MPC855TUM/D
4/2002
REV 0.1

MPC855T User’'s Manual

Integrated Communications Microprocessor

-

Z“ freescale*

seneonductor


RXZB30
logo


Home Page:

www.freescale.com

email:

support@freescale.com
USA/Europe or Locations Not Listed:
Freescale Semiconductor

Technical Information Center, CH370
1300 N. Alma School Road
Chandler, Arizona 85224

(800) 521-6274

480-768-2130
support@freescale.com

Europe, Middle East, and Africa:
Freescale Halbleiter Deutschland GmbH
Technical Information Center
Schatzbogen 7

81829 Muenchen, Germany

+44 1296 380 456 (English)

+46 8 52200080 (English)

+49 89 92103 559 (German)

+33 1 69 35 48 48 (French)
support@freescale.com

Japan:

Freescale Semiconductor Japan Ltd.
Headquarters

ARCO Tower 15F

1-8-1, Shimo-Meguro, Meguro-ku
Tokyo 153-0064, Japan

0120 191014

+81 2666 8080
support.japan@freescale.com
Asia/Pacific:

Freescale Semiconductor Hong Kong Ltd.

Technical Information Center

2 Dai King Street

Tai Po Industrial Estate,

Tai Po, N.T., Hong Kong

+800 2666 8080
support.asia@freescale.com
For Literature Requests Only:
Freescale Semiconductor
Literature Distribution Center
P.O. Box 5405

Denver, Colorado 80217

(800) 441-2447

303-675-2140

Fax: 303-675-2150
LDCForFreescaleSemiconductor
@hibbertgroup.com

Information in this document is provided solely to enable system and software
implementers to use Freescale Semiconductor products. There are no express or
implied copyright licenses granted hereunder to design or fabricate any integrated
circuits or integrated circuits based on the information in this document.

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

-

> freescale"

semconduchor


RXZB30
hibbertleft

RXZB30
hibbertleft

RXZB30
disclaimer

RXZB30
logo


Part —Overview |

MPC855T Overview || IR
Memory Map [IIEEEN
Part [I—PowerPC Microprocessor Module [l
PowerPC Core
PowerPC Core Register Set
MPCB855T Instruction Set
Exceptions | IR
Instruction and Data Caches
Memory Management Unit [ I EENEN
Instruction Execution Timing | I EGEKIEE

Part lll—PowerPC Microprocessor Module 1]

System Interface Unit
Reset _

Part IV—Hardware Interface
External Signals _
External Bus Interface [N
Clocks and Power Control
Memory Controller
PCMCIA Interface




Y =
[l ()

[EEN
N

I
(621 BN

<
= -
(o)) w

Part I—Overview

MPC855T Overview

Memory Map

Part II—PowerPC Microprocessor Module
PowerPC Core

PowerPC Core Register Set

MPCB855T Instruction Set

Exceptions

Instruction and Data Caches

Memory Management Unit

Instruction Execution Timing

Part [ll—PowerPC Microprocessor Module
System Interface Unit

Reset

PartlV—Hardware Interface

External Signals

External Bus Interface

Clocks and Power Control

Memory Controller

PCMCIA Interface



Part V—Communications Processor Module \
Communications Processor Module and Timers
Communications Processor
SDMA Channels and IDMA Emulation

Serial Interface 20

SCC Introduction
SCC UART Mode 22
SCC HDLC Mode 23
SCC AppleTalk Mode 24

SCC Asynchronous HDLC Mode and IrDA
SCC BISYNC Mode
SCC Ethernet Mode 27

SCC Transparent Mode
Serial Management Controllers

Serial Peripheral Interface
12C Controller
Parallel Interface Port

WIWININ
(@] [{o] [oe]

|20 |
|22 |
|23 |
|24 |
|27 |
|28 |
|29 |
|30 |

Parallel 1/0O Ports
CPM Interrupt Controller
Part VI—Asynchronous Transfer Mode V|
ATM Overview
Buffer Descriptors and Connection Tables
ATM Parameter RAM
ATM Controller
ATM Pace Control
ATM Exceptions
Interface Configuration
UTOPIA Interface

Fast Ethernet Controller VIi

Fast Ethernet Controller

Part VII—System Debugging and Testing Support
System Development and Debugging

IEEE 1149.1 Test Access Port

Byte Ordering

Serial Communication Performance

Register Quick Reference Guide

Instruction Set Listings

Serial ATM

Glossary
Index

N
w

B
(6]

=|O
Zl—
Olo H



vV Part V—Communications Processor Module
17 | Communications Processor Module and Timers
) Communications Processor
19 SDMA Channels and IDMA Emulation
20 Serial Interface
SCC Introduction
29 SCC UART Mode
SCC HDLC Mode
SCC AppleTalk Mode
SCC Asynchronous HDLC Mode and IrDA
SCC BISYNC Mode
SCC Ethernet Mode
_ SCC Transparent Mode
Serial Management Controllers
30 Serial Peripheral Interface
31 >C Controller
32 Parallel Interface Ports
33 Parallel 1/0O Ports

_ CPM Interrupt Controller

Part VI—Asynchronous Transfer Mode
ATM Overview

Buffer Descriptors and Connection Tables
ATM Parameter RAM

ATM Controller

ATM Pace Controller

ATM Exceptions

Interface Configuration

UTOPIA Interface

VIl Fast Ethernet Controller

Fast Ethernet Controller

VI Part VIIl — System Debugging and Testing Support
System Development and Debugging
IEEE 1149.1 Test Access Port

Byte Ordering

Serial Communication Performance
Register Quick Reference Guide
Instruction Set Listings

Serial ATM
Glossary

Index

WIWIWIW
(o0] N a1

IS
N (@] [{e) »

3

=

[$a) F-N

> Q IN N
@)

O



Paragraph
Number

11
1.2
13
14
15
1.6
1.7

31

3.2
321
3.3

34
34.1
34.2
343
3431
34.3.2
3.5

3.6

Contents

Page
Title Number
Part |
Overview
Chapter 1
MPCB855T Overview

(= L0 <SP 1-1
Embedded MPCBXX COME.......cccueieiiiiiiee ettt e s esra e s s sabae e e s snaes 1-5
System Interface UNit (STU) ..oc.eveiiriiieeeeie et 16
[ 1Y L@ N 0o g 11 £0) 1 1= 1-7
POWEr ManNagEMENT...........ooiiieiie et 1-7
Communications Processor Module (CPM) ......cueeeveeiece e seesee e 1-7
ATM CapabilitiES......c.eecueeiecieee et nre e 1-8

Chapter 2

Memory Map
Part lI
PowerPC Microprocessor Module
Chapter 3
The MPC8xx Core

The MPCB855T Core as a PowerPC Implementation ...........cccoceveereeveeseenienenn 31
PowerPC ArChitECtUrE€ OVEIVIEW .......c.vveeiiiiiiee e cctieee ettt e s sbree e s eanes 31
Levels of the PowerPC ArchiteCture..........ooeveccveeeccieeecee e 33
FFEALUMES ...ttt e e e e et e e e e e e s s s e aabb b e e e e e e e e e e s nnrareees 34
BasiC SIrUCIUIE Of thE COTE........uveeeiieieiee e 36
TS (0 T o g1 o 37
BasiC INStruction PIPEliNE........c.ooveie e 3-8
TS (0 T (o o T o S 38
Branch OPErationS..........ccceueiirireriesereeee e 3-8
Dispatching INSEIUCLIONS..........coceeiiicie e 3-10
REGISIEN SEL ... ettt et nne s 3-10
EXECULTON UNITS...iiiiiieiie ittt ettt e e st e e s s etaa e e e s eaaeee s sssbeeesssanbreeesenns 3-10

Contents Vii



Paragraph
Number

36.1
3.6.2
3.6.3
3631
3.6.3.2
3.6.3.3
3634
3.6.35
3.6.3.6
3.7

4.1

41.1
4111
41111
41112
41.1.13
41114
4.1.2
4121
4.1.2.2
4.1.2.3
41231
4.1.2.3.2
4.1.3
4131
4.2

5.1
511
5.1.2
5.2
521
5211
5212
5.2.13

Contents

Page
Title Number
Branch Processing UNIt ........ccooeieriiiiieeesese e 311
La1=e = G o USROS 311
(0720 /S (o =1 0 o SRS 311
Executing Load/Store INStruCtions...........cceoererereneneseeeesesee e 3-13
Serializing Load/Store INStrUCtioNS ..........ccuvcceieese e 3-13
SEOTE ACCESSES ....eietee ettt e bt et e e be e s se e et e e s ae e e be e s aeeebeesaeeenneenneas 3-13
Nonspeculative Load INSIIUCLIONS...........cooveieriinierienieseseeee e 3-14
UNaligNEd ACCESSES ......oeiveeiecieciee ettt ee st te et ae e e s reere e e sneennans 314
Atomic Update PrimitiVES..........coeiiiieieiereresese e 3-15
The MPC855T and Implementation of the PowerPC Architecture................... 3-15
Chapter 4
MPC8xx Core Register Set
MPCB855T Register Implementation...........ccccveveriieeiee e 4-1
PowerPC Registers—Usar REQISIEN'S .......ocuiiirierereeieeeeeeee e 4-2
PowerPC User-Level Register Bit ASSIgNMENES.........cocvveeveerieeceeseesieee 4-2
Condition RegISter (CR) ....cocvieiieiiecieece e 4-3
Condition Register CRO Field DEfinition ..........cccceveeeeienenenineneseens 4-3
XER ettt 44
TIMEBase REJISIENS .....cveecie ettt 4-5
PowerPC Registers—Supervisor REQISIENS .........ooererererieieereere e 4-5
DAR, DSISR, and BAR Operation...........cceoerireneneseseseeieeseesee e siesiesnens 4-6
UNSUPPOIted REJISIENS. ... ..ot 46
PowerPC Supervisor-Level Register Bit ASSIgNMENtS........ccccveevveerieennnne 4-6
Machine State RegiSter (MSR) .......ccoviieieeie e 47
Processor VErsion REQISLEN ........coieeiiriiniieieneesee e 4-8
MPCB55T-SPECITIC SPRS.....ccciiiiciicieeeeee e 4-9
ACCESSING SPRS.....cciiiiieiticie ettt st ste et te e ste e sae e ae e e sbeeeesreesneennens 4-11
Register Initialization at RESEL ..........ooeiieiieeee e 4-12
Chapter 5
MPC855T Instruction Set
Operand CONMVENTIONS........coiiieerierie e see e eee e seseeseesseeseesseesseeseesseensesseesseeses 5-1
Data Organization in Memory and Data Transfers.........ccovvverenenencsesennenn 5-1
Aligned and Misaligned ACCESSES ........ooerrireereeie e 5-1
INSLrUCLION SEE SUMIMEAIY .....cvieieieiecie et eee e 5-2
Classes Of INSEIUCLIONS ........oiveiirieriesiesiie e nneas 5-3
Definition of Boundedly Undefined...........cooiiiiiininininiceeee e 54
Defined INStrUCtioN ClaSS.......ccveueeeeiicie e 54
[H1egal INStrUCtioN ClaSS........ccveiieieeiece e 54

MPC855T User’s Manual



Paragraph
Number

5214
5.2.2
5221
5.2.2.2
5.2.23
52231
5.2.23.2
5.2.2.3.3
523
5.24
5241
52411
52412
52413
52414
5.24.2
52421
52422
5.24.23
52424
52425
5.24.2.6
5.24.3
52431
52432
52433
5.24.4
5.245
52451
5.2.4.6
5.25
5251
5.25.2
52521
52522
5.253
5.2.6
5261

Contents

Page

Title Number

Reserved INStruCtion ClaSS.........ccuvieeieeiieseeseere e 5-5
AdAresSiNg MOOES ......c.coivicieciece ettt 55
MEMOrY ACArESSING. ...cueeueeuieieierte st sresnenresneas 56
Effective Address CalCUlalioN...........coeverieienineneseseseeee e 56
SYNCAIONIZALION ..ot sreeereens 5-6
Context SYNCHIrONIZAEION ........cceeeeieieieeresieee e 56
EXecution SyNChroniZatioN ............cceoeeeereesesieeseese e se e 5-7
Instruction-Related EXCEPLIONS........cucciuieiieiiiieiie et see e 5-7
INSLrUCLION SEE OVEIVIEW ...ttt 5-8
POWErPC UISA INSLIUCHIONS ......eeiviieieiieieiesie sttt 5-8
INteger INSLIUCLIONS .......ooiiieciic e 538
Integer Arithmetic INSIrUCtIONS........cccoviiiieieee e 58
Integer Compare INSIFUCHIONS .........ccveiveeiieiee e 59
Integer Logical INSLIUCLIONS........cceeivieiieniesieeie e 5-10
Integer Rotate and Shift INSIrUCtIONS..........coovvereeieecc e 5-11
Load and StOre INSITUCHIONS........cceieriririee e 5-12
Integer Load and Store Address Generation...........ccoceveereeiescenienene 5-12
Register Indirect Integer Load INSIrUCtioNS..........covveeienenencnienieie 5-12
INteger Store INSITUCHIONS.........ccviiececie e 5-14
Integer Load and Store with Byte-Reverse Instructions.............c.cc....... 5-14
Integer Load and Store Multiple INStructions...........ccccoeverevenenenene 5-15
Integer Load and Store String INStructions...........coeeeeeeeceecieceecieenne, 5-15
Branch and Flow Control INStrUCtioNS..........ccoovererienienesiee e 5-16
Branch Instruction Address Calculation............coevreieienenenesennne 5-17
Branch INStIUCLIONS........ccuoiiiiieie e e 5-17
Condition Register Logical INStruCtions............cccoeveereenenenenesiesennenn 5-17
Trap INSITUCLIONS......eeeeeceece ettt 5-18
Processor Control INStrUCLIONS.........coouiieeieiiiseerieee e 5-18
Move to/from Condition Register INStructions............cccceeevenererennene 5-18
Memory Synchronization Instructions—UISA ..........ccccoovevevieeveccieceenns 5-19
POWEIPC VEA INSLIUCLIONS........oiieieeieeiesieeie e 5-21
Processor Control INStIUCLIONS..........couvieereeirseese e 5-21
Memory Synchronization INnStructions—VEA ..........cccceevvievieevecciereenns 5-21
BIEI0 BENAVION ... e 5-22
ISYNC BENAVIOT ...t 5-22
Memory Control INStruCtioNS—VEA .......c.oooiieeiececeee e 5-22
POWErPC OEA INSITUCHIONS ......veiiiiiieieeee et 5-23
System Linkage INStIUCTIONS...........coerieieieniesiesie e 5-23

Contents iX



Paragraph
Number

5.26.2
5.2.6.21
5.2.6.2.2
5.2.6.3

6.1
6.1.1
6.1.2
6.1.2.1
6.1.2.2
6.1.2.3
6.1.2.4
6.1.2.5
6.1.2.6
6.1.2.6.1
6.1.2.7
6.1.2.8
6.1.2.9
6.1.2.10
6.1.2.11
6.1.3
6.1.3.1
6.1.3.2
6.1.3.3
6.1.3.4
6.1.3.5
6.1.3.6
6.1.4
6.1.5
6.1.6
6.1.7

7.1
7.2
7.3
731

Contents

Page
Title Number
Processor Control INStructionS—OEA ........ccoooeeieeiereere e seesee e 5-23
Move to/from Machine State Register INStructions............ccccceeeveieennens 5-24
Move to/from Special-Purpose Register INStructions...........ccceeeveennens 5-24
Memory Control INStruCtioNS—OEA .........ccccvviereeieseere e seeseeeens 5-24

Chapter 6

Exceptions
[ Cers o1 o] OSSPSR 62
EXCEPLION OrderiNg.....ccoveeeieeiterieeieeieeee et 6-3
PowerPC-Defined EXCEPLIONS........ccveieeierie e 64
System Reset Interrupt (0X00100) ......ccvvveiieeieeiiiieiie e see e see e 6-5
Machine Check Interrupt (0X00200) ........ccecererererererereeeesie e 6-5
DSI Exception (0X00300) .....ccoveeeeereerieeieseesieeeeseesseessesseesseessesseesseessesneesns 66
ISI Exception (0X00400)........ccoieiieeiie e siie e st e e et e e sneas 66
External Interrupt Exception (0X00500) ........cccevererierenerieeienieniesiesiesieneens 66
Alignment Exception (0X00600) .........cceeeereeriereeseeieseeseeseeseesseeeesseenes 6—7
Integer Alignment EXCEPLIONS ........ooeeiieiieiiereeieeee e 6-8
Program Exception (0X00700)..........ceerereereereereesiesiesiesseseeeeseesse e ssesseseens 6-9
Decrementer Exception (0X00900) .........ccoeeuereerieeieeseesieeeeseeseeeeesseenens 6-10
System Call Exception (OXO0CO00) ........oveerverierreesieeeeseesieeee e sieesee e 6-11
Trace Exception (OXO0DO00).........cevreereerieriereesiesiesieseeeesee e seeseeseeseessesaens 6-11
Floating-Point ASSISt EXCEPLION .......ccceceeiieeieceiecie e 6-12
Implementati on-SPecific EXCEPLIONS..........coerererirereeeeeeee e 6-12
Software Emulation Exception (0X01000) ........ccceeerererierneenieneseesiesieniens 6-12
Instruction TLB Miss Exception (0X01100) ........ccccceeveeirerieeseeiieseesieenens 6-13
Data TLB Miss Exception (0X01200)........c.ccererererereneeeenienieseesee e 6-13
Instruction TLB Error Exception (0X01300) ......cccceceereerrerieeseerieseesiennens 6-14
DataTLB Error Exception (0X014000) ........ccccceeiereieeiieeiieesieeeieeseeeneeens 6-14
Debug Exceptions (0X01CO0—-0X01F00) .......ccerreruerrerierenieeeniesiesee e 6-15
Implementing the Precise Exception Model ..........cccooeoeveeivcceviere e 6-16
Recoverability after an EXCEPLION..........covveiieiiiesie e 6-17
EXCEPLION LALENCY ...ttt 6-18
Partially Completed INStrUCLIONS ..........ccceiierieeieceese e 620

Chapter 7

Instruction and Data Caches

Instruction Cache Organi Zation ............cccceeeereeierese e 7-2
Data Cache OrganiZation ..........c.ooeeieeieneeseese e e see e 7-5
Cache Control REJISIENS ......ocueiieeeeeeeerie e nne e 7-6
Instruction Cache Control REQISIENS.......cccueiveirerine e 7-6

MPC855T User’s Manual



Paragraph
Number

7311
7.3.1.2
73121
7.3.1.2.2
73123
73124
7.3.1.25
7.3.2
7321
7.3.2.2
73221
73222
7.3.2.2.3
73224
7.3.2.2.5
7.3.2.2.6
7.4

74.1
7.4.2

7.4.3
744
7.4.5
7.4.6
7.5
751
7.5.2
7.5.3
754
7.5.5
7.6
7.6.1
7.6.2
7.6.3
7.6.3.1
7.6.3.2
7.6.4
7.64.1
7.6.4.2
7.6.5
7.6.6

Contents

Page
Title Number
Reading Data and Tagsin the Instruction Cache..........c.ccoccevevinineninennens 7-8
[C_CST COMMANGS.......cceeeieieeieiiesie e eee st sre e reeee e enne e e sreens 7-9
Instruction Cache Enable/Disable Commands...........ccoooveveveenenienneene. 7-9
Instruction Cache Load & Lock Cache Block Command...................... 7-10
Instruction Cache Unlock Cache Block Command...........ccccceevvevennen. 7-11
Instruction Cache Unlock All Command............ccooveeeveeneninneeneeene 7-11
Instruction Cache Invalidate All Command..........ccceecvveereeinseeseennn 7-11
Data Cache Control REQISLENS........ccveiiiiiieiie et 7-11
Reading Data Cache Tags and Copyback BUFfer...........cccooeienenincniennnne 7-14
DC_CST COMMANGS.....cceeiuieiiereerieeieseesteeeesseesseseesseesseaeesseessesseessesssens 7-15
Data Cache Enable/Disable Commands...........ccccceevvevieiieeiiecciecsieen, 7-15
Data Cache Load & Lock Cache Block Command............cccccvvveveennnns 7-16
Data Cache Unlock Cache Block Command............ccccoeeevieieiiieneenns 7-16
Data Cache Unlock All Command ...........ccooerieieeneniinieeneeie e 7-17
Data Cache Invalidate All Command ...........ccocevveveeiienieeneese e 7-17
Data Cache Flush Cache Block Command............cccccecveievieieiieneenns 7-17
PowerPC Cache Control INSIrUCHIONS .......cocueieeieeeneeeee e 7-18
Instruction Cache Block Invalidate (i1Chi) ..o 7-18
Data Cache Block Touch (dcbt) and
Data Cache Block Touch for Store (dchbtst) .......ccovevevieiecieiiecece 7-18
Data Cache BIOCK Zero (ACDZ) .......ceeveeeieeieiiniereseseseeeee s 7-19
Data Cache BIOck Store (dChSt) .......coveveieiieiine s 7-19
Data Cache Block Flush (dCbf) .....ccveuviieiieeceecececeee e, 7-19
Data Cache Block Invalidate (dChi).......ccoerereneiininieeeeeeee e 7-20
INStruction Cache OPEratioNS...........cceieerieeeereeieeeeseesieeee e e eeesee e eeesseeses 7-20
INStruction Cach@ Hit..........ociiiiieiece e 7-22
INSLrUCtioN CaChE@ MISS......cocuiieeie ettt 7-22
Instruction Fetching on a Predicted Path ............cccoovvceiieeivce e 7-23
Fetching Instructions from Caching-Inhibited Regions...........cccccccevvvveiveennen. 7-23
Updating Code and Memory Region AtrbDULES ..........ccccveeeienenincneneee 7-23
Data CaChe Operation.........cccveeeiieie e ee et ns 7-24
DataCache Load Hil........ccoviiieiiecee et 7-25
Data Cache ReAI IMISS........coociiecieeceecee ettt 7-25
Wrte-Through MOGE..........cceeieee e 7-26
Data Cache Store Hit in Write-Through Mode...........cccccoeoveiiviieeiiecienn, 7-26
Data Cache Store Missin Write-Through Mode............ccoceviiininenennene. 7-26
WIHEE-BACK MOUE ......coveeiececece et 7-26
Data Cache Store Hit in Write-Back Mode..........ccoccvieiiniineiecieneee 7-26
Data Cache Store Missin Write-Back Mode...........cccocevveiviieenencieneennns 7-26
Data Accesses to Caching-Inhibited Memory Regions............cccccevveiieceeenee. 7-27
AtOMIC MEMOrY REFEIENCES.........o et 7-28

Contents Xi



Contents

Paragraph Page
Number Title Number
7.7 Cache Initialization after RESEL.........ccocceveeiece e 7-29
7.8 D= o100 ST o] o o SO 7-29
7.8.1 Instruction and Data Cache Operation in Debug Mode..........cccooevvrinnennnnne 7-29
7.8.2 Instruction and Data Cache Operation with a Software Monitor Debugger. 7-30
Chapter 8
Memory Management Unit
8.1 FFEALUIES.....ce ettt s b e e sn e e ar e e s re e s nneenneas 8-1
8.2 PowerPC Architecture COmMPlaNCe ..........cceoeriirireresereeee e 82
8.3 AdAreSS TranSI@HION .....ccveeueeieieeeie et ne e 8-3
831 Trandlation DIiSabled ..........ooo i 8-3
8.3.2 Trandation ENaLIEd ..........coov e 8-3
8.3.3 LI 2 @ = 11 oo PSS 85
84 UsiNg ACCESS ProteCtion GIrOUPS.........cccueeieeiieeitieeieesieesseesseeeseesseesseesseesseesneas 86
8.5 Protection ReSOIULION MOUES..........coveieiieieee e s 87
8.6 MEMONY AttHDULES ..o e 8-8
8.7 Tranglation Table SIIUCIUIE...........coi i 8-9
8.7.1 LeVEl-ONE DESCIILON ... .ccviiirierierieeieeeeee ettt 8-13
8.7.2 LeVEl-TWO DESCIIPLON ......cueeiveeiecee ettt nas 8-14
8.7.3 PAJE SIZE.....eeeeeee e 8-15
8.8 Programming MOE! ..o s 8-15
8.8.1 IMMU Control Register (MI_CTR) ....covviiieienesese e 8-16
8.8.2 DMMU Control Register (MD_CTR) .....covieiieieneeeeeesee e 8-17
8.8.3 IMMU/DMMU Effective Page Number Register (MX_EPN)........ccccceenunee. 8-18
884 IMMU Tablewalk Control Register (MI_TWC) ......cccocuririrriernnenene e 8-19
8.8.5 DMMU Tablewalk Control Register (MD_TWC)......cceoveieienenineneneeee 8-20
8.8.6 IMMU Real Page Number Register (MI_RPN) .......ccocvirniinininenesenee 8-21
8.8.7 DMMU Rea Page Number Register (MD_RPN) ......cceoveiienininercceeee 8-22
8.8.8 MMU Tablewalk Base Register (M_TWB) .....cccevieiieeciereee e 8-24
8.8.9 MMU Current Address Space ID Register (M_CASID) ....cccecvvevevveciesnenne. 8-24
8.8.10 MMU Access Protection Registers (MI_AP/MD_AP)......ccocvvvvvieiivccieenen, 8-25
8.8.11 MMU Tablewalk Special Register (M_TW)....occovieiierciereeee e 8-25
8.8.12 MMU DebUQ REJISEIS......coiueeieieecieeie ettt ae e eas 8-26
8.8.12.1 IMMU CAM Entry Read Register (MI_CAM) ......cceveeveieneneneneeeeene 8-26
8.8.12.2 IMMU RAM Entry Read Register O (MI_RAMO).....cccccvvvvrveierieiennns 827
8.8.12.3 IMMU RAM Entry Read Register 1 (MI_RAML).....ccccovivviinininenene 8-28
8.8.124 DMMU CAM Entry Read Register (MD_CAM).....cccvevervieierrnnciesieenn 8-29
8.8.12.5 DMMU RAM Entry Read Register 0 (MD_RAMO)......ccccccevvvevvrierrnnnns 8-30
8.8.13 DMMU RAM Entry Read Register 1 (MD_RAMI).....cccccvviviiinenenenienne 8-31
8.9 Memory Management Unit EXCEPLIONS.........cccovirirneinenie e 8-33
8.10 TLB ManiPUIBLION ......ceueeiieieieiesie et 8-33

MPC855T User’s Manual



Paragraph
Number

8.10.1
8.10.1.1
8.10.2
8.10.3
8.10.4

9.1

911
9.1.2
9.13
914
9.15
9.16
9.1.7
9.2

921
922
9.23

10.1
10.2
10.3
10.4
104.1
10.4.2
10.4.3
10.4.4
10.4.5
10.5
1051
10.5.2
10.5.3

Contents

Page
Title Number
QLI S 3= [0 o SO 8-33
Trandation Reload EXampIES........cccooveieieeieee e 8-34
LOCKING TLB ENEIES ..ot 8-35
Loading Locked TLB ENLIES ........cccveveeeeeierieseeseeste et eee e eae e 8-36
TLB INVaTAALION ... e 8-36
Chapter 9
Instruction Execution Timing
Instruction Execution Timing EXamples..........ccoooiiiineninineneeeeseese e 91
Data Cache Load with a Data Dependency ..........ccccevveverceeseesescie e 91
WritehaCk ArbDITration ........coceiieieeieee e 9-2
Private WritebaCk BUS LOAM ..........cccveeueieerieeie e 9-3
Fastest External Load (Data Cache MisSS)........ccceevveievieenieeie e 9-3
A Full Completion QUEUE..........cceeiuirierieeie et 94
Branch Instruction Handling..........cceeeeeiiienine e 9-5
Branch PrediClion ...t 9-5
INSLrUCtion TIMING LIS ...oeeeiieeceeee e 9-6
Load/Store INStruction TiMiNg.........ccoeererenenesesiesesesee e e 9-8
String INSrUCLION LELENCY ...cuvveuveeeeeiecee et ae et 98
ACCESSING Off-COre SPRS.......coiiiiiiiereeeeee et 9-8
Part Il
Configuration and Reset
Chapter 10
System Interface Unit
FFEBLUIES......cee ettt s be e s be e nnee s 101
System Configuration and ProteCtion ............cccecveveeieeveeie e 10-2
MUIIPIEXING STU PINS ... 10-3
Programming the STU .........oooiiieiece et 104
Internal Memory Map Register (IMMR) .......oooviiiiiiiiieece e 104
SIU Module Configuration Register (SIUMCR) ........ccoceririenieieninenenenins 10-5
System Protection Control Register (SYPCR) ......cccoceverieveeneeee e 10-7
Transfer Error Status Register (TESR) .....oocvvevieiiiice e 10-8
Register LOCK MEChANISM .......couiiiiiiiiieieeie st 10-9
System ConfigUIaiON........cccueieereeee et es 10-11
[NEEITUPL SEIUCTUIE. ...t 10-11
Priority Of INTEITUPt SOUICES.......cc.eiieieieeere e 10-13
SIU INterrupt ProCESSING......ccuviveiieeieiiesieesieseesteestesee s eae e sreessesseesneeneas 10-13

Contents xiii



Paragraph
Number

10.53.1
1054
10.54.1
10.5.4.2
10.5.4.3
10.5.4.4
10.6
10.7
10.7.1
10.8
10.8.1
10.9
10.9.1
10.9.2

10.9.3
10.10
10.10.1
10.10.2
10.10.3
10.10.4
10.11
10.11.1
10.11.2
10.11.3
10.12
10.12.1
10.12.2

111
1111
11.1.2
11.1.3
11131
11.1.3.2
11.1.33
1114
1115
11.1.6

Contents

Page
Title Number
Nonmaskable Interrupts—IRQO and SWT ........cooeriiieiinereresesenens 10-14
Programming the SIU Interrupt Controller...........ccoooveveeceiieieececeecee 10-15
SIU Interrupt Pending Register (SIPEND) .......cooveoiiienininneeieeeeseeane 10-15
SIU Interrupt Mask Register (SIMASK) ..o 10-16
SIU Interrupt Edge/Level Register (SIEL) ...cvveovveeecicecececie e, 10-17
SIU Interrupt Vector Register (SIVEC) ......oovviiinirecieeseiese e 10-18
THEBUSIMONITON .......eictiecie ettt ettt e e b e e eree e 10-19
Software WatChdog TIMEN........ccveiieceee et 10-20
Software Service RegiSter (SWSR) .....c.coveieierererereeeee e 10-21
THE DECIEMENTE ......c.eeceeeece ettt esr e e e e sreeeeenee e 10-22
Decrementer RegIStEr (DEC) ......voiiieieecieeee et et 10-22
THE TIMEDASE. ....c.eie ettt e e e e e re e eree e 10-23
Timebase Register (TBU and TBL) .....cccucoviierecieseee e 10-23

Timebase Reference Registers (TBREFA and
QL= = ) 10-24
Timebase Status and Control Register (TBSCR).......ccceeevveveveenececeene 10-25
The Real-TimeE ClOCK........ccciieiiecie et 10-26
Real-Time Clock Status and Control Register  (RTCSC).....ccccvvveveveneee 10-27
Real-Time Clock RegiSter (RTC) ..c.vvevevieieceeseeeeee et 10-28
Real-Time Clock Alarm Register (RTCAL) ...covveiiiieieeieceeeee e 10-28
Real-Time Clock Alarm Seconds Register (RTSEC) .....cccoevevvevvveenienenne 10-29
Periodic Interrupt Timer (PIT) ....oceoceee e 10-30
Periodic Interrupt Status and Control Register  (PISCR) .....ccovveevieneee 10-31
PIT Count REZISIEN (PITC) c.uvvieeeieee ettt 10-32
PIT REQISIEN (PITR) ..cueiiiiieiieeiesieeiieee ettt 10-32
General SIU Timers OPEration ........ccceveeiuereeneeieeseeseesieseeseesseesseessesseesseenes 10-33
Freeze OPEratiON.........cccueiiereeeeseeseeee e e e e se e e sseeeesreesseesaesneeneeenee e 10-33
Low-Power Stop OPEration ...........cceeeeiieeieieeseeiie et 10-33

Chapter 11
Reset

TYPES Of RESEL ..ottt et r e nneas 111
POWEr-ON RESEL ... e e 11-2
EXternal Hard RESEL........ccceieee et 11-2
Internal Hard RESEL ........cooiiie et 11-3
PLL LOSS Of LOCK ....veeiiieiiieciecsiee ettt st ene e 11-3
Software Watchdog RESEL ...........ocveviiieceeeee e 11-3
CheCKSIOP RESEL......ceei ettt 114
Debug Port Hard or SOft RESEL ........cccveieierierieereseee s 114
JTAG RESEL ...ttt bbb nne s 114
Power-On and Hard ReSet SEQUENCE.........cceeiererieeeeree e 114

MPC855T User’s Manual



Paragraph
Number

11.1.7
11.1.8
11.1.9
11.2
11.3
11.31
11311
11.3.2
114

121
12.2
12.3
124
1241
12411
12.4.2
1243
1244
125

13.1
13.2
13.3
134
134.1
13.4.2
134.2.1
13.4.2.2
13.4.3
134.4
13.45

Contents

Page
Title Number
EXternal SOft RESEL ......cc.oceeiiee e 11-5
INterNal SOft RESEL ......ccveeeeeieiee et 11-5
SOft RESEL SEQUENCE. ...t 11-5
Reset Status RegISIEr (RSR) ...cvveiveeieieesieee et 11-5
MPCB855T Reset CoNfigUIation..........ccoueeueeieeiiieiee e siee et 117
[ Eo Tl S S 11-7
Hard Reset Configuration WOrd...........ccccovieiencieniene e 11-10
SOt RESEL ...ttt b sr e 11-12
TRST and Power Mode ConSIderations...........coveveeeeneeneneeseeneeseeseeeseesseens 11-12
Part IV
The Hardware Interface
Chapter 12
External Signals
SYSLEM BUS SIGNAIS.....cueiiiieiecie ettt sne e 12-5
Active PUL-UP BUFFEIS ..ottt 12-22
Internal Pull-Up and Pull-Down RESISLONS.........cccoiiiirenieneeeeeesee e 12-23
Recommended BasiC Pin CONNECLIONS..........ccoovririenenenesinee e 12-23
Reset CoNfiQUIELION .......coiueeiiiiisieee e 12-24
Bus Control Signals and INtErmUPLS...........coerereririeieieesesese e 12-24
JTAG and DebUQ POIS.........cccieieiieiieie et 12-24
UNUSE TNPULS ...ttt st 12-25
UNUSEA OULPULS........eeueiiiiesiesie sttt st ss e snesne e 12-25
Signal States during RESEL .......ccuecviiieiece e 12-25
Chapter 13
External Bus Interface
FFEBLUIES......eeeee e sbe e e ne e sne s 131
BUS TranSfer OVEIVIEW .......ccovivieriiiirieeieie ettt st 13-1
Bus Interface Signal DesCriptions.........cccccveiieiiiienie e 13-2
BUS OPEIELIONS.......eeeeeeeieeieeeeeste sttt sn e 13-6
BasiC Transfer ProtOCOI ...........coviiiririieesesese s 137
Single-Beat TranSfer ......ccvvciiecieccee e 137
Single-Beat REad FIOW ..........cooiiiiiiiiceeeer e 13-7
SiNgle-Beat WL FIOW ...c..ooueeeieececeee e 13-10
BUISE TIaNSFEI'S. ..ottt 13-14
BUISE OPEIaiONS......coeeiiieriesierieeiee et sne e 13-15
Alignment and Data Packing on Transfers........coovvveeveeceseese e 13-24

Contents XV



Paragraph
Number

13.4.6
134.6.1
13.4.6.2
13.4.6.3
13.4.6.4
13.4.7
134.7.1
13.4.7.2
13.4.7.3
13.4.7.3.1
13.4.7.3.2
13.4.7.3.3
13.4.7.3.4
13.4.7.3.5
13.4.8
134.8.1
13.4.8.2
13.4.8.3
13.4.84
13.4.9
13.49.1
13.4.9.2
13.4.10
13.4.10.1

141
14.2
1421
14211
142.1.2
14.2.2
14221
14.2.2.2
14.2.2.3

14.2.2.4
14.3
1431

Contents

Page
Title Number
ATDItration PhaSe ........ccooii i 13-27
BUS REQUESE (BR) ...ttt 13-28
BUS Grant (BG) ......coiuerrierieriierie ettt sttt 13-28
BUSBUSY (BB) ..ottt 13-28
External BUS Parking ..........cceceeieieeiecie e sie st 13-31
Address Transfer Phase-Related SIgnalsS.........coooevvienenieicicseseeneeee 13-31
Transfer SEAt (TS) .ovverererereeieee e 13-31
AAArESS BUS......oiiiiiiieiesie sttt snenneas 13-32
Transfer AMITDULES ........ooeeeee e 13-32
Read/Write (RD/WRY) ..ottt 13-32
Burst Indicator (BURST)......cooiiiiiiciie et 13-32
TranSfer SIZE (TSIZ) ..o 13-32
AdAreSS TYPES (AT) weecueeeeeeieeeesteeie e steesteseesreesae e e steenaesreesseeneesneenes 13-33
Burst Datain Progress (BDIP) .......oooeeiiieiieiiecee e 13-35
TErmMINaLioN SIGNAIS....c..ooiiiiieeee e 13-35
Transfer ACKNOWIEAQE (TA) ..veieeeeeee et 13-35
BUISt INNIDIT (BI) oo 13-35
Transfer Error Acknowledge (TEA) ... 13-35
Termination SignalS ProtoCol..........ccceiveieeee i 13-35
MEMOIY RESEIVALION. ......oiuiiierieerieeie ettt 13-37
Cancel Reservation (CR) ......ooeveriiirieiesese s 13-37
Kill Reservation (KR) ........ocveiuieieiiesie et 13-38
Bus Exception Control CyCles.........ooeiiiieiieneeeseeee e 13-39
S I 2SSOSR 13-40
Chapter 14
Clocks and Power Control

FEALUIES......ce e nne e 141
The ClOCK MOQUIE ..o 14-2
Externa Reference ClOCKS.........cooviieiiiecieseceseee e 14-3
Off-Chip Oscillator Input (EXTCLK) ..ocveiieece e 144
Crystal Oscillator Support (EXTAL and XTAL) ..ccoeveveveeiiieciee e, 144
Y 1= 8 I SRS 14-5
SPLL Reset CoNfigUIation ..........cccceivevieieeseeiieeee e esee e 14-6
SPLL Output Characteristics and Stability..........cccoeeeveiieeviieeviecie e, 147

System Phase-Locked Loop Pins (VDDSYN, VSSSYN,
VSSSY NI XFC) ..ttt sttt s 14-8
Disabling the SPLL ........ooeieiieee e 14-9
ClIOCK SIQNAIS ...t 14-9
Clocks Derived from the SPLL OULPUL .........ccceoeveeieeieceeceeee e 14-9

MPC855T User’s Manual



Contents

Paragraph Page
Number Title Number
14.3.1.1 The Internal General System Clocks (GCLK1C, GCLK2C,

GCLKL, GCLK2) ..ttt s 14-10
14.3.1.2 Memory Controller and External Bus Clocks (GCLK1 50, GCLK2_50,

CLKOUT) ettt sttt s 14-11
14.3.1.3 CLKOUT Special Considerations: 1:2:1 Mode.........ccccoovveveeiieiiieesiennn 1414
14314 The Baud Rate Generator Clock (BRGCLK) .......ccocveieiieninineienereeee 14-14
14.3.1.5 The Synchronization Clock (SYNCCLK, SYNCCLKS) ......cccccvevuvrreenee. 14-14
14.3.2 The PIT and RTC Clock (PITRTCLK) ..ccvviiieiiseseseeee e 14-15
14.3.3 The Time Base and Decrementer Clock (TMBCLK) ......ccoiiiiienincniennene 14-16
144 POWEr DISLIIBULION ... 14-16
14.4.1 1/O Buffer POWEr (VDDH) ......ooiiiiieieeeee e 14-17
14.4.2 Internal LogiC POWEr (WVDDL) ....ccoiiiiiiiieieeseese e 14-18
14.4.3 Clock Synthesizer Power (VDDSYN, VSSSYN, VSSYNL).....ccoovvunne 14-18
14.4.4 Keep-Alive POWEr (KAPWR) .....ccviieieerese et 14-18
14.5 Power Control (LOW-POWer MOdES) ........cccuereriiririenieninieeee e 14-18
145.1 Normal High MOGE..........ccooeceeeee e 14-22
14.5.2 NOIMEl LOW MO ..ot 14-22
145.3 DOZE HIgN MOGE.......c.eiiiiiiee e 14-22
1454 DOZELOW MOGE ...ttt s nre s 14-23
1455 SIEED MOUE ...ttt sre e 14-24
14.5.6 Deep-SIEEP MOUE ... 14-24
14.5.7 POWEr-DOWN MOGE......c.eoiieiicieiieeieeiee ettt sreeneas 14-25
145.7.1 Software Initiation of Power-Down Mode, with Automatic Wake-up...14-26
145.7.2 Maintaining the Real-Time Clock (RTC) During Shutdown or

POWESN FaIUNE.....coeviie i 14-27
14.5.7.3 Register Lock Mechanism: Protecting SIU Registersin

POWEr-DOWN MOGE.........oiiiiisiinieeeee e 14-28
1458 TMIST: Facilitating Nesting of SIU Timer Interrupts...........cccevveevvverveenen. 14-28
14.6 Clock and Power Control REQISIENS........cooieieiieieriesiereeeeee s 14-29
14.6.1 System Clock and Reset Control Register (SCCR) .......ccccvveveveerecieesreene. 14-29
14.6.2 PLL, Low-Power, and Reset Control Register (PLPRCR) .........ccccccveeuneee. 14-31

Chapter 15
Memory Controller

151 FFEALUIES.....ce ettt et b e b e b e e e e ae e 151
15.2 B F S Lol N o 1] (= (1 S 154
15.3 Chip-Select Programming Common to the GPCM and UPM ......................... 156
15.3.1 Address Space Programiming..........ccooeeceereereeeeseeseseeseesee s ssesseessessseseens 157
15.3.2 Register Programming Order ..........ccooeeiireneneneseeeeeeee e 15-7
15.3.3 Memory Bank Write ProteCtion............ccceceeveeeeseese e 15-7
15.34 Address TYPE ProteCLION ........coueiiiieerieeie ettt 157

Contents XVii



Paragraph
Number

1535
15.3.6
15.3.7
1538
15.3.9
154
154.1
15.4.2
154.3
154.4
15.4.5
15.4.6
154.7
15.4.8
155
1551
15511
155.1.2
155.1.3
15514
15515
155.1.6
155.2
1553
1554
15.6
156.1
156.1.1
15.6.1.2
15.6.1.3
15.6.1.4
15.6.2
15.6.3
15.6.4
156.4.1
15.6.4.2
15.6.4.3
15.6.4.4
15.6.4.5
15.6.4.6
15.6.4.7

Contents

Page

Title Number

8-, 16-, and 32-Bit Port Size Configuration ............ccceceevvreeereeseeseeseeneeeeens 15-7
Parity CONfiQUIaLioN............ccveiieiiecieee ettt 158
Memory Bank ProteCtion SEaLUS...........ccoceieeierieneeseeee e 15-8
UPM-SPECITIC REJISIENS.....cviiiiieicieeieeeeee s 158
GPCM-SpeCifiC REQISLEIS......cueeiiieieeee ettt 158
REGISLEr DESCIIPLIONS......ccueeieieitesie ettt 159
Base REQISIEIS (BRX) ...cueiuiiirieiiesieeiieieee ettt 159
Option REGISLErS (ORX) ...cccveeiiieieiiecie ettt 15-10
Memory Status RegiSter (MSTAT) ..ot 15-13
Machine A Mode Register/Machine B Mode Registers (MXMR)............ 15-13
Memory Command Register (MCR) .......coocieiiiciiececee e 1515
Memory Data Register (MDR) .......ccooiiiiiiereriereeeeeeee e 15-17
Memory Address Register (MAR)........ooveieieereee e 15-17
Memory Periodic Timer Prescaler Register (MPTPR) .....cccvevivvcieciiec 15-18
General-Purpose Chip-Select Machine (GPCM)........cccoviviienencncneeeee 15-18
TimIiNG ConfigUIatioN..........cceceeiieiee e 15-19
Chip-Select ASSertion TIMING........ccveieeiireeiie e 15-20
Chip-Select and Write Enable Deassertion Timing ........cccoceeeverenenenne 15-21
RelaXed TIMING.......ccveieiieiiece et 15-23
Output Enable (OE) TiMING.......coovriirierieieneesiee e 15-26
Programmable Wait State Configuration ............cccceeerenenenenenienenenens 15-26
Extended Hold Time on Read ACCESSES .......ccvveeererieieriese e 15-26
Boot Chip-Select Operation............ccoeeeieeieneereeie e 15-30
External Asynchronous Master SUPPOIT ........ccoverereriereeieeriesiese e 15-31
Special Case: Bursting with External Transfer Acknowledge: ................. 15-32
User-Programmable Machines (UPMS)........cooviienerienieneee e 15-33
REQUESES ... 15-34
Internal/External Memory ACCess REQUESES..........ccvceevieevieeeeseeeie e 15-35
UPM Periodic Timer REQUESES .........ooiiirierierierieeie e 15-35
Software Requests—MCR run Command...........cccceveeerveveneeriesieeseennens 15-35
EXCEPLION REQUESES........ociieieie ettt 15-36
Programming the UPM .........ccoiiiiieee e 15-36
Control Signal Generation TiMiNG.......c.cccveiierieriereieeseere e esee e e 15-36
TRERAM ATTAY ..ottt ettt ettt st eareenneas 15-39
RAM WOIUS......cuiiiieiieie ettt e e te e sneeee s e nreeeennee e 15-39
Chip-Select SIgNalS (CSTX)...eciviieeiieie ettt ee et 1543
Byte-Select SIgnalS (BSTX) ....ccveeiiieieece e 1544
General-Purpose SIgnals (GXTX, GOX) .....coververrerirereneeeeneeseesie e 15-45
LoOp CONtrol (LOOP).......coieeeceeseete ettt 1546
Exception Pattern Entry (EXEN)......cooooiiiiiineseeeeee e 1547
Address MultipleXing (AMX) ...ooeeeeeieesere e 1547

MPC855T User’s Manual



Paragraph
Number

15.6.4.8
15.6.4.9
15.6.4.10
15.6.4.11
156.4.111
15.6.4.11.2
15.7
15.7.1
15.7.2
158
1581
158.2
15.8.3
1584
1584.1
15.8.4.2
15.8.4.3
1585
15851
15.8.5.2
159
1591
159.2

16.1

16.2

16.2.1
16.2.2
16.2.3
16.2.4
16.3

16.3.1
16.3.2
16.3.3
16.3.4
16.3.5
16.3.6
16.4

16.4.1

Contents

Page
Title Number
Transfer Acknowledge and Data Sample Control (UTA, DLT3)............. 15-52
Disable Timer Mechanism (TODT).....ccccoveeieeieieesecee e 15-53
The Last WOId (LAST) et 15-53
TheWait Mechanism (WAEN) ..o 15-53
Internal and External Synchronous Masters..........ccocvveevevcceeieeiineens 1554
External ASynchronouS MaSLEN'S..........cceiereriereneneeieeeee e 15-54
Handling Devices with Slow or Variable Access TiMES......cccevveveeieieennnne 15-55
Hierarchical Bus Interface Example........cccooevieiie e 15-56
Slow DevicesS EXAMPIE ........oviiiieeeeeee e 15-56
External Master SUPPOIT ......c..ecueieeiece ettt 15-56
Synchronous EXternal MasterS........ccceceeieeiieciee et 15-57
Asynchronous EXternal Masters..........ccceeierereneneneeeeeeee e 15-57
Special Case: Address Type Signalsfor External Masters.........cceueeee. 15-57
UPM Features Supporting External Masters..........coccoveevenieneninseeniesene 1557
Address Incrementing for External Synchronous Bursting Masters.....15-58
Handshake Mechanism for Asynchronous External Masters.................. 15-58
Specia Signal for External Address Multiplexer Control ....................... 15-58
External Master EXamPIES.......ccooiririiiiirieresiesie et 15-58
External Masters and the GPCM ..........cccooviiiieniininesee e 15-58
External Mastersand the UPM ... 15-60
Memory System Interface EXamMPIES.........cooveeveeereeresieneese e esee e 15-65
Page-Mode DRAM Interface EXample.........cocvverininiiniieneie e 15-65
Page Mode Extended Data-Out Interface Example..........cccoevenineninennens 15-77
Chapter 16

PCMCIA Interface
SYSEEM CONFIQUIBLION........oveeiieriieeceieeie et 16-1
PCMCIA Module Signal DefinitioNnS.........cccoceeieeieiierece e 16-1
PCMCIA Cycle Control SIgnals........cccoeeieeneniinienieeeesee e 163
PCMCIA INPUL POIt SIgNalS....c.eoueiieiieeeiesese s 164
PCMCIA Output Port SignalS (OP[0—4]) ....ceveeeeieeieee e 16-5
Other PCMCIA SIgNalS......coeiiiiiieie et 16-5
Operation DESCITPLION........couereerterieetirieeeeee et b e 166
MemMOrY-ONlY CardS.........cceieeieiieiieie et es 166
[/O CAIUS... .ottt ettt et e s e sbeeeesreenae e 166
INEEITUPLS ... 167
POWEE CONLION ...ttt s 167
Reset and Three-State Control ..........cooveeeeeieeeseeeeeee e 167
DIMI A ettt e e b ens 167
Programming MOE] ..........coe oo 16-8
PCMCIA Interface Input Pins Register (PIPR) ......c.ccooviiiiiiniieceeee 16-9

Contents XiX



Paragraph
Number

16.4.2
16.4.3
16.4.4
16.4.5
16.4.6
16.5

171
17.2
17.21
17.2.2
17221
17.2.2.2
17.2.2.3
17224
17.2.25
17.2.2.6
17.2.3
17231
17.2.4
17.24.1
17.24.2
17.24.3
17.2.4.4
17.2.5

18.1
18.2
18.3
18.4
18.5
18.5.1

Contents

Page
Title Number
PCMCIA Interface Status Changed Register (PSCR) .......cccocevevvrenenennens 16-10
PCMCIA Interface Enable Register (PER).........cccccvevieceieeneee e 16-11
PCMCIA Interface General Control Register (PGCRX).......cccceevvreeniennenne 16-13
PCMCIA Base Registers 0—7 (PBRO-PBRY)......cccveveeeieieresese e 16-14
PCMCIA Option Register 0—7 (PORO—PORYT) ......ccccerererierienienieniesiesiennens 16-14
PCMCIA Controller Timing EXampIes ... 16-17
Part V
Communications Processor Module
Chapter 17

Communications Processor Module and CPM Timers
FFEALUIES......ce ettt nne e 172
CPM General-PurpoSe TIMELS........oiiieiieeciee e esee st see et see s sreesseesneens 174
FFEBLUIES. ...t 17-5
CPM Timer OPEratioN ........cccueeeeiieeieieesieeeesseesseseesseessesseesseessssseessesssesseesses 17-6
TIMEr ClOCK SOUICE......oouiiiiiieeee e e 17-6
Timer REFErENCE COUNL........ccveiieieeecieeie et 17-6
B L= 0= o 1= R 17-6
L1 7= (] (o S PR 177
(@F= S o= [0 11V oo /=S 177
Timer 1 and SPKROUT ......ociiiiiiieieriese et 17-8
CPM Timer REQISLEN SBL.....cccuiiiiiierieree et 17-8
Timer Global Configuration Register (TGCR) .......cccovveverenenenenenenins 17-8
Timer Mode Registers (TMRI-TMRA).......ccoooieieeieceesece e 17-9
Timer Reference Registers (TRR1I-TRR4) ......ccccoeiiienenieeereeeeee 17-10
Timer Capture RegiSters (TCR1I-TCRA4) .....ccooererieeeiereesee e 17-10
Timer Counter Registers (TCNI-TCNA4) ....ccccoevveieiieceee e 17-11
Timer Event Registers (TER1-TERA4) ... 17-11
Timer Initialization EXamMPlES........ccooveieeciciee e 17-13

Chapter 18
Communications Processor

FFEALUIES.....ce ettt s r e e ne e n e ne e s r e e nne e 181
Communicating With the Core..........cooeiiriinee e 18-2
Communicating with the Peripherals..........ccooeveiiiiininneeeeeese 18-2
CP Microcode Revision NUMDEY ..o 18-3
CP Register Set and CP COMMANGS .......ccveirieerieeieneesieesie e 184
RISC Controller Configuration Register (RCCR) .......cccovevevieneninenenenene 184

MPC855T User’s Manual



Paragraph
Number

18.5.2
185.3
18.5.4
1854.1
18.5.4.2
18.6
18.6.1
18.6.2
18.6.3
18.7
18.7.1
18.7.2
18.7.3
18.7.3.1
18.7.3.2
18.7.4
18.7.5
18.7.6
18.7.7
18.7.8

19.1
1911
19.1.2
19.2
19.21
19.2.2
19.2.3
19.2.4
19.3
1931
19.3.2
19.3.3
19331
19.3.3.2
19.3.3.3
1934
1934.1
19.34.2

Contents

Page
Title Number
RISC Microcode Development Support Control  Register (RMDYS)........... 18-5
CP Command Register (CPCR)........ccoveiiiieseccie et 18-6
(@O0 010 7= 0 SR 18-7
CP Command EXaMPIES........ccceiierieiesierieeie e seeseesie e sse e 18-8
CP Command EXECULiON LaENCY ........ceevveeiieeiieecieesieeeieesee e 18-8
D0z o A N 1Y S 18-8
System RAM and Microcode Packages...........ceveevveieseerieeieeseenie e 18-10
The Buffer DesCriptor (BD).......vccieiieiiieiie ettt 18-11
Parameter RAM ...ttt neeneas 18-11
The RISC Timer TabIe.......cooiiee e 18-12
RISC Timer Table Scan Algorithm .........cccoeeeciicieceee e 18-13
The set timer CoOMMEANG..........ccoieiiiiiee e 18-13
RISC Timer Table Parameter RAM and Timer Table Entries................... 18-13
RISC Timer Command Register (TM_CMD) .......cccoviiieiiininneeieee 18-15
RISC Timer Tabl@ ENIIES......ccveeeeeeeee e 18-15
RISC Timer Event Register (RTER)/Mask Register (RTMR).................. 18-15
PWM MOGE......ceeiiieieieeee ettt 18-16
RISC Timer INItialiZatION. ......cccceieeeeece e 18-17
RISC Timer Interrupt Handling ..........ccooveveieeiiececeeceeee e 18-18
Using the RISC Timersto Track CP LOadiNg.........ccccecveverierienenenienenieenes 18-18
Chapter 19

SDMA Channels and IDMA Emulation
SDMA ChannelS.......oooeiiieeceeese et nne e 19-1
SDMA TraNSFEIS....ciueiiiiieieiie sttt sa b e nne e 19-2
U-BusArbitration and the SDMA Channels..........coooiiiinininneeneceneee, 19-2
SDMA REGISIES ...ttt 19-3
SDMA Configuration Register (SDCR) .......cccevvveeiieiecie e 19-3
SDMA Status Register (SDSR) ..ccveeeirieerierieriee et 194
SDMA Mask Register (SDMR).......ccvceiieieiesesie et eneas 19-5
SDMA Address Register (SDAR)......ccueiierirenesie s 19-5
IDMA EMUIBLION ...ttt sne e 19-5
IDMA FEBLUMES .......coeeeeeeeeeceeeeie ettt te st sresnenneeneenis 19-6
IDMA Parameter RAM .....o.oooiiieiicesieee et 19-6
IDMA REGISENS. ...ttt 19-7
DMA Channel Mode Registers (DCMR) ......ooveeviveieiieesee e 19-7
IDMA Status Registers (IDSR1 and IDSR2) .......cocvveeieeieenieneneneseseenes 19-8
IDMA Mask Registers IDMR1 and IDMR2)........cccoveveeveneieieceeeeiene 19-9
IDMA Buffer DesCriptors (BD).......ccoveeereerieeesieesie e sieese e sieeee e s 19-9
Function Code Registers—SFCR and DFCR..........cccccoveveiiiecie e, 19-12
Auto-Buffering and Buffer-Chaining...........ccooveveniiniencnenseneeeens 19-12

Contents XXi



Paragraph
Number

19.35
19.3.6
19.3.6.1
19.3.6.2
19.3.7
19.3.7.1
19.3.7.2
19.3.7.2.1
19.3.7.2.2
19.3.8
19.38.1
19.3.8.2
19.3.9
19.39.1
19.3.9.2
19.3.9.3
19.3.94
19.3.10
19.3.11

20.1
20.2
20.2.1
20.2.2
20.2.3
20.231
20.2.3.2
20.2.3.3
20.2.3.4
20.2.35
20.2.4
20.24.1
20.24.2
20.2.4.3
20.24.4
20.2.4.5
20.2.4.6
20.3
204

Contents

Page
Title Number
IDMA CP COMMANGS.......coieeieieirieesieeieseesieeseeseesseeessseesseesesseesseensesseees 19-13
IDMA Channel OpeEration ..........ccccceevieiieieeseeie st 19-13
Activating an IDMA Channel ... 19-13
Suspending an IDMA Channel ... 19-14
IDMA Interface Signals—DREQ and SDACK .......cccccoeveeieeveeceececcie e 19-14
IDMA Requests for Memory/Memory Transfers..........ccoevviinenienennns 19-14
IDMA Requests for Peripheral/Memory Transfers..........coovvvvenenennns 19-15
Level-Sensitive REQUESES...........ccvcieieereeie et 19-15
Edge-Sensitive REQUESES.........cceiirieieieiesesee s 19-15
IDMA Transfers—Dual-Address and Single-Address........ccccveevvverieenene. 19-15
Dual-Address (Dual-Cycle) Transfer........cooeveeiievieeiee e 19-16
Single-Address (Single-Cycle) Transfer (FIy-BY) ......ccccoveviieninenennne 19-16
Single-Buffer Mode on IDMA1—A Specia Case.......cocevvevevieeneecensneenne 19-19
IDMA1 Channel Mode Register (DCMR) (Single-Buffer Mode) .......... 19-20
IDMAL1 Status Register (IDSR1) (Single-Buffer Mode) ............ccocveueeens 19-21
IDMA1 Mask Register IDMRL1) (Single-Buffer Mode)...........cccucn.e... 19-21
Burst Timing (Single-Buffer Mode) ..........coovevieiiiecieccee e, 19-21
External Recognition of an IDMA Transfer .......coceeeveieieneneneseneseens 19-22
Interrupts During an IDMA BUS Transfer........coovceveevecee e 19-23
Chapter 20

Serial Interface
SEFEAIUINES ...ttt st s re e s n e e ne e s n e e s neeenneens 202
The TIme-SIot ASSIGNEr (TSA) ..o 20-3
LIRS T AN o 7= USSR 20-6
Enabling ConnectionsSto the TSA ..o 206
SERAM ettt a et e tenrenrenres 20-6
Disabling and Reenabling the TSA .....ccooii e 207
TDMa Channel with Static Frames ... 207
Sl RAM DynamiC ChangeS.........coerererierieriesiesieste st see s snens 207
TDMa Channel with DynamiC Frames..........ccccoevevvsieeneeieseenieece e 20-10
Programming the SI RAM ..o 20-10
THe SI REQISLENS. ... 20-12
Sl Global Mode Register (SIGMR) ......ocovireiinineneee s 20-12
Sl Mode Register (SIMODE) .....cc.cooiiieiinieneeriee e 20-13
Sl Clock Route RegISter (SICR) .....cceeieieieiisie e 20-18
Sl Command Register (SICMR).......cooveeiieece e 20-19
Sl Status REQISLEr (SISTR) ....ccvviveiieieieere e 20-20
Sl RAM Pointer RegiSter (SIRP).......coceiiirireriseeeeiee e 20-21
NMSI ConfigUIELioN ........cc.eeiiieiecieeece et 20-22
Baud Rate Generators (BRGS) ........ccerieirieiieiesesie st 20-24

MPC855T User’s Manual



Paragraph
Number

204.1

20.4.2
20.4.3

211
21.2
21.2.1
21.2.2
21.2.3
21.2.4
21.3
214
2141
21.4.2
21.4.3
21.4.4
21441
21442
21.4.5
21451
21.4.6
21.4.7
21471
21.4.7.2
21.4.7.3
21474
21475
21.4.8

22.1
222
22.3
224
22.5
22.6

Contents

Title

Baud Rate Generator Configuration Registers

(BRGECN) ..ttt
Autobaud Operation on the SCC UART .......covvieiiiieneneneee e
UART Baud Rate EXamPIES ........cccoveeeiieeeieseee e

Chapter 21
Serial Communications Controller

SCC REGISIENS ...ttt sr e re e
General SCC Mode Register (GSMR).......ccoveveeveeieeeceeseese e
Protocol-Specific Mode Register (PSMR)........cccoovviciieiieniiienne
Data Synchronization Register (DSR) .......ccoovvererieenenenene s
Transmit-on-Demand Register (TODR) .......ccccceeveieeieccieceesiece

SCC Buffer Descriptors (BDS) ......cccoveieeiinienieeriesee e
SCC Parameter RAM ...ttt
Function Code Registers (RFCR and TFCR) .......c.cccovveveieesieennene
Handling SCC INLEITUPES ......eouerieeeeeeeesese e

S O O [ 4111 F= 2 1 o o
Controlling SCC Timing with RTS, CTS,and CD...........cccccvveueee.
Synchronous ProtOCOIS .........cooveiiiiiereseee e
ASyNChronNOUS ProtOCOIS........ccuvieeieeieceereese e siee e
Digital Phase-Locked Loop (DPLL) Operation.........c.cccoeevvvevveennen.
Encoding DataWith @aDPLL..........cccooiiiiinieeceeeee e
Clock GlitCh DELECHION ......coueeeeieiesieseesereree e
Reconfiguring the SCC ...

Genera Reconfiguration Sequence for the SCC Transmitter

Reset Sequence for the SCC Transmitter.........cccoeeevvevevieeseennne
General Reconfiguration Sequence for the SCC Receiver ..........
Reset Sequence for the SCC ReCaiVer .........coocvvieiienenine s
Switching ProtoCOIS.........ccuvivevice e
SAVING POWET ...t e

Chapter 22
SCC UART Mode

Normal ASynchronouS MOdE..........ccveveveeieeie e
SYNCAIONOUS MOTE ......cociieiie ettt
SCC UART Parameter RAM ......cooieieiee e
Data-Handling Methods: Character- or Message-Based .....................
Error and Status REPOITING........occveevieiiieeiie et

Contents



Paragraph
Number

22.7

22.8

22.9

22.10
22.11
22.12
22.13
22.14
22.15
22.16
22.17
22.18
22.19
22.20
22.21
22.22

231
232
23.3
234
235
23.6
23.7
23.8
23.9
23.10
2311
23.12
23.13
23.13.1
23.13.2
23.14
23.141
23.14.2
23.14.3
23.14.4
23.145
23.14.6

Contents

Page
Title Number
SCC UART COMMEANGS ......ccuveieeieieiieeesieeee e eeteee s s esstee e s ssveresssssreessssssseesssssseness 22-6
Multidrop Systems and Address Recognition.............ccceeeeeeeveeieeseeseeseeseenne 22—7
Receiving Control CharaCtersS.........ocveiiveiieeiee ettt 22—7
HUNE MOOE (RECEIVEY) ...ttt ns 22-9
Inserting Control Characters into the Transmit Data Stream............ccccccevveneee. 22-9
Sending aBreak (TranSmMItter) ..o e 22-10
Sending a Preamble (TranSmitter) .......cccevveeeieeie e 22-10
Fractional Stop Bits (TranSmitter) .......ccccceeeeceiieeiecce e 22-11
Handling Errorsin the SCC UART CoNtroller .........cccveveeieniennenieneeseeens 22-12
UART Mode Register (PSMR) ......cooiiiiiieiccsee e eee e 22-13
SCC UART Receive Buffer Descriptor (RXBD)......ccveveeicieeviecieesie e 22-16
SCC UART Transmit Buffer Descriptor (TXBD) ......cccvevveeeveeienieneee e 22-19
SCC UART Event Register (SCCE) and Mask Register (SCCM)................... 22-20
SCC UART Status RegiSter (SCCS)....couveiiiieieeieciesteesee et 22-22
SCC UART Programming EXample........ccceeeierieneenieeee e 22-23
S-Records Loader APPlICaLiON.........ccueiieieiiese e 22-24
Chapter 23

SCC HDLC Mode
SCC HDLC FEAUIES......ccccvtiieteee ettt sares 23-2
SCC HDLC Channel Frame TranSmiSSION .........cccveeevveeeeiveeeeieeeeeeeeesveeeeveee e 23-2
SCC HDLC Channel Frame RECEPLION .......cceeeeieerieeieseeseeee e e 23-3
SCC HDLC Parameter RAM ...ttt st 234
Programming the SCC HDLC CONtroll€f ..........coovvevineninieieeeesesese e 23-5
SCC HDLC COMMANGS.......ccciiieiiriieirieecieeeetee e eteseereessseeeseseeeseraessbeeesaraessanes 235
Handling Errorsin the SCC HDLC Controller...........cocevvviieviecciececeec 236
HDLC Mode Register (PSMR).......ccoiiiirieieieresie e 237
SCC HDLC Receive Buffer Descriptor (RXBD) ......ccceveeviviceesiesieeee e 23-9
SCC HDLC Transmit Buffer Descriptor (TXBD) ......coceevvieeverieneeneeee e 23-12
HDLC Event Register (SCCE)/HDLC Mask Register (SCCM) .......cccceruennee 23-13
SCC HDLC Status RegIStEr (SCCS).....vveiiiieirieieceesieseeseesie e see s 23-15
SCC HDLC Programming EXampPlesS.........ccceierieneenenienee e 23-15
SCC HDLC Programming Example #1..........cccviinenininienenenese e 23-16
SCC HDLC Programming EXample#2.........cccccoveieveeieeieeeeseesie s 23-17
HDLC Bus Mode with ColliSion DELECHION..........coovveeeiveeeciee et 23-17
HDLC BUS FEALUINES.......ccoieetteeeeeee ettt et e e s e s s s s saarae e e e e s s s eaans 23-20
AccessSiNg the HDLC BUS........c.coouiiieiiecieceseee et 23-20
INCreasing PErfOrManCe ........cc.ooviiiirieeeee e 2321
Delayed RTSMOGE........cooieeeeeceee ettt 23-22
Using the Time-SIot ASSIgNEr (TSA) ....ci i 23-23
HDLC Bus Protocol Programming..........ccccoeeeeerenereeieeieeseesiesee e 23-24

MPC855T User’s Manual



Paragraph
Number

23.14.6.1
23.14.6.2

24.1
24.2
24.3
24.4
2441
24.4.2
24.4.3
24.4.4

251
25.2
25.3
254
25.5
25.6
25.7
25.8
259
25.9.1
25.9.2
25.10
25.11
25.12
25.13
25.13.1

25.13.2
25.13.3
25.14
25.15
25.16
25.17

Contents

Page
Title Number
Programming GSMR and PSMR for the HDL C Bus Protocol ............... 23-24
HDLC Bus Controller Programming EXample...........ccocevcvvieninienienennens 23-24
Chapter 24
SCC AppleTalk Mode
Operating the LOCal TalK BUS ........c..coiiiiiiieesese e 24-1
FFEALUIES.....cc ettt e e ne e r e e ne e nn e e nne e 242
Connecting to APPIETAIK .....ooueeieieieee e 24-3
Programming the SCC in AppleTalk Mode.........cccoevieveeieciereee e 24-3
Programming the GSMR .........cocviirieeere e 24-3
Programming the PSMR..........coi i 244
Programming the TODR.........ccccviieriee e 244
SCC AppleTalk Programming EXample.........ccccoovevininieninnenene e 244
Chapter 25
SCC Asynchronous HDLC Mode and IrDA

ASYNChronouS HDLC FEALUIES.........cceiuirieieeeeeeiesees e 251
Asynchronous HDLC Frame TransmiSsion ProCeSSiNg........c.covevvereerieereeseeenee 25-1
Asynchronous HDL C Frame Reception Processing........ccccceveveveieeseeciieesienenns 252
Transmitter Transparency ENCOAING ........ccceoveriirinininireseeeeeee e 25-3
Receiver Transparency DeCOTING ......ccccevverieeeerieeiesieseeie e see e sse e 25-3
EXCEptionSto RFC 1549......cocice ettt et 254
Asynchronous HDLC Channel Implementation............c.coovrieienenencnenenes 25-5
Asynchronous HDLC Mode Parameter RAM .......c.oocevveveceevecce e 25-5
Configuring GSMR and DSR for Asynchronous HDLC...........cccccceeveeiieinenns 256
General SCC Mode Register (GSMR)......coveieiieiirenenieseeeeee e 257
Data Synchronization Register (DSR) .......cccovvecieiierice e 257
Programming the Asynchronous HDLC Controller ..........cccoevveveeiieeciieeniiene 257
Asynchronous HDLC ComMmMEaNGS ..........coererieiienienierie e 257
Handling Errorsin the Asynchronous HDLC Controller .........ccccvoveveeiecieenee. 25-8
SCC AsynchronoUuS HDLC REJISIENS ......cceeuiiieieeie et 259

Asynchronous HDL C Event Register (SCCE)/Asynchronous HDLC Mask
REGISIEN (SCCM) ..ttt st 259
SCC Asynchronous HDL C Status Register (SCCS)......cocevveveereeneeienneenee. 2510
Asynchronous HDLC Mode Register (PSMR) ......coeveveririenenenesesenins 2511
SCC Asynchronous HDLC RXBDS........cccocieiiiieciesiecee e 25-12
SCC AsynchronouS HDLC TXBDS........cccueoiiinienieriesiesieseeeeee e 2513
Differences between HDLC and Asynchronous HDLC............cccccecvveeieennene 25-14
SCC Asynchronous HDL C Programming Example.........cccococevveiiieeienccieenen. 25-15

Contents XXV



Paragraph
Number

26.1
26.2
26.3
26.4
26.5
26.6
26.7
26.8
26.9
26.10
26.11
26.12
26.13
26.14
26.15
26.16
26.17

27.1
27.2
27.3
274
275
27.6
27.7
27.7.1
27.7.2
27.8
27.9
27.10
27.11
27.12
27.13
27.14
27.15
27.16

Contents

Page
Title Number
Chapter 26

SCC BISYNC Mode
FFEALUIES.....ce et r e e ae e s ar e e ae e s an e e nne e 262
SCC BISYNC Channel Frame TranSmMiSSION ........ccccveeereereereeseeseeeeseeseeeeens 262
SCC BISYNC Channel Frame ReCEPLION...........ccoveveiiereeieeieeseese e seeeeens 26-3
SCC BISYNC Parameter RAM .......coveiiiiieiese e 264
SCC BISYNC COMMANGS........ceiieireeieiiesieeieeeeseesee e sseessesessseeseessessseessessenns 26-5
SCC BISYNC Control Character ReCOgNItioN ..........cccevvereeieeseeseeieseeseenens 266
BISYNC SYNC Register (BSYNC) ...c.coieieieiesie e 267
SCC BISYNC DLE Register (BDLE) ....cccoeiiiiieieee e 26-8
Sending and Receiving the Synchronization Sequence.........cccocevveceeveereeennene. 26-9
Handling Errorsin the SCCBISYNC ..o 26-9
BISYNC Mode Register (PSMR) .......ccoiririiiiiiresesesieees s 26-10
SCC BISYNC Receilve BD (RXBD) ......cceeieieieieriesie et 26-12
SCC BISYNC Transmit BD (TXBD) .....ccoeviririieieseceeeeeeesee e 26-14
BISYNC Event Register (SCCE)/BISYNC Mask Register (SCCM)............. 26-15
SCC Status REGISLErS (SCCS) ....vveviiieireeie et eie et ee e see e e 26-16
Programming the SCC BISYNC Controller ...........coovveriiieienenenenesesene 26-17
SCC BISYNC Programming EXample.........cccoooverininenineeenese e 26-18

Chapter 27

SCC Ethernet Mode
Ethernet on the MPCB5SS5T ... 27-2
FFEBLUIES......cee et e be e s ne e e snee s 27-3
Learning Ethernet on the MPCB55T .........cocviieiiee e 274
Connecting the MPCB855T to Ethernet............coccooeiieiiiniineeeeeeeeee e 27-5
SCC Ethernet Channel Frame TranSmMiSSION.........cceveevereereeseeseeseeeeeseeseeeeens 27-6
SCC Ethernet Channel Frame RECEPRLION...........ccveveeeevieeie e 277
Content-Addressable Memory (CAM) Interface.........ccooeveeiinieneeieneneenne 27-8
Serial CAM INEITACE. ......eoiiee ettt 27-8
Parallel CAM INTEITACE......ccci i 27-10
SCC Ethernet Parameter RAM ..o 27-12
Programming the Ethernet Controller ... 27-14
SCC Ethernet CommaNGS.........ccierireriirienieniesiesie e sesesee e see e ssessesnes 27-15
SCC Ethernet Address RECOGNITION........cveivirieriereriineseeeeee e 27-16
Hash Table AlGOrithm .........cooveieceeece e 27-17
Interpacket Gap TIME.......cooiiiieiie e ere e 27-18
HaNdling CollISIONS ... 27-18
Internal and External LOOPDAaCK..........ccccoveieeieriereeeseee e 27-18
Full-Duplex Ethernet SUPPOIT..........ceoiieiieerie e 27-18

MPC855T User’s Manual



Contents

Paragraph Page
Number Title Number
27.17 Handling Errorsin the Ethernet Controller...........coooviiiniiienennenenee 27-19
27.18 Ethernet Mode Register (PSMR) .......ocooiieiicececcece e 27-19
27.19 SCC Ethernet Receive Buffer DESCIIPLOL ........ccooererireeieeeieseese e 2721
27.20 SCC Ethernet Transmit Buffer DeSCriptor.........cccvvvereereseeseere e esie e 27-24
27.21 SCC Ethernet Event Register (SCCE)/Mask Register (SCCM) .....ccocvvvernnee. 27-25
27.22 SCC Ethernet Programming EXample..........ccoiiniiinineeeeeeseeee 27-27
Chapter 28
SCC Transparent Mode

28.1 FFEALUIES.....ce ettt s r e ne e s n e e ne e s r e e nne e 28-1
28.2 SCC Transparent Channel Frame Transmission ProCess..........ccocevvvveieeieecinnns 282
28.3 SCC Transparent Channel Frame Reception Process...........ccccevvverenenenennne 28-2
28.4 Achieving Synchronization in Transparent Mode ...........cccceeveeceveesecce s, 28-3
284.1 Synchronization iIN NM S| MOGE...........cooiiiiieiieree e 28-3
284.11 IN-Line Synchronization Pattern............ccoovereneieneneneeeee e 28-3
28.4.1.2 External Synchronization SIgnals..........ccccveceieeiecie s 284
284121 External Synchronization EXample...........cccoeiiiinniiieieneeee 284
28.4.1.3 Transparent Mode without Explicit Synchronization............ccccceeevevveneee. 28-5
284.14 End of Frame DEteCtioN.........cc.oveeiiriinieseeesee e 28-6
28.4.2 Synchronization and the TSA ... 28-6
28.4.2.1 IN-line Synchronization Pattern ...........cceceeeerieecesieese e 28-6
28.4.2.2 Inherent SyNChIroNIiZatioN............cccveieeiie e e 28-6
28.5 CRC Calculation in Transparent MOde..........ccooerenirenenineeeeeesee e 28-6
28.6 SCC Transparent Parameter RAM ..o e 28—7
28.7 SCC Transparent COmMMEANGS..........cccvueiiieiiieiie e see e see e see e seeereens 28-7
28.8 Handling Errorsin the Transparent COntroller ...........ocveeeienenene s 28-8
28.9 Transparent Mode and the PSMR.........cccooeiieiiieceee e 28-9
28.10 SCC Transparent Receive Buffer Descriptor (RXBD) .......coceevvveeveeienenneennns 28-9
28.11 SCC Transparent Transmit Buffer Descriptor (TXBD) .......cccooevevenenenenenne. 28-11
28.12 SCC Transparent Event Register (SCCE)/

Mask REGISLE (SCCM) ...veiiiiieieeie ettt 28-12
28.13 SCC Status Register in Transparent Mode

(5005 ) SRR 28-13
28.14 SCC1 Transparent Programming EXample..........coeiirieieieneneneneneseeees 28-14

Chapter 29
Serial Management Controllers (SMCs)

29.1 SIMC FEALUNES......coviieiteitieieeee ettt bbbt e et et st nae b 29-2
29.2 Common SMC Settings and Configurations............cccecveeveesieesieesie e see e 29-3
29.2.1 SMC Mode Registers (SMCMRIN) ..ot 29-3

Contents XXVil



Paragraph
Number

29.2.2
29.2.3
29.23.1
29.2.4
29.24.1
29.24.2
29.24.3
29.24.4
29.24.5
29.2.5
29.2.6
29.3
29.3.1
29.3.2
29.3.3
29.3.4
29.3.5
29.3.6
29.3.7
29.3.8
29.3.9
29.3.10
29311
29.3.12
29.3.13
294
294.1
29.4.2
29.4.3
29.4.4
29.4.5
29.4.6
29.4.7
29.4.8
29.4.9
29.4.10
29.4.11

29.4.12
29.4.13
295

Contents

Page

Title Number

SMC Buffer DesCriptors (BDS) .......coerererieienienesiesie s 29-5
SMC Parameter RAM ........ooiiiiieieseeeeee ettt 29-6

SMC Function Code Registers (RFCR/TFCR) .......coocvevieiinieneeieen 29-8
Disabling SMCS ON-the-Fly .......ccooiiieeeeee e 29-9

SMC Transmitter Full SEQUENCE.........c.cceeviieieieecece e 29-9

SMC Transmitter SNOrCUt SEQUENCE..........covrererierieeeeee e 29-9

SMC Receiver Full SEQUENCE.........cccveieieieirereeeseeee e 29-10

SMC Receiver ShortCut SEQUENCE.........cceceevieeiececsiecie et 29-10

Changing SMC ProtOCOIS .........ceiiririeeesesese s 29-10
SAVING POWET ...ttt e e e ae e e nreenes 29-10
Handling Interruptsin the SMC.........coooiiiiiececeee e 29-10

SMC N UART MOGE.....coieiieiieieeie et eas 29-11
SMC UART FEALUMES.......couiiniiieiiesie sttt st 29-11
SMC UART-Specific Parameter RAM ........cccoviviveninenieese e 29-12
SMC UART Channel TransmiSSiOoN ProCESS.........ccoovevereerieereeseesessenseenens 29-12
SMC UART Channel Reception ProCeSS..........cccveveeeeseerieeiieseesieeessseeens 29-13
DataHandling Modes. Character- and Message-Oriented..............ccceue....e. 29-13
SMC UART COMMANGS ......eeveiieesieeieeiesieenie e sieesieeeesseeseesseesseenseenessseenees 29-14
SENAiNG @BIEAK .......cccuiieecece e 29-14
Sending aPreamble ... 29-14
Handling Errorsin the SMC UART CoNntroller ........ccccevevenenenenenenennns 29-15
SMC UART RecailVe BD (RXBD) .....cccceiuiiiiinieniisie s 29-15
SMC UART Transmit BD (TXBD) .....cccceoueieierenieieseeeeeeeesee e 29-19
SMC UART Event Register (SMCE)/Mask Register (SMCM) .................. 29-20
SMC UART Controller Programming EXample..........cccccceveveivenesieeseennns 29-21

SMC N Transparent MOGE. ...........ooererieieiesese e 29-22
SMC Transparent Mode FEaIUIES.............cceeeiirererise e 29-23
SMC Transparent-Specific Parameter RAM ........ccoooeiieieivie v 29-23
SMC Transparent Channel TransmiSSioN ProCeSS..........ccovvevereereeieeseenee 29-23
SMC Transparent Channel Reception ProCesSS.........cccvvveveeceeseesieeseeseenen 29-24
Using SMSY N for Synchronization ............cccecveveiieciee e 29-24
Using TSA for SyNChroniZation..............ceeeerenereneneeeeeeeesese e 29-25
SMC Transparent COMMANGS..........ccveeereereeieseene e se e e e eeesreees 29-27
Handling Errors in the SMC Transparent Controller..........cccccoevveiieeinene 29-28
SMC Transparent Receive BD (RXBD) .....c.ccocevuererinineeieeeesese e 29-28
SMC Transparent Transmit BD (TXBD)......cccceveeveeiinceerieccee e 29-29
SMC Transparent Event Register (SMCE)/

Mask REQISIEr (SMCIM)....ccueiiiiiieieieriese sttt 29-31
SMC Transparent NM S| Programming Example.........cccccovevevieienciesieennns 29-32
SMC Transparent TSA Programming Example..........cccocceveriineineninneene. 29-33

Y [ O] o €@ 1Y/ oo L= S 29-34

MPC855T User’s Manual



Paragraph
Number

2951
29.5.2
295.21
29.5.211
29.5.3
29531
29.5.3.2
29.54
2955
29.5.6
29.5.7
29.5.8
29.5.9

30.1
30.2
30.3
30.3.1
30.3.2
30.3.3
30.4
304.1
304.1.1
30.4.1.2
30.4.2
30.4.3
30.5
30.5.1
30.6
30.7
30.7.1
30.7.1.1
30.7.1.2
30.8
30.9
30.10

Contents

SMC GCl Parametel RAM ...t
Handling the GCI Monitor Channel ............cccceeveiieieiececcee
SMC GCI Monitor Channel Transmission Process...................
SMC GCI Monitor Channel Reception Process....................
Handling the GCI C/I Channél ..........cccovviiieiieciieceecceece i,
SMC GCI C/I Channél Transmission Process..........coceeevveeennee..
SMC GCI C/I Channel Reception ProCess..........ccocveveieesreenns
SMC GCI COMMANGS.......c.ceciiieeiieeecrie et eree e
SMC GCI Monitor Channel RXBD .......ccoceevcveeeciieecieeecee e
SMC GCI Monitor Channel TXBD.......cccccoveeeeecieeieecre e,
SMC GCI C/l Channél RXBD .........ccoevieiiieeeeeeceesee e
SMC GCI C/l Channél TXBD......cceccuieeeeeieecteeeeeesee et

SMC GCI Event Register (SMCE)/

Mask RegISter (SMCM).....oouiiieieeereeieeee e

Chapter 30
Serial Peripheral Interface (SPI)

SPI Clocking and Signal FUNCLIONS..........cccceeiieiiee e
Configuring the SPI Controller ...
The SPl asaMaster DEVICE........ccceveverirerereeeeee e
The SPl asaSlave DeVICE ...
The SPI in Multi-master Operation ...........c.ceoeveeeiererereseseneenns

S B o 11 = £ S
SPI Mode Register (SPMODE) .......cccooviiiinieieiereresese e
SPI Transfers with Different Clocking Modes............c.ccoceeenee.

SPI Examples with Different SPMODE[LEN] Values..............

SPI Event/Mask Registers (SPIE/SPIM) ..o
SPI Command Register (SPCOM) .....ooooviiirenirieiene e
SPI Parameter RAM .....ocooiiiiieeeese e

Receive/Transmit Function Code Registers (RFCR/TFCR)

SPl COMMEANGS.......coieiieieeieeie e eesneees
The SPI Buffer Descriptor (BD) Table.......ccccvevveeeviececeecece e
SPI Buffer Descriptors (BDS) .....cocveeeieerenieseesie e see s
SPI RecelvVe BD (RXBD) ....ccccoveiieieciecececeeeeee e

SPI Transmit BD (TXBD) ...cc.ccovviieieeececcece et

SPI Master Programming EXample ...
SPI Slave Programming Example..........cccovevveenieenesceseese e
Handling Interruptsin the SPI ...,

Contents

XXIX



Paragraph
Number

311
31.2
31.3
31.3.1
31.3.2
31.3.3
31.3.4
314
31.4.1
31.4.2
31.4.3
31.4.4
31.4.5
315
31.6
31.7
31.7.1
31.7.11
31.7.1.2

321
32.2
32.2.1
32.2.2
32.3
32.3.1
32311
32.3.1.2
32.3.2
32.3.2.1
32.4
324.1
32.4.2
32.4.3
324.4
32.4.5

Contents

Page
Title Number
Chapter 31
I°C Controller
[2C FEALUIES........ ettt e e r e e e s neenneas 312
12C Controller Clocking and Signal FUNCLIONS..........c.ccovrieieeienenesese e 31-2
[2C CoNtroller TranSFErS.......ociiirereeiee e 31-3
12C Master WIte (SAV€ REA) .......euveeeeeeereeseeseeeseeeeeeereseesseeesesseessesesenseens 314
12C LOOPDACK TESHNG ... eeeee s seeee e sene e seeeeees 314
12C Master REAH (SIAVEWIE) .......coveeeeeeeeeeeeeeeeseeeeeeee s s eseesesese e 314
12C MUlti-Master CONSIAEIAtiONS ...........cvveeeeereeeeeeseeeseeeeeseeeseesse s seeeseees 31-6
[2C REJISIEIS. ... ettt sttt e b b sreenenne s 316
12C Mode REGISLEr (I2MOD) ..o seeeeeeeeeseeesesseseeeeseseeeseesesess e 31-6
12C Address REGISLEr (I2ZADD) ......cuveeeeeereeseereeeseeeseeesessesseessesseessesesesseens 31-7
1°C Baud Rate Generator Register (I2BRG)............vveiveerereeseeseeesseesnee 31-8
1°C Event/Mask Registers (I2CER/I2CMR).........ovvrvereeeeeeereeeesseesseesseesseenns 31-8
12C CommaNd REGISLEr (I2COM) ....uveeeeeeereeeeeeeeeeseeeeeeeseseeseesseseeessesesns e 31-9
[2C Parameter RAM ... ..ot 31-9
[2C COMMENGS .....couiinieieiesie ettt a e b e 31-11
|2C Buffer Descriptor (BD) TabI€s........cooeveiiiiieiieecee e 31-12
12C BUFfer DESCHPLOIS (BDS) .......veeveeeeeeeeeeseeeseeeesseeeeseeesseeseseeseseeseeeseeens 31-12
1°C Receive Buffer Descriptor (RXBD) .........eeeeereeneereeseeeseeeseseeeseeee 31-13
12C Transmit Buffer DESCriptor (TXBD).......v.eeeevereeereereeeseeeseeeseneeeseeen 31-14
Chapter 32
Parallel Interface Port (PIP)
FFEBLUIES......ceeeeee ettt be e s nne s 32-1
Core Control VS. CP CONLIOL .........cccoiiiininieieeese e 32-2
(@001 (=X @0 011 ) ST 32-2
(@ o 1 o) P 32-2
The PIP Parameter RAM .....o.covoiieieeesee e sne s 32-3
PIP Transmitter Parameter RAM .......oco oo 32-3
PIP Function Code Register (PFCR) .......cccoviiinirineneeeee e 324
Status Mask RegiSter (SMASK) ..o 324
PIP Receiver Parameter RAM .......ooooiiiiiieiecesee e 32-5
Control Character Table, RCCM, and RCCR.........c.cceceievenineninenennn 32-6
THE PIP REQISIEIS......viciie ettt e e e sneas 32-8
PIP Configuration Register (PIPC) .......ccooiiiiiniiineeeeee e 32-8
PIP Event ReQIStEr (PIPE) ......cccoieirieeee e 32-9
PIP Mask REQISLEN .....cccvivirieiiiiieiei ettt ne s 32-10
PIP Timing Parameters Register (PTPR) ......ccccoviviriieeeeee e 32-10
The Port B REJISIENS......ccvceceeie ettt 32-11

MPC855T User’s Manual



Paragraph
Number

325
32.5.1
32.5.2
32.6
32.7
32.7.1
32.7.2
32.7.2.1
32.7.2.2
32.8
32.9
32.9.1
329.11
32.9.2
329.2.1

33.1
33.2
33.2.1
33.2.11
33.21.2
33.2.1.3
33.2.14
33.2.2
33.2.3
33.3
3331
33.3.11
33.3.1.2
33.3.13
33.3.14
33.3.2
334
334.1
33.4.2
334.21
334.2.2
33.4.2.3
33.4.24

Contents

Page
Title Number
PIP BUfEr DESCIIPLONS.....cuveeeeisieiiesiesiieieeee ettt 32-11
The PIP Tx Buffer Descriptor (TXBD) .......coovevvrieiicie e 32-12
The PIP Rx Buffer Descriptor (RXBD)........cooiireiiiiieeieseesesee e 32-13
PIP CP COMIMANGS.......coeiiiieriisiesiesiesieseeee et sae st s sne e 32-14
Handshaking 1/O MOUES........cueoieiecee et 32-15
Interlocked Handshake Mode...........coveiiienieiiceceeeeee e 32-15
Pulsed Handshake MOdE............cooeiiriiiiiiiesese e 32-16
The BUSY SIgNal ......cooiiiiieieeee e 32-18
Pulsed Handshake Timing .......cccooeererineneneseseseeee e 32-18
TransParent TraNSFErS......ccvciue it 32-20
Implementing CeNtrONICS..........ccuieiieiieecee e ene e 32-20
PIP asa CentroniCs TranSMItter ..........ccoeeerereereere e 32-21
Centronics Tx Errorsand the PIPE.............cccoiiininineeee e 32-22
PIP asa CentroniCS RECEIVES ........ccovieiiiiienieseeie et 32-23
Centronics Rx Errorsand the PIPE ..o 32-23
Chapter 33

Parallel 1/0 Ports
FFEALUIES.....ce ettt et e e ae e s esae e e e e e nne e e 332
1 S 33-2
0T AN L o T = £ S 333
Port A Open-Drain Register (PAODR) ......cccoevieiiieiieiieccee e see e 333
Port A Data Register (PADAT) ..ooui i 334
Port A Data Direction Register (PADIR)......ccccoevieveiiececce e 334
Port A Pin Assignment Register (PAPAR)......ccooiiiieeciecece e 335
Port A Configuration EXamPleS.........cccooeriririnenineneeeeeeeesee e 335
Port A Functional BIOCK Diagrams...........cccceveeceeieeneeieseesieeee e ene s 336
T 0 S 33-7
The POrt B REJISIENS......ccuiieieirierieeiee ettt 33-8
Port B Open-Drain Register (PBODR).........cccovevieiieiieieeee e see e 339
Port B Data Register (PBDAT) ....ooiieeieeeee et 339
Port B Data Direction Register (PBDIR)........ccccveoiiiiiiininencseseseens 33-10
Port B Pin Assignment Register (PBPAR)........cccccceviece e, 3311
Port B Configuration EXample..........cccoeieriiinineneneeeeeeeee e 3311
o A SRS 33-11
Port C—RXClay SIgNal.......ccooeeiieececece et 33-14
POI C REJISIENS ...ttt 33-14
Port C Data Register (PCDAT) ...c.coieeiereriesesesee e 33-14
Port C Data Direction Register (PCDIR)........ccccovvvviveiieiie e 33-15
Port C Pin Assignment Register (PCPAR).........ccooeeieierenercseseeeens 33-15
Port C Special Options Register (PCSO)......ccccccvveerveiieseene e seeseeeeen 33-16

Contents XXXi



Paragraph
Number

334.25
33.5
3351
33511
33.5.1.2
33.5.2

34.1
34.2
34.2.1
34.2.2
34.3
344
34.5
345.1
34.5.2
34.5.3
3454
3455
34.6
34.7

351
35.2
35.2.1
35.2.2
35.2.3
35.24
35.3
354
355
35.6

Contents

Page
Title Number
Port C Interrupt Control Register (PCINT) ..o..ovveieirieiereresesesiesieeins 33-16
o 0 I LRSS 33-17
POI D REJISIENS......eiieeiieeteeie ettt bt st 33-18
POrt D Data REJISIEN ..o 33-18
Port D Data Direction Register (PDDIR) ........cccccoveveiieieciecie e 33-18
Port D Pin Assignment Register (PDPAR) .......ooiiiiiriirieeeese e 33-19
Chapter 34
CPM Interrupt Controller
FFEALUIES...... ettt ne e n e n e s r e e nne e 34-1
CPM Interrupt SOUrCE PrOMTIES ......ccueeiieeiie ettt 34-3
Highest Priority INEEIUPL.........ooeiieieeeee s 34-3
NESLEA INLEITUPLS. ...ttt e e e esneens 344
Masking Interrupt Sourcesinthe CPM ... 344
Generating and Calculating INterrupt VECLOrS..........ccovvereeeeieeiee e 34-5
CPIC REJISIENS. .....eeeece ettt ettt ettt e e e sre et e s neesreeneenne e 346
CPM Interrupt Configuration Register (CICR) .....ccoceverinvenneneeneee e 347
CPM Interrupt Pending Register (CIPR) ..o 347
CPM Interrupt Mask REQISEN ........cccueieerieeie sttt 34-8
CPM Interrupt In-Service Register (CISR).....ccoovveriniriceeeeeesese e 34-8
CPM Interrupt Vector Register (CIVR) ..o 34-9
Interrupt Handler Example—Single-Event Interrupt Source.............ccceveeeee. 34-10
Interrupt Handler Example—Multiple-Event Interrupt Source............coc.c...... 34-10
Part VI
Asynchronous Transfer Mode (ATM)
Chapter 35
ATM Overview
ATM CapabilitiES. .....ocueieeriieieeee e 351
MPCB855T and MPC860 DiffereNnCeS........ccuevuerieriirie e 35-1
Parameter RAM CONFlICES......cooiiiiiieieeee e 35-1
IDMAZ RESIIICHION ...ttt sre e nne e 35-2
UTOPIA CONFIICES ..ttt s 35-2
The ATM Pace Controller (APC) and APC TimMer .......ccocvevvivenerneneeneeens 352
ATIM FEALUIES.......coiitiie ettt sttt sse e s ne e sne e sneeena 35-2
MPC855T Application EXamMPIe.........ccceiieieeieiiee e 354
Overview Of ATM OPEIELION .....cc.ecuerieeeeieieeniesie ettt 355
(GO N @ o= (0] S 355

MPC855T User’s Manual



Paragraph
Number

35.6.1
35.6.2
35.6.3
35.7
35.7.1
35.7.2
35.7.2.1
35.7.3
35.8
35.9

36.1
36.1.1
36.1.2
36.1.3
36.1.4
36.2

36.2.1
36.2.2

371
37.2
37.3
374
37.5
37.6
37.7

38.1
38.1.1
38.1.11
38.1.1.2

Contents

Title

UTOPIA TranSmit OVENVIEW ......oeeeveeeeeeeeeieeee e
UTOPIA ReCaVE OVEINVIEW.......oceeeveeicrieecee e
Expanded CallS.......coooiiineeeeeeeee e
Serial ATM OPEratioN........cceeeereeieeeeseesieseesieeseeseesseeneens
Serial ATM Transmit OVENVIEW ......cceevcvveeeeiiieeeecciieeeeenns
Serial ATM RecalVe OVEIVIEW.........cccoueeeeveeeeree e
Cell DEIINEALION ...t

Cell Payload Scrambling/Descrambling...........cccccceveneee.
ATM Pace Control (APC) ..o

Internal and External Channels (Extended Channel Mode)

Chapter 36
Buffer Descriptors and Connection Tables

ATM Buffer Descriptors (BDS)......ccceevveeereriinneenieeieeseenens
AALS BUFfEIS ..o
AALO BUFFEIS ...
ATM Receive Buffer Descriptors (RXBDS).........c.cccuee.
ATM Transmit Buffer Descriptors (TXBDS)........ccceeueee..

Receive and Transmit Connection Tables

(RCTSANA TCTY) e
Receive Connection Table (RCT) .....ccccevveveveereeieceene,
Transmit Connection Table (TCT) ...ccccveveveceevieccieeciee

Chapter 37
ATM Parameter RAM

SAR Receive Function Code Register (SRFCR).................
SAR Receive State Register (SRSTATE).....ccocvevevvevieenee.
SAR Transmit Function Code Register (STFCR)................
SAR Transmit State Register (STSTATE) .....ccooovvevvreniene.
Address Match Parameters (AM1-AMD) ......ccccevvecvcnenee.
APC State Register (APCST) ...ooviieiiiiiieeeeieeseesesiens
Seria Cell Synchronization Status Register (ASTATUS) ...

Chapter 38
ATM Controller

AddresSMapPIiNg......ccceceeeerieieneeseeee e
Internal Look-up Mechanism (SRSTATE[EXT] =0)......
Adding aNew Internal Channel ............cccoevveieeneenee.
Removing an Internal Channel ...,

Contents

XXXili



Paragraph
Number

38.1.2
38.1.21
38.1.2.2
38.1.2.3
38.1.24
38.1.2.5
38.1.3
38.2
38.2.1
38.2.2
38.2.21
38.2.2.2
38.2.2.3
38.2.3
38.24
38.3

39.1
39.11
39.1.2
39.1.3
39.14
39.1.5
39.1.6
39.1.7
39.1.8
39.2
39.3
39.4
39.5
39.6
39.7

40.1
40.1.1
40.1.2

Contents

Page
Title Number
Address Compression (SRSTATE[EXT,ACP] = 11) ....cccevvviienenenesenene 38-3
First-Level Addressing Table (FLT).....cccecieveieeciece e 38-3
Second-Level Addressing Tables (SLTS) .covvveveeriereriienieseeie e 38-3
Address Compression EXample..........oooiinnenneeecesese e 384
Preventing Channel AlIaSiNg.........ccveueiieiieieeseese e 385
OAM SCIEENING ...ttt sb e e sn e re e nnennea 385
CAM Address Mapping (SRSTATE[EXT,ACP] = 10) ...cccevereenrerierenerienns 38-5
Multi-PHY Configuration (MPHY ) ....c.ooiiiieceee e 385
Setting MUIti-PHY MOGE.........coiiiiiiiieeeeiee e 386
Receive MUlti-PHY OpPEration .........ccccocceeeerereeseese e seesie e see e seesseeneas 38-6
Look-up Table MPHY SUPPOIT........ccoiiiieiie et 38-6
Address Compression Multi-PHY SUPPOIT ........ccooveririeieieeeese e 38-7
CAM MUItI-PHY SUPPOIT ...c.veeeeieieieeie e eee e eee et eas 387
Transmit MUlti-PHY Operation..........ccccueivieiieeiiee e see e 387
APC MUIti-PHY Parameters.........ccceiveveiienieeeseesie e sieesie e sseeseesseesseseens 38-8
ATM COMMEANDS......eiiterieriiriieieiese et s e et se e b sbesbenns 38-8
Chapter 39
ATM Pace Control
APC AIGOITERM . e 39-1
APC IMPIEMENEELION ...t 39-2
APC PalramELErS........ooiieieiie ettt e 393
Programming APC Scheduling Table Size and NCITS..........cccooviiinenenne. 393
DefiNiNg APC SIOt TIME......oiicecee ettt 394
Programming Rates for Channels..........cccoovviieeicciie e 39-5
APC Initialization and Operating ConSIderations ...........ccceeerererererenennns 39-6
Modifying Channel Transmit Pace.........cccccevvrieieene e 396
Minimizing Cell Delay Variation...........ccccevueeieeiiee e 396
Direct Scheduling Of CellS........ccooiiiiiiiieeee s 396
Using the APC with Multiple ATM POIS.......ccoveieiieceee e 397
Using the APC Without USINg UTOPIA.........oooieieeesee e 39-8
APC Scheduling TabIES .........ccooiiiieree s 399
PHY TranSmit QUEUES .........cccveecieeireceteecreecteesteeeteesreesreesaeesreesseesneesseesareens 39-10
APC Priority LEVEIS. ..o 39-10
Chapter 40
ATM Exceptions
ATM EVENE REJISIEIS.....eeeieceeeiieie ettt ee e e et nne e sreenas 40-2
UTOPIA Event Register (IDSRL)......cceouiiereninesiseseseeeeee e 40-2
Serial ATM Event RegiSter (SCCE).......coviiiieieieresiesieeeeeeeesee e 40-3

MPC855T User’s Manual



Contents

Paragraph Page
Number Title Number
40.2 INterrupt QUEUE ENLIY ....ooeiiieeeiee ettt 404
40.3 Interrupt QuUeUe Mask (IMASK).....cuiiieieere e 40-6
Chapter 41
Interface Configuration
41.1 GeNeral ATM REJISIEIS.....cviieirieiieieeeeee et 41-1
41.1.1 Port D Pin Assignment Register (PDPAR) ......oovviieviceceerece e 41-1
41.1.2 APC Timer (CPM TimMEr 4) ..ccuoieeeeeeieeeiereesie et ens 41-2
41.1.3 IS O 211 S 41-2
41.2 UTOPIA MOOE REJISLENS......coviiiriiiiesieeiieieee ettt 41-2
4121 System Clock Control Register (SCCR)......ccoveeriirierierienee e 41-2
41.2.2 ol S Tl I - Y S 41-3
41.2.3 POrt C—RXClaV SIgNal......ccooiiiiieieieeese e 414
4124 Port D—UTOPIA Dataand Control SIgnals.........ccoeeeeereeneninseenieseseeee 414
41.2.5 RISC Controller Configuration Register (RCCR) .......cccoeveevereneneneneniene 414
41.2.6 UTOPIA Mode INitialiZatioN .........ccveieieiinenene s 41-5
41.3 Serial ATM CONfIQUIBLION.......ccueiiieieiieeeeeieees e 41-5
41.3.1 RISC Controller Configuration Register (RCCR) ........cccecevvevviieeseeieseene 41-5
41.3.2 SCC Configuration for Serial ATM ..o 41-5
41321 General SCC Mode Register (GSMR)......c.cooiieiininenieeeeese e 41-5
41.3.2.2 Serial ATM Mode Register (PSMR) ........cooviiriiineninieeeeesee s 41-6
41.3.3 Sl Configuration for Serial ATM .....c.ooociiiecceece e 41-6
Chapter 42
UTOPIA Interface
42.1 UTOPIA SINGIE-PHY ...ttt 42-1
42.1.1 Receive Cell Transfer Operation...........ccceceeieeceeieeseeiee e sieeeesee s see e 422
42.1.2 Transmit Cell Transfer Operation ...........ccccoevererinenesieeieees e 42-3
42.1.2.1 UTOPIA Busand SOC DIiVE.......cccceeeiueeieiieiese et 424
42.2 UTOPIA MUlti-PHY OpErationS.........cccoueiieiienierisie e 42-5
42.2.1 Setting up PHSEL and PHREQ PINS........cocviiiiiiiiiiiereeeeeeeeee e 42-5
42.2.2 Receive Cell Transfer OPeration..........cccccveeereeeeesieeneeieseeseeseeseesseeseeseeses 426
42.2.3 Transmit Cell Transfer OPeration ...........ccucceevieeiieeiie e 42-6
42.2.4 Example MPHY Implementation ............cccoeiirerineneneeeeesesee s 42—7
42.3 UTOPIA Interface Transfer TIMING.......cccevveeveerenieseese e seeeee e 42-9
Part VII

Fast Ethernet Controller (FEC)

Contents XXXV



Contents

Paragraph Page
Number Title Number
Chapter 43
Fast Ethernet Controller (FEC)

43.1 FFEALUIES.....ce ettt r e ae e e s e n e s r e e nne e 43-1
43.1.1 FEC BIOCK DIGIaIM.....c..oiuiriiitiieieieeiieeeeeee ettt 432
43.2 Fast Ethernet Controller Operation...........ccoveceveeresieeseere e seesee e e 43-2
43.2.1 TransSCaVEr CONNECLION ........ccvirieerierieriesie et sae e 43-3
43.2.2 FEC Frame TranSmMiSSION. ......cccveueieerieieseesieeeeseesseeessseessesessseessessssssessees 434
43.2.3 FEC Frame RECEPLION.........ccceciiieeieee ettt nas 434
43.2.4 CAM INEEITACE ..ot 436
43.2.5 FEC COmMMANG SEL .....oovieieiece et 43-6
43.2.6 Ethernet Address ReCOgNITioN .........cccveeeiieiicie e 436
43.2.7 Hash Table AlgOrithm .........coeoiieee s 43-7
43.2.8 INter-Packet Gap TIME .......ouiiierereeeeee e 43-8
43.2.9 (@00 1TESTol gl = F= 7o | 1 o S 43-8
43.2.10 Internal and External LOOPDACK..........ccocviieirinieiieiesee e 43-8
43.2.11 Ethernet Error-Handling Procedure............ocovvereneninieieesese e 43-9
43.2.11.1 TranSMISSION EFTOIS......coiiiiiiieieiee et nneas 43-9
43.2.11.2 RECEPLION EITOIS ... 43-9
43.2.12 SDMA BusArbitration and Transfers .......coovvvveereeinsceene e 43-10
43.2.13 The SDMA REJISIEIS.....ciiiieriiiiirieeieieie ettt 43-10
43.2.13.1 SDMA Configuration Register (SDCR) .......cccocevinireniieieeresesee e 43-10
43.3 SigNal DESCIIPLIONS.....cueeieeeieeee st re e esneeaesneees 43-11
434 Programming MOE! ..........coe i 43-13
43.4.1 Parameter RAM ...ttt see ettt ae st nneenens 43-13
434.1.1 RAM Perfect Match Address Low Register (ADDR_LOW) ......c.ceueuees 43-15
43.4.1.2 RAM Perfect Match Address High (ADDR_HIGH).......cccocvviiiiiinennns 43-15
43.4.1.3 RAM Hash Table High (HASH_TABLE _HIGH) .....ccccccovivviiieieeens 43-16
43.4.1.4 RAM Hash Table Low (HASH_TABLE_LOW) ....ccooiiiiiienineneniens 43-17
43.4.1.5 Beginning of RXBD Ring (R_DES START) .c.covivviiciiececeece e, 43-17
43.4.1.6 Beginning of TXBD Ring (X_DES _START).....cceciiiiiiiererese e 43-18
43.4.1.7 Receive Buffer Size Register (R_BUFF_SIZE) .....cccocovvvevicicieee 43-19
434.1.8 Ethernet Control Register (ECNTRL) .....oveeieiiiiieeeeeeeee e 43-19
43.4.1.9 Interrupt Event (I_EVENT)/Interrupt Mask Register (I_MASK) ........... 43-20
43.4.1.10 Ethernet Interrupt Vector Register (IVEC) ......coovvveveeveieecece e, 43-22
43.4.1.11 RxBD Active Register (R_DES ACTIVE) .cccoooviieieiiene e 43-22
43.4.1.12 TxBD Active Register (X_DES ACTIVE) .cccocovevevieeievece e 43-23
43.4.1.13 M1l Management Frame Register (MII_DATA) .....coovcveieeiecie e, 43-24
43.4.1.14 MII Speed Control Register (MI1_SPEED)..........cccoeveienereseseseeennens 43-26
43.4.1.15 FIFO Receive Bound Register (R_BOUND) .......cccoeveveveneeece e 43-27
43.4.1.16 FIFO Receive Start Register (R_FSTART)...ccvviiieerene e 43-28
43.4.1.17 Transmit Watermark Register (X_WMRK) .......ccceiriiiininireneeneee 43-29

MPC855T User’s Manual



Paragraph
Number

43.4.1.18
43.4.1.19
43.4.1.20
43.4.1.21
43.4.1.22
43.4.2
434.2.1
43.4.2.2
434221
43.4.2.2.2
43.4.3
43431
43432

44.1
44.1.1
44.1.2
44.1.3
44.1.4
44141
44.1.4.2
44.1.4.3
44.1.5
44151
44152
441521
44.1.5.3
44154
44.1.55
44.1.5.6
44.2
44.2.1
44.2.2
44.2.3
44231

Contents

Page
Title Number
FIFO Transmit Start Register (X_FSTART) .....ccevriiinerenese s 43-30
DMA Function Code Register (FUN_CODE)........cccccccevveveecieceecieen 43-31
Receive Control Register (R_CNTRL).....ccccoviriiirieeieereseseeseeieeas 43-31
Receive Hash Register (R_HASH) ...coooeiicieeceee e 43-32
Transmit Control Register (X _CNTRL) ...cccoovieiiciie e 43-33
INitialiZatiON SEQUENCE. ......c.eiiiiirterieeieee e 43-34
Hardware INItialiZation ...........ccocveveeiiieiie e 43-34
User Initialization (before Setting ECNTRL[ETHER_EN])................... 43-35
Descriptor Controller INitialiZation............cccooeverereeieeieesee e 43-36
User Initialization (after Setting ECNTRL[ETHER_EN]).................. 43-36
Buffer DesCriptors (BDS) .....cccuveiuieiieciee ettt 43-36
Ethernet Receive Buffer Descriptor (RXBD) ......coccevvieiinineniieneeens 43-37
Ethernet Transmit Buffer Descriptor (TXBD)......cccevveceeieerieccieceesieen 43-38
Part VIII
System Debugging and Testing Support
Chapter 44
System Development and Debugging

Tracking Program FIOW ...........oociiiie et 44-1
Program Trace Functional DESCrPLiON..........ccccveririrerieeeeesese s 442
Instruction Fetch Show Cycle Control.........cccceveevecieeseese e 44-3
Program TraCe SIgNalS........coeeiiiiiiiee e e 44-3
Program Trace SPECial CasesS.........cuueirriererieresie st 444
Queue Flush Information Special Case........cccoveeeveeveiieseece e 444
Program Trace When In Debug Mode..........cccooeiiriininiiniiceee e 445
Sequentia Instructions Marked as Indirect Branch...........ccccceevvveiieenee. 445
Reconstructing Program TraCe..........cccveueeeeieeee et e seesie e sree e ne e 44-5
o F 0l I = o USRS 445
WINAOW TTACE.....eiuieieeieesieeieeee st etesee e te e steeee e e sseeaesseesseeneesseesseennens 446
Synchronizing the Trace Window to Internal Core Events.................... 446
Detecting the Trace Window Start Address.........cocoeeveeeeieeneneneneneee 447
Detecting the Assertion/Negation of VSYNC .......ccccovveviciivieese e 447
Detecting the Trace Window End Address.........ccoveveeieecieeviescee e, 447
Efficient Trace Information Capture...........cccooererireneseeeesesese e 44-8
Watchpoints and BreakpoinNts SUPPOIT..........ocverieriereeneeieseesieeeesreesee e 44-8
(S = U =TSR 449
Internal Watchpoints and BreakpointS LOGIC.........covrererieeieenienenesiesienees 44-10
FUNCtioNal DESCIIPLION. ......ccoveiiecieeie ettt 44-11
Instruction Support Detailed DesCription ...........ccocevveeceeiiecceecee e, 44-12
Contents XXXVii



Paragraph
Number

44.2.3.2
44.2.3.3
44.2.3.4
4424
44241
44.2.4.2
442421
44.2.4.3
44244
44.2.4.5
44.2.5
443
44.3.1
44311
443.1.2
44.3.1.3
44314
44.3.1.5
44.3.1.6
44.3.1.7
44.3.2
44321
443211
443.2.1.2
443.2.1.3
443214
44322
443221
443222
44.3.2.2.3
44.3.2.3
443.2.3.1
44.3.2.3.2
44.3.2.3.3
44324
443241
44.3.2.4.2
44.3.2.5
443251
44.3.2.5.2
44.3.2.5.3

Contents

Page

Title Number

Load/Store Support Detailed DeSCription..........cceveeeeereerereseneseneniens 4412
THE COUNLENS......eeeieeeete et 4414
Trap Enable Programming..........cooeeeeenenieneeseee e 44-15
Operation DELaIlS.......cc.coeiieeeis e 44-15
RESINCHIONS ...t sae b nnea 44-15
Byte and Half Word Working MOdEs............ccccoviiririeieiesescse e 44-15
EXAMPIES ..o s 44-16
Context Dependent FIilter...........cocvveeieeie e 44-17
[GNOIE FIrSt MEICK ... 44-18
Generating SiX COmMPAre TYPES.....cccueieereeieseesteeeeseesseseesseesseseesseensens 44-18

L oad/Store Breakpoint EXampPIle.........cccoocveiieiiciee e 44-18
Development System INTErface.........ooivieiieiereeereeee e 44-19
Debug MO OPEratiON........c.cceeieeieiierieeieseesieeee e esee e sre e ee e ee e 44-21
Debug Mode Enable vs. Debug Mode Disable...........cccoevveevieeiiecieenen, 44-22
Entering DebUg MOGE..........coviiiiiiieeeresee e 44-23
Debug Mode INAICALION ........cecveeeeceeie e 4424
Checkstop State and Debug MOdE..........cceeveveiieeiie e 44-24
Saving Machine State when Entering Debug Mode...........cccccevvnerienene. 44-25
Running in DebUug MOdE...........cccoeiieiiceeeeeee e 44-25
EXiting Debug MOUE.........cooiiieieieeeeer e e 44-25
Development Port COmMMUNICAETON. .........ooererirerenieeeee e 44-26
Development POrt PiNS .........ccciiieiieie et 4426
Development Serial Clock (DSCK)....cooviiiiieieeieeeeneee e 4426
Development Serial Dataln (DSDI).....c.ooovviievininieeeeese e 44-26
Development Serial Data Out (DSDO) .......cceevvvevevieeiece e 4427
FFEEZE. ... e e e 44-27
Development POrt REJISIEIS ......coviiiieiirieriesieseeee e 44-27
Development Port Shift REQIStES ........ccoveiiiieieee e 4427
Trap Enable Control Register (TECR) .....ccoovviririreeieeese e 4428
Development Port Registers Decode..........cooevveveveeneerieseeceesie e 44-28
Development Port Serial Communications-Clock Mode........................ 44-28
Asynchronous Clocked Mode—UsINg DSCK .........cccoooeveninenenennne 44-28
Synchronous Self-Clocked Mode—Using CLKOUT .........ccccceveeniene 44-29
Selection of Development Port Clock Mode.........ccccoveceeiivcciieninne, 44-30
Development Port Serial Communications-Trap Enable Mode............ 44-31
Serial Data Into Development Port...........cccoovvieieeie s 44-31
Serial Data Out of Development POrt...........cccccoevceeviecciccee e 44-32
Development Port Serial Communications-Debug Mode.............ccc.c..... 44-33
Serial Datalnto Development POrt..........cccccovveevieie e 44-33
Serial Data Out of Development POIT ..........cccceveienienienee e 44-34

Fast Download ProCedUIe...........ccceieereeieneesie e s 44-35

MPC855T User’s Manual



Paragraph
Number

44.4
4441
44.5
44.5.1
44511
44512
44.5.1.3
44514
44515
44.5.1.6

44.5.2

44521
44522
44523

45.1
45.2
45.3
45.4
454.1
45.4.2
45.4.3
454.4
45.4.5
45.5
45.6
45.7

Al
A.2
A.3
A4
A4l
A5
A51

Contents

Title

Software Monitor Debugger SUPPOIT.........coeverereneneeieere e
Freeze INAICALiON........ccooiiiiiece e
Development Support Programming Modél ...
Development SUPPOrt REQISIENS........cccuveeerieie e
Comparator A—H Vaue Registers (CMPA-CMPH) ..........ccccvee..e.
Breakpoint Address Register (BAR).......cccvvririeiienenenese e
Instruction Support Control Register (ICTRL)......ccccevvveceveerieennene

L oad/Store Support Comparators Control Register (LCTRL1)

L oad/Store Support AND-OR Control Register (LCTRL2)............

Breakpoint Counter Value and Control Registers

(COUNTA/COUNTB) ..ccueeueeieeieiesiesieseestesieseseeseeseesse e ssessesseas
Debug MOdE REJISIEIS.......couiiirieiieeeeieee e
Interrupt Cause Register (ICR) ......cocveviveeeieeie e
Debug Enable Register (DER)........ccooeieriiiieeee e
Development Port Data Register (DPDR) .......cooveeveiinenenieseeine

Chapter 45
IEEE 1149.1 Test Access Port

OVEIVIBIW ...t ettt st sb b b e e
TAP CONIOHEN ...
Boundary SCan REJISLEN ........ceceeiieieceese ettt
INSLrUCLION REGISIEN ...

TAP Usage CoNSIAEralionS ........cceeeereerieneeniesiee e sie e see e see e
Recommended TAP Configuration .............ccoeverinenenieeieenesesesee e
Motorola MPC855T BSDL DeSCription..........cccoveveeieerueeieeseesie e seenns

Appendix A
Byte Ordering

Byte Ordering OVENVIAW ........ccooiiiiiiieesese et
Byte-Ordering MEeChaniSIMS........ccveeiieiiee et

TLE MOUE....c.coieeeeeeee ettt st
TLE Mode System EXampPIES........ccccoeieeiieeeceere e
MOD-LE MOGE......ccoeiiieese sttt e
1/O Addressing in MOD-LE MOdE...........cccoiminieienieieeneseseseeees

Contents



Paragraph
Number

A.6

B.1
B.2
B.3
B.3.1
B.3.2
B.3.3
B.4
B.5
B.6

Cl
C.2
C3

D.1
D.2
D.3
D4
D.5

E.1l
E.2
E21
E.3
E31
E.3.2

Contents

Page
Title Number
Setting the Endian Mode Of Operation ..........ccccecveeereereereeseeseseeseesee e A-8

Appendix B

Serial Communications Performance

Serial Clocking (Peak Rate Limitation).........ccceecveiieiiieiie e cee e siee s B-1
BUS ULHTIZBLION ..ottt st e e B2
CPM Bandwidth (Average Rate Limitation) ..........cccoovevereeneeieseeseeseseeneeenen B-2
Performance of Serial Channels ... B-3
IDMA CONSIAEIALIONS.......ceiuieieeeeeiiesieeeeseesteeeesiee e seesseeseeeseesseessesneesseenseens B4
Performance CalCUIaLiONS.........ccccueriiiine e B-5
ATM PerfOrMENCE..... ..ottt nne s B-8
S 0 1Y USSR B-9
TrANSIMITEEN ..t B-11

Appendix C

Register Quick Reference Guide

USEN REJISIENS ...ttt b e C-1
SUPEIVISOr REJISIEN'S .....ecveceiecieeie et ettt re e e saeeneennes C=2
MPC8B55T-SPECITIC SPRS ..ottt C-3

Appendix D

Instruction Set Listings

Instructions Sorted By MNEMONIC.........ccoevveiiiieseee e D-1
Instructions Sorted by OPCOE..........ccoviieiieieceseee e D-9
Instructions Grouped by Functional Categories .........ccccuveereeiereeneeniesee e D-16
INStructions Sorted DY FOIM.........ovoiie e D-26
INSLrUCtion Set LEGENT .......coiveeieeee e D-37

Appendix E

Serial ATM Scrambling, Reception, and SI Programming

ATM Cell Payload SCrambling ..........ccceoiiienenieriese e E-1
Receaiving Serial ATM CellS......ooiiiiiiieieeeee e E-1
HEC Delineation MeChaniSM ...........couiiieiieniiseeie e E-3
Serid Interface Programming Example for Serial ATM ... E4
Serial INtErfaCe RAM ... E4
Parallel POrt REQISLENS......c.coiiiiiieeee e E-5

MPC855T User’s Manual



Figure
Number

1-1
3-1
3-2
3-3
3-4
35
4-1
4-2
4-3
6-1
7-1
7-2
7-3
7-4
7-5
7-6
7-7
7-8
7-9
8-1
8-2
8-3
8-4
8-5
8-6
8-7
8-8
89
8-10
8-11
8-12
8-13
8-14
8-15
8-16

Figures

Page

Title Number

MPCB855T BIOCK DIiagram ........ccceieeieiieiie e et see et ste e st sne e e nas 1-5
Block Diagram Of the COre..........coiiiiiieeeereee e 35
Instruction Flow Conceptual Diagram ..........ccocererireneneneneeeeeeee e 37
Basic Instruction Pipeling TIMING........ccceiieiiiieie e 3-8
SeqUENCEr DALA PELN ........ooueiiieeeie e 39
LSU Functional BIOCK DIiagram .........cccceverirerierieeiesesie s 312
Condition REGISLEN (CR) ....occveeieceeeie ettt e e ne e 4-3
XER REJISIES ...ttt bbbttt e e b n e b nn s 44
Machine State RegIStEr (MSR) ......ooiiiiiiiiieieee e 47
EXCEPLION LALENCY ...c.veevieieeciecie ettt ettt ss e sbeeneeneesneennens 6-19
Instruction Cache Organi ZaLION...........c.eeereeeeiererere e 7-3
Data Cache OrganiZation ............cceceeceieese e seese e see e e sae et ee e sseeeesneenes 7-5
Instruction Cache Control and Status Register (IC_CST) ..coccvveveeveeciieve e 7-7
Instruction Cache Address Register (IC_ADR) ..o 7-8
Instruction Cache Data Port Register (IC_DAT)....ccvoieeiereereeeseesieeee e eee e 7-8
Data Cache Control and Status Register (DC_CST)...ccovvvveeiieiiiee e 7-12
Data Cache Address Register (DC_ADR) .....ccoiiiiiiiieninenesesesee e 7-13
Data Cache Data Port Register (DC _DAT) ..c.uvcveiiee e s 7-14
Instruction Cache Data Path.............ooeiiiiiiiieeeee e 7-21
Read/Instruction Fetch FIOW Diagram.........ccccceoeeieieieneneseseseeeeee s 84
FIOW Of LOGO/SIOTE ACCESS ...ttt sttt be s 85
Effective-to-Physical Address Trangdlation for 4-Kbyte Pages Block Diagram........... 86
Two-Level Trandation Table (MD_CTR[TWAM] = 1) ..cccooiririeeeeese e 8-10
Two-Level Trandation Table (MD_CTR[TWAM] =0)eeccviieieeeceeeee e 8-12
IMMU Control Register (MI_CTR)....cccoiiiiiiesieeieseesiee e 8-16
DMMU Control Register (MD_CTR) ....ccoiiiireieeieniesiesieseeesesee e 8-17
IMMU/DMMU Effective Page Number Register (MX_EPN) ......ccccccevvevvieerieenee. 8-18
IMMU Tablewalk Control Register (MI_TWC) .....ccoovieeiiiieseeieneeneee e 8-19
DMMU Tablewalk Control Register (MD_TWC) .....cccoviririnirerieeesesie e 8-20
IMMU Real Page Number Register (MI_RPN).......ccccooiiniiniineeere e 8-21
DMMU Rea Page Number Register (MD_RPN)......cccooviiviniceseceeeee e 8-23
MMU Tablewalk Base Register (M_TWB) ......cccooiriiirinenineseeee e 8-24
MMU Current Address Space ID Register (M_CASID) .....cooovvvieiiveieecie e, 8-24
MMU Access Protection Registers (MI_AP/MD_AP) ... 8-25
MMU Tablewalk Special Register (M_TW) ....couiiiiiicereeesesee e 8-25

Figures lii



Figure
Number

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

Figures

Page

Title Number

IMMU CAM Entry Read Register (MI_CAM) .....oovieieceeeeeceeeee e 8-26
IMMU RAM Entry Read Register O (MI_RAMO) ......cooovirireririeerese s 827
IMMU RAM Entry Read Register 1 (MI_RAMZL) ....ccccvvviirieieeerese e 8-28
DMMU CAM Entry Read Register (MD_CAM) ...coooeieieceeeeeeeeeere e 8-29
DMMU RAM Entry Read Register 0 (MD_RAMO) ......cccovvineririeieneriesie e 8-30
DMMU RAM Entry Read Register 1 (MD_RAMIL) ....cccoovvveieieieeeece e 8-31
DTLB Reload Code EXAMPIE........ccooiiiiiiiieeeceieree et 8-34
ITLB Reload Code EXaMPIE........ccviieiiecececee ettt 8-35
Configuring the TLB Replacement COUNLEY .........ccooiiiiirineneeeeeeeeeee e 8-35
Data Cache Load TiMiNg ......ccceiieiieieieesie e e eee s see e ae et e s eee s eneas 9-2
Writeback Arbitration Timing—EXample L. 9-2
Writeback Arbitration Timing—EXample 2.........ccoiiiiiniieeeeeeese e 9-2
Private Writeback Bus Load TiMINg ........cccveeeriereeiiesiesie e e s 9-3
External Load TIMING .....cccveiiieiieiiie ettt e e s e sneesaeeeneesneas 94
Full Completion QUEUE TIMING .....cccoiviriiriiiirieieee e 94
Branch FOIAiNG TIMING ......coviiiiieiececeese et ns 9-5
Branch Prediction TIMING .......cooueeiee ettt e e sneas 9-6
Bus Latency for String INStIUCTIONS ........c..eiirieieieieiese st 9-8
System Configuration and ProteCtion LOGIC ........ccvevereeieereeie e eee e 10-3
Internal Memory Map Register (IMMR) ..o 10-5
SIU Module Configuration Register (SIUMCR) .......coocvriiininirieeie e 10-6
System Protection Control Register (SYPCR)......c.ccovvveiiereee e 10-8
Transfer Error Status Register (TESR) .....oovviieiieeeeee e 109
Register LOCK MEChANISIM........cuiiiiiiisie et 10-11
MPCSES55T INEITUPE SLIUCIUME ..ot 10-12
SIU INEEITUPE PrOCESSING ....cueeueeteieriesiesieeiee et sne e sn e ene e 10-14
TRQO Logical REDIESENAION. ........c.cveveeuereeereeeteteieteteteteae s seseaens 10-14
SIU Interrupt Pending Register (SIPEND) ......c.ooviiiininenineeeeee e 10-15
SIU Interrupt Mask Register (SIMASK) ....oooieiieeceeee e 10-16
SIU Interrupt Edge/Level Register (SIEL)....oovoieieieeeeeeeree e 1017
SIU Interrupt Vector RegIStEr (SIVEC).......cooiiiiiiirierenereeeeeee e 10-18
Interrupt Table Handling EX@MPIE........c.cccvevieieiiesece e 10-19
Software Watchdog Timer Service State Diagram...........cceceeeeeeeneereneneneseseenen 10-20
Software Watchdog Timer BIOCK Diagram ..........ccccveceveeieieeseese e seesee e 10-21
Software Service RegISter (SWSR) ...coveiiiececie st 1021
Decrementer REGISIEN (DEC) ......ooviiiiiiieieeieeeeeese e 10-23
Timebase Upper RegIStEr (TBU) ....occuvieeiieeeeeceeie et 10-24
Timebase Lower REGISEN (TBL) .voviiieiececcee et 10-24
Timebase Reference Registers (TBREFA and TBREFB) ..o, 10-25
Timebase Status and Control Register (TBSCR) ......ccccoveevveieieerece e 10-25
Real-Time Clock BIOCK Diagram..........cccceeiieiiiciie e 10-27

MPC855T User’s Manual



Figure
Number

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

Figures

Title

Real-Time Clock Status and Control Register (RTCSC) ......ccooevveiereneneens
Real-Time Clock Register (RTC).....occuveeeiieiecee e
Real-Time Clock Alarm Register (RTCAL) ..oovvveeiieereeere e
Real-Time Clock Alarm Seconds Register (RTSEC).......ccccoovvveiiieiincnins
Periodic Interrupt Timer Block Diagram ..........ccccceevveevieeieccie e
Periodic Interrupt Status and Control Register (PISCR).........cccccevveeernenne
PIT Count REZISIEN (PITC) ..ottt
PIT REGISIEN (PITR) .oveiiiiiieiieieiiesie sttt nae s nee s
Power-On and Hard ReSEt SEQUENCE .........coeeeeieieieriesieste e
SOft RESEL SEQUENCE.........eeveeieeee et eie ettt te et esne e sneennen
Reset Status Register (RSR).....ccuvviiieiie it
Data Bus Configuration INPUt CIrCUIT ...........coceieeriereneneneseeeeee e
Reset Configuration Sampling for Short PORESET Assertion ...................
Reset Configuration Sampling for Long PORESET Assertion....................
Reset Configuration Sampling Timing Requirements ..........ccccceeeveneneneens
Hard Reset Configuration WOrd...........cccevieeiieie e
MPCB855T EXternal SIgNalS ......cccccvveiieiiiiiiece e
Signalsand Pin NUMbBErs (Part 1) ........ccocevereeieneneneneseseseeee e
Signals and Pin NUMDErS (Part 2) ........ccceveeiieieseese e
Three-State Buffers and Active Pull-Up Buffers.........cccoeovieneniineiennen,
INPUt SAMPIE WINCOW ...
MPCB55T BUS SIgNaIS......ccouiiieiiieiiecieeteete et ete et
BasiC Transfer PrOtOCO ..........ocoiieieeieiierieee et
Basic Flow Diagram of a Single-Beat Read Cycle.........ccocoovveiiiiicicnnns
Basic Timing: Single-Beat Read Cycle, Zero Wait States............cccccueeneee.
Basic Timing: Single-Beat Read Cycle, One Wait State.............ccccveeenenne
Basic Flow of aSingle-Beat Write CycCle ...
Basic Timing: Single-Beat Write Cycle, Zero Wait States...........ccccccuveneee.
Basic Timing: Single-Beat Write Cycle, One Wait State............cccccveveennne

Basic Timing: Single-Beat, 32-Bit Data Write Cycle, 16-Bit Port Size

Basic Flow of aBurst-Read CyCle.........ccocviviiiiiieciecce e
Burst-Read Cycle: 32-Bit Port Size, Zero Wait State...........ccccceveeevveeennenne
Burst-Read Cycle: 32-Bit Port Size, One Wait State..........cccecvvvvevvevennnnne.
Burst-Read Cycle: 32-Bit Port Size, Wait States between Beats.................
Burst-Read Cycle: 16-Bit Port Size, One Wait State between Beats...........
Basic Flow of aBurst Write CyCle.........ccccveveiceieeiecececse e
Burst-Write Cycle: 32-Bit Port Size, Zero Wait States........cccocveveevvecnenne,
Burst-Inhibit Cycle: 32-Bit POrt SIze.........cocooeieiiieeeeeeeees
Internal Operand REPreSENtation..........cccveveieereeiieseese e
Interface to Different Port Size DeVICES........ccoceveeverieneeie e
Basic BusArbitration ProtoCol ...........cccceveeveiieseese e

Figures

xlv



Figure
Number

13-22
13-23
13-24
13-25
13-26
13-27
13-28
13-29
13-30
13-31
14-1
14-2
14-3
14-4
14-5
14-6
14-7
14-8

14-9

14-10
14-11
14-12
14-13
14-14
14-15
14-16
151
15-2
15-3
154
15-5
15-6
15-7
15-8
15-9
15-10
15-11
15-12
15-13

Figures

Page
Title Number
Bus Busy (BB) and Transfer Start (TS) Connection Example...........ccccocevvnennene. 13-29
BusArbitration Timing Diagram ..........cccccceeieeieiieeseeie e ese e 13-30
Internal Bus Arbitration State Machine...........cccooeririineneee e 13-31
Termination Signals Protocol Basic CONNECLION.............ccoerereeineeiesese e 13-36
Termination Signals Protocol Timing Diagram ..........ccccceeveeeeieeneeceseese e 13-36
Reservation ON LOCal BUS ........coouiiieiiiiesie e 13-38
Reservation on Multilevel BusHierarchy ... 13-39
Retry Transfer Timing—Internal Arbiter .........covoieieeie e 1341
Retry Transfer Timing—External Arbiter ... 1342
RELrY ON BUISE CYCI....uuiiiiceeciece ettt 1343
Clock Source and DiStriDULION ..........cooiiiiiieeee s 14-2
Clock Module COMPONENLS ........coveeeierieieriesi et sne e 14-3
Crystal CirCUit EXAMPIES ......c.cciueieeiieie ettt e e ns 14-5
SPLL BIOCK DIQIAM ......eiiitieiieciie ettt sttt s e sneeereens 146
(@4 o011 B 1Y/ T L= £ ST 14-10
Low-power dividersfor GCLKX .......ciiiiiiieiiee e st 14-11
Divided System Clocks (GCLKX) Timing Diagram..........ccccceeevvveeieesieeeieeseesiieens 1411
Memory Controller and External Bus Clocks Timing Diagram for EBDF=0 and
EBDF=EL ..t bttt e e 14-12
Memory Controller and External Bus Clocks Timing Diagram for (CSRC=0 and
DFNH=1) or (CSRC=1 and DFNL=0) ......cccccescesrrrrrrrrrreeeeeereereeseseesee e ereenes 14-13
2] 1O I LG B LYo = ST 14-14
) N [ I L B 1Yo = S 14-15
MPCBE5T POWES RIS ......ceeeueeieeese st 14-17
MPCB855T Low-Power Mode FIOWChart.........ccoeverinenineneneseeeese e 14-21
Software-Initiated Power-Down ConfiguIation ...........c.ceveeeereenenienseeneeseesieeneens 14-27
System Clock and Reset Control Register (SCCR) ....ooevvveririeieee e 14-29
PLL, Low-Power, and Reset Control Register (PLPRCR) ........cccccceevviiecieiieenee 14-32
Memory Controller BIOCK DIiagram .........cocceoeeoeeieerieneseseseseseeee e 15-3
Memory Controller Machine SEleCtioN...........cccevveiveie s 154
Simple System CoNfigUIaLiON .........cc.eeiiiiieiie et seeere e 155
Basic Memory Controller OPeration............cceeeeeeereneresesieseseee e 156
Base REGISLEIS (BRX) ...uvicueeiiieieciesieee ettt te et s ae e sseeeesnnenneenne s 159
BRO RESEL DEFAUITS......ccueivieiieiieieiesie et 159
Option REGISIENS (ORX)...cueeuieieierieriesiesiesieeee ettt ssesn e sre e 15-11
ORO RESEL DEFAUITS. .....ccveeiieiieieie ettt st 15-11
Memory Status ReQISIEr (MSTAT) ..ocveeieeeee ettt 1513
Machine A Mode Register/Machine B Mode Register (MXMR)........cccooeevvneninne. 15-14
Memory Command RegiSter (MCR) .......ocieiieeciesece e 15-16
Memory Data ReGISLEr (MDR) .....cc.coiiiiiiieneee et 1517
Memory Address RegiStEr (MAR) ..o s 15-17

MPC855T User’s Manual



Figure
Number

15-14
15-15
15-16
15-17
15-18
15-19
15-20
15-21

15-22
15-23
15-24
15-25
15-26
15-27
15-28
15-29

15-30

15-31
15-32
15-33
15-34
15-35
15-36
15-37
15-38
15-39
15-40
15-41
15-42
15-43
15-44
15-45
15-46
15-47
15-48
15-49
15-50
15-51

Figures

Page
Title Number
Memory Periodic Timer Prescaler Register (MPTPR) ....ocoviviiieiinic e 15-18
GPCM-t0-SRAM COoNfigUIration ..........c.ccveiueieesieeiesee s e seesreeseesee e see e e e 15-19
GPCM Peripheral Device INEITaCe........ooveieiiiiiiiee e 15-21
GPCM Peripheral Device Basic Timing (ACS=1x and TRLX =0) .....c.ccccvrurnnene 15-21
GPCM Memory Device INtEIfaCe ........cooveieieeiece e 15-22
GPCM Memory Device Basic Timing (ACS=00, CSNT =1, TRLX =0) ........... 15-22
GPCM Memory Device Basic Timing (ACS# 00, CSNT =1, TRLX =0) ........... 15-23
GPCM Relaxed Timing Read (ACS = 1x, SCY =1, CSNT =0, and
LI 0 G ) SO SRR 15-24
GPCM Relaxed-Timing Write (ACS = 1x, SCY =0, CSNT =0, TRLX =1)........ 1524
GPCM Relaxed-Timing Write (ACS= 1x, SCY =0, CSNT =1, TRLX =1)......... 15-25
GPCM Relaxed-Timing Write (ACS= 00, SCY =0, CSNT =1, TRLX =1)......... 15-26
GPCM Read Followed by Write (EHTR = 0) ...couiiiiiriereeeeeeee e 15-27
GPCM Read Followed by Write (EHTR = 1) ...coviiiieiceceseeeeeee e 15-28
GPCM Read Followed by Read from Different Banks (EHTR =1) ........ccccenneee. 15-29
GPCM Read Followed by Read from Same Bank (EHTR = 1)......ccccccvevvvvevieennnne 15-30

Asynchronous External Master Configuration for GPCM-Handled Memory Devices....
15-31

Asynchronous External Master, GPCM-Handled Memory Access Timing (TRLX = 0).
15-32

User-Programmable Machine Block Diagram..........ccocoevevenenieienene e 15-33
RAM ATITay INAEXING ....vecueecvieie ettt s e te et sre e sneesreenesnee s 15-34
Memory Periodic Timer Request Block Diagram............ccoeeevereeneenencescenieeene 15-35
UPM Clock Scheme One (DiviSion FaCtor = 1) .......cccevererenenienienesesesiesesieees 15-36
UPM Clock Scheme Two (Division FaCtor = 2) ........ccccvcveveevesieeieesie e 15-37
UPM Signals Timing Example One (Division Factor = 1, EBDF = 00)................. 15-38
UPM Signals Timing Example Two (Division Factor = 2, EBDF = 01) ................ 15-38
RAM Array and Signal GENEratioN............ccccveeieiieeieeie e 15-39
TRERAM WOIU.....coiiiiiiieieee ettt sne e nneenns 1540
CSX SIgNal SEIECTION.......cociieeceeceee e 1543
BSX SIgNal SEIECHION......cccviiiiecie et 1544
Early GPLS CONEIOL ..ottt 1545
Address MUItIPIEX TIMING ....oovveieeeceee e es 1548
UPM Read Access Data Sampling.......ccocvevieiiieiie i 1553
Wait Mechanism Timing for Internal and External Synchronous Masters............ 15-54
Wait Mechanism Timing for an External Asynchronous Master ............ccccccuveueee. 15-55
Synchronous EXternal Master ACCESS.......cuecveeiieeiieeiie e eseesreesree e snee s 15-59
Asynchronous External Master ACCESS.........ccurerirereneresesee e 15-60
Synchronous External Master Interconnect Example..........ccoovevvveerveieciesieennene 15-61
Synchronous External Master: Burst Read Access to Page Mode DRAM ............. 15-63
Asynchronous External Master Interconnect Example...........cccovveinincncccnenee 15-63

Figures xlvii



Figure
Number

15-52
15-53
15-54
15-55
15-56
15-57
15-58
15-59
15-60
15-61
15-62
15-63
15-64
15-65
15-66
15-67
15-68
15-69
15-70
16-1

16-2

16-3

16-4

16-5

16-6

16-7

16-8

16-9

16-10
16-11
16-12
16-13
16-14

16-15

16-16
16-17
16-18
17-1
17-2

Figures

Page
Title Number
Asynchronous External Master Timing EXample.........ccovvrieieienenesenenenenens 15-64
Page-Mode DRAM Interface CONNECLION.........c.coceeveeieeieeceece e 15-65
Single-Beat Read Access to Page-Mode DRAM .........ooiiiiienenieeee e 15-67
Single-Beat Write Access to Page Mode DRAM ........oocviierinieienene e 15-68
Burst Read Access to Page-Mode DRAM (NOLOOP) .....cccoccvvieveeiece e 15-69
Burst Read Access to Page-Mode DRAM (LOOP) .......ooeviervienieieeeeee e 15-70
Burst Write Access to Page-Mode DRAM (NO LOOP) ......cceovieienenencieneniene 15-71
Burst Write Access to Page-Mode DRAM (LOOP) ......ccccevveveveeceeiece e 15-72
Refresh Cycle (CAS before RAS) to Page-Mode DRAM ... 15-73
(o= o] 10] I @5 Vo = S 15-74
Optimized DRAM BUrst REA ACCESS........cociieiieiieeiiee sttt 15-76
EDO DRAM Interface CONNECLION..........cceereeieeeeseeie e 15-77
EDO DRAM Single-Beat REA0 ACCESS ......cccveieieeseeie et 15-79
EDO DRAM Single-Beat WITE ACCESS......c.eciiieieeiie et sie e see e sree e sreesneens 1580
EDO DRAM BUrst REAO ACCESS .....covveeieieerieeie s eiesee et 15-81
EDO DRAM BUISt WITE ACCESS. .....oiuiiiriiniiriieieie ettt see et sne s sns 15-82
EDO DRAM Refresh Cycle (CASDefore RAS) .....coovvvievenieeeeee e 15-83
EDO DRAM EXCEPLION CYCI......eiiiiiiiiieeieeieeeeees et 15-84
Blank Work Sheet for @aUPM ..ot 15-85
System with TWO PCMCIA SOCKELS.......c.eeiiririiniesiee e 16-2
Internal DMA REQUESE LOGIC......c.ueivirieriiriiriieieee ettt s 16-8
PCMCIA Interface Input Pins Register (PIPR) .......ccccoevieieeieceee e 16-9
PCMCIA Interface Status Changed Register (PSCR) ........cccovoevveieenenienierieene 16-10
PCMCIA Interface Enable Register (PER).......cccooiiirininireneeeeee e 16-11
PCMCIA Interface General Control Register (PGCRX) ......cccovvvveieeiviiecieriee 16-13
PCMCIA Base ReQISter (PBR) ......coviiieieceeeeeee s 16-14
PCMCIA Option Register 0—7 (PORO—PORYT).......cccoviiiririnineeeeese s 16-14
PCMCIA Single-Beat Read Cycle PRS=0PSST =1PSL =3PSHT =1............ 16-17
PCMCIA Single-Beat Read Cycle PRS=0PSST =2PSL =4 PSHT =1............ 16-18
PCMCIA Single-Beat Read Cycle PRS=0PSST =1 PSL =3 PSHT =0............ 16-19
PCMCIA Single-Beat Write Cycle PRS=2PSST =1PSL =3PSHT =1........... 1620
PCMCIA Single-Beat Write Cycle PRS=3PSST =1PSL =4PSHT =3............ 1621
PCMCIA Single-Beat Write with Wait PRS=3 PSST =1 PSL =3
S N I O TSSO 1622
PCMCIA Single-Beat Read with Wait PRS=3PSST =1 PSL =3
PSHT S et b e 16-23
PCMCIA I/ORead PPS=1PRS=3PSST=1PSL =2PSHT =0...c..ccecvrrrnenne. 1624
PCMCIA I/ORead PPS=1PRS=3PSST=1PSL =2PSHT =0...c..cceccverrnenee. 16-25
PCMCIA DMA Read Cycle PRS=4PSST =1 PSL = 3PSHT =0...c.ccceccvrvvrnnee. 1626
(O Y/ = FoTox [ D= =" PO 17-2
MPC855TApplication Design EXample........cccoiiriienene e 174

MPC855T User’s Manual



Figure
Number

17-3
17-4
17-5
17-6
17-7
17-8
17-9
17-10
18-1
18-2
18-3
18-4
18-5
18-6
18-7
18-8
18-9
19-1
19-2
19-3
19-4
19-5
19-6
19-7
19-8
19-9
19-10

19-11
19-12

19-13
19-14
19-15
20-1
20-2
20-3
20-4
20-5
20-6

Figures

CPM Timer BIOCK DIagram ........cccceceeeeierienenienesesesesee e
Timer Cascaded Mode Block Diagram..........cccceceeeeieeiecciesieeie s
Timer Global Configuration Register (TGCR) .......ccooceevveierierieneeseeins
Timer Mode Registers (TMRI-TMRA) ....ccooviiiiinieieeeesese s
Timer Reference Registers (TRR1I-TRRA4) ........cccocceieeveccie e
Timer Capture Registers (TCR1-TCRA) .......coceveriiieereeee e
Timer Counter Registers (TCN1-TCNA4) .......ccoovrereriireeee e
Timer Event Registers (TERL-TER4) ........ccevveieeeceee e
Communications Processor (CP) Block Diagram...........cccceeeverenenennnns
RISC Controller Configuration Register (RCCR)........cccccvevevieerecveesnenne.

RISC Microcode Development Support Control Register (RMDS)

CP Command Register (CPCR) ........cooviieieriirie e
Dual-Port RAM BIOCK Diagram ........ccccceveeiesieseecie e eee e ees e
Dual-Port RAM Memory Map......ccceccueeiieiieeiee e esies e esies e sses e s
RISC Timer Table RAM USAJE .......cooiiiririeresereeeeeeee e
RISC Timer Command Register (TM_CMD)......ccccccvvveveeieneeseee e
RISC Timer Event Register (RTER)/Mask Register (RTMR)...................
MPCB855T SDMA DataPaths........cccccceveveieiiiiieeeeeceesese e
SDMA U-BusArbitration (Cycle Steal) .......ccoevvveevvcceeieeie e
SDMA Configuration Register (SDCR).......ccevereerernienienieniesie e
SDMA Status Register (SDSR) ....c.evuererieiirieresiesesesee e
DMA Channel Mode Register (DCMR) ......cceveeveeiieceesece e
IDMA Status Registers (IDSRIU/IDSR2) .......coveeiieieieeeeee e
IDMAX Channel’s BD Tabl€........ccoveeeieieiecececeeeeeeeeee e
IDMA Buffer DesCriptor StrUCLUIE..........ccveeeieere e e
Function Code Registers—SFCR and DFCR ..........cooeieieieicneneneee

SDACK Timing Diagram: Single-Address

Peripheral Write, Externally-Generated TA ........ccccoeveececeececcee e

SDACK Timing Diagram: Single-Address

Peripheral Write, Internally-Generated TA ........ccoeveveevenceenecce e

SDACK Timing Diagram: Single-Address

Peripheral Read, Internally-Generated TA ...
IDMA Channel Mode Register (DCMR) (Single-Buffer Mode)..............
IDMA1 Status Register (IDSR1) (Single-Buffer Mode) ..........ccccecveennns
Single-Address IDMA1 Burst Timing (Single-Buffer Mode) ..................
MPCB855T S| BIOCK Diagram........ccceeceeeerieeieseesieeieeseesie e s see e
Various Configurationsof aTDM Channél ............ccccoevviieiicieciiecie,
Enabling Connectionsthrough the Sl ...
SI RAM Partitioning Using TDMawith Static Frames..........cccccceeveneee.
Sl RAM Dynamic Changes With TDMa........cccceevveeneninnieneeie e
Sl RAM Partitioning Using TDMawith Dynamic Frames.......................

Figures

xlix



Figure
Number

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

Figures

Page

Title Number

STRAM ENLIY ..ot s sn e b nneenne s 20-10
Example UsSing SI RAMN[SWTRY] ...couiiiiieseee e 20-12
Sl Global Mode Register (SIGMR) ......coiuiiieiieeee e 20-12
Sl Mode RegISter (SIMODE).......cccoiiiiiiiieieeeeeie e 20-13
One Clock Delay from Sync to Data (XFSD = 01) .....cccveveveeveeieeee e 20-15
No Delay from Sync to Data (XFSD = 00).......cccveruerereniirieninieeeeeseesee e 20-16
Falling Edge (FE) Effect When CE =1 and XFSD = 01.......ccccviviiinenincneneree 20-16
Falling Edge (FE) Effect When CE=0and XFSD = 01........cccceeeveevviciecierieeen 20-16
Falling Edge (FE) Effect When CE =1 and XFSD = 00........ccceeererenercnenereee 20-17
Falling Edge (FE) Effect When CE=0and XFSD = 00........cccceevvvervrcenreerirnnnenn 20-18
Sl Clock Route RegIStEr (SICR) ....ccveeiiicie et s 20-19
Sl Command RegiSter (SICMR) .....oviiiiiiiicieeeee e 20-20
Sl Status REGISIEN (SISTR)....coiuiiiiierierierieeieee et 20-20
Sl RAM Pointer REGISLEr (SIRP) ....cc.ocviiiiiieieiesie et 20-21
Bank-of-Clocks Selection Logic for NMSI ..o 20-23
Baud Rate Generator (BRG) Block Diagram.........cccccevveveeveeceseesecie e seesie s 20-25
Baud Rate Generator Configuration Registers (BRGCN) ........ccccceevievivcvieiiecnienne 20-26
SCC BIOCK DIBGIAIM.....ccueiieiieieiesiesie sttt ss et snesnenneas 21-2
GSMR_H—General SCC Mode Register (High Order)........cccovecevveieiceecececeene, 214
GSMR_L—General SCC Mode Register (LOW Order) ........ccevoveeereeieneenenieeseenee 21-6
Data Synchronization RegiSter (DSR) .......coererieieriresiesieseseeee s 21-10
Transmit-on-Demand Register (TODR) .....ccooveiieiieeie e 21-10
SCC Buffer DesCriptors (BDS).......cocuiieririeniesieeiee et 21-12
SCC Buffer Descriptor and Buffer SIFUCTUNE..........ooeviieneneeeee e 21-13
Function Code Registers (RFCR and TFCR)........cccoveiviieevece e 21-16
Output Delay from RTS Asserted for Synchronous Protocols..........cccccevevceeneeneens 21-19
Output Delay from CTS Asserted for Synchronous Protocols...........c.ceevveveieenens 21-19
CTSLost in Synchronous PrOtOCOIS.........cceiveiieeieieecie e 21-20
Using CD to Control Synchronous Protocol Reception............ccccoveeveeeeneenenseene 21-21
DPLL Receiver BIOCK DIagram ........cccceceeieieeiesieeseeseeseesieesee e e esse e sseensesnee s 21-22
DPLL Transmitter BIOCK Diagram.........cccevveiiieiie it 21-23
DPLL ENcoding EXAMPIES..........ooiiiiiiiieeieeeeeeeese s 21-25
UART CharaCter FOMMEL .........cooueiiieieie ettt 22-1
Two UART Multidrop ConfigurationS..........cccueeiueeiieiiieesee e 22—7
Control Character Table, RCCM, and RCCR ........ooiiiiiiiieiceiee e seee e 22-8
Transmit Out-of-Sequence Register (TOSEQ) .....covvveiereereeieceerie e ee e 22-10
Data Synchronization Register (DSR) ......ccvveiiieiieiiecriee et 22-11
Protocol-Specific Mode Register for UART (PSMR)........cooiiieienincreneseeee 22-13
SCC UART Receaiving USING RXBDS........cccocieiiieieieesiecie e 22-17
SCC UART RXBD ....ocuiiiieiieiieiesiesie ettt sttt sne st sne s e 22-18
SCC