
serial-to-parallel conversion 21-1
SGR 25-224

"SGR (Storage Guarded Register)

controlling speculative accesses 3-38
controlling the guarded (G) storage attribute 6-19
shadow TLB. See DTLB :
SLER 25-226
SLER (Storage Little Endian Register)
controlling the endian (E) storage attribute 6-19
slw 24-152
slw. 24-152
slwi  24-148
slwi. 24-148
Special Purpose Register General 0-7. See SPRGO0-7
special purpose registers. See SPRs
speculative accesses
to CTRorLR 3-38
defined 3-37
down predicted path 3-38
fetching past interrupts  3-39
fetching past tw or twi  3-39
fetching past unconditional branches 3-40
preventing inappropriate  3-37= 3-41
SPRGO-7 (Special Purpose Register General 0-7)
temporary storage to  3-11
SPRG0-SPRG4  3-11
SPRG0-SPRG7 25-228
SPRs (special purpose registers)
contents after resets 8-4
listed, with page references 3-7
overview 3-6
privileged and non-privileged 3-6
privileged, instructions for reading 3-42
summary 1-10
SRAM
timing 15-1, 16-2
sraw 24-153
sraw. 24-153
srawi 24-154
srawi. 24-154
SRRO 25-229
SRRO-1 (Save/Restore Registers 0-1)
illustrated 10-29
SRR1 25-230
SRR2 25-231
SRR3 25-232
srw  24-155
srw. 24-155
srwi 24-149
srwi. 24-149
stb 24-156
stbu 24-157
stbux 24-158
stbx 24-159
sth 24-160
sthbrx 24-161
sthu 24-162
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sthux 24-163
sthx 24-164
stmw 24-165
storage attribute control registers
DCCR 6-19
DCWR 6-18
ICCR 6-19
SGR 6-19
SLER 6-19
SUOR 6-19
storage attributes
caching inhibited (1)
real mode 6-19
virtual mode 6-5
endian (E)
and little endian  3-30
real mode 6-19
when controlled by TLB 6-6
guarded (G)

controlling speculative accesses 3-37

real mode 6-19
virtual mode 6-6
memory coherent (M)
not supported 6-6
overview 3-3
real mode 6-17
TLB control of 6-5
user-defined (U0)
real mode 6-19
virtual mode 6-5
write-through (W)
real mode 6-18
virtual mode 6-5
Storage Guarded Register. See SGR
Storage Guarded Register. See SGR

Storage Little Endian Register. See SLER

storage reference instructions 3-48
storage regions
big endian
alignment 3-27

byte-reverse instructions 3-32- 3-33

little endian
accessing data from 3-31
alignment 3-27
byte reversal 3-31

byte-reverse instructions 3-32- 3-33

data alignment 3-32
fetching instructions from 3-31
storage synchronization 3-46

Storage User-Defined 0 Register. See SUOR

string instructions
access protection 6-16
structure mapping
examples 3-29
stswi  24-166
stswx 24-167
stw 24-169
stwbrx 24-170
stwex. 24-171
stwu 24-173
stwux 24-174
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stwx 24-175
SUOR 25-233

SUOR (Storage User-Defined 0 Register)
controlling the user-defined (UO) storage attribute

6-19
sub 24-176
sub. 24-176
subc 24-177
subc. 24-177
subco 24-177
subco. 24-177
subf 24-176
subf. 24-176
subfc 24-177
subfe. 24-177
subfco 24-177
subfco, 24-177
subfe 24-178
subfe. 24-178
subfeo 24-178
subfeo. 24-178
subfic 24-179
subfme 24-180
subfme. 24-180
subfmeo 24-180
subfmeo. 24-180
subfo 24-176
subfo. 24-176
subfze 24-181
subfze. 24-181
subfzeo 24-181
subfzeo. 24-181
subi 24-9
subic 24-10
subic. 24-11
subis 24-12
subo 24-176
subo. 24-176
supervisor state. See privileged mode
sync 24-182
storage synchronization 3-46
synchronization
context 3-44
execution, defined 3-46
ICU 4-5

references to PowerPC Architecture 3-43

storage 3-46
synchronous interrupts 10-22
system call interrupts

register settings  10-41
T
TBL 25-235
tblrehi 24-185
tblrelo 24-185
tblwehi 24-189
tblwelo 24-189
TBU 25-236
TCR 11-9, 25-237
TID (translation I1D)

and MMU access protection
time base 11-2
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implementation 3-15
writing 3-15
timer interrupts
programming note 10-38
timers
FIT 11-5
fixed interval timer 11-5
PIT 114

programmable interval timer 11-4

TCR 11-9

timer control register 11-9

timer status register 11-8

TSR 11-8

watchdog 11-6

timings

instruction C-3 .
branches and cr logicals C-3
general rules C-3
instruction cache misses C-7
loads and stores C-6
strings C-6

TLB (translation lookaside buffer) 6-2

access protection 6-12, 6-15

and cacheability control  4-8

execute permissions 6-13

interrupts  6-9

invalidate instruction 6-11

management instructions 3-53

preventing miss interrupts  6-10

read/write instructions  6-11

search instructions 6-11

sync instruction 6-11

zone protection 6-13

See also ITLB;UTLB;DTLB
tibia 24-183

and TLB management 6-11
tbre 24-184

and TLB management 6-11
tlbsx 24-186

and TLB management 6-11
tibsx. 24-186

and TLB management 6-11
tibsync 24-187

and TLB management 6-11
tibwe 24-188

and TLB management 6-11
transfer protocol

processor local bus  2-3
translation ID. See TID

translation lookaside buffer. See TLB
translation, address. See address translation

trap 24-191
TSR 11-8, 25-238
tw 24-190
fetching past 3-39
tweq 24-191
tweqi 24-194
twge 24-191
twgei 24-194
twgle 24-191
twgt 24-191
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twgti  24-194
twi 24-193
fetching past 3-39

twle 24-191

twlei 24-194
twigei 24-194
twigt 24-191
twigti  24-194
twlle 24-192
twllei 24-194
twilt  24-192

twilti  24-194
twing 24-192
twingi 24-194
twinl 24-192
twinli  24-195
twit 24-192

twiti  24-195

twne 24-192
twnei 24-195
twng 24-192
twngi 24-195
twnl 24-192

twnli  24-195

U

UART Reset and Sleep mode 21-16

UARTx_DLL 25-239
UARTx_DLM 25-240
UARTx_FCR 25-241
UARTx_IER 25-242
UARTx_IIR 25-243
UARTx_LCR 25-244
UARTx_LSR 25-245
UARTx_MCR 25-247
UARTx_MSR 25-248
UARTx_RBR 25-249
UARTx_SCR 25-250
UARTx_THR 25-251
UICO_CR 25-252
UICO_ER 25-255
UICO_MSR 25-258
UICO_PR 25-261
UICO_SR 25-264
UICO_TR 25-267
UICO_VCR 25-270
UICO_VR 25-271
unconditional branches

AAfield 3-34

speculative accesses 3-40
unified TLB. See UTLB
user mode

defined 3-41

registers 3-5
user programming model  3-1
user-defined (U0) storage attribute

controlled by SUOR 6-19
USPRGO 3-11, 25-272

UTLB (unified translation lookaside buffer)

access control fields 6-5
entry format, illustrated 6-3
EPN field 6-3

Index



EX field 6-5

field categories 6-3
functional overview 6-2
page identification fields 6-3
RPN field 6-4

SIZE field 6-4

TID field 6-4
translation field 6-4
Vfield 6-4

WR field 6-5

ZSEL field 6-5

\'
virtual mode
and TLB control of storage attributes 6-5

w
watchdog timer 11-6
WDT (watchdog timer)
interrupts, causes 10-43
interrupts, register settings 10-43
write strategies
controlled by DCWR 4-7
used by DCU 4-7
write-through (W) storage attribute
controlled by DCWR 6-18
when controlled by TLB  6-5
wrtee 24-196
wrteei 24-197

X

XER 25-273

XER (Fixed Point Exception Register)
illustrated 3-8

xor 24-198

xori 24-199

Z

zone fault 10-37

Zone Protection Register. See ZPR

zone, defined 6-13

ZPR 25-274

ZPR (Zone Protection Register)
illustrated 6-13
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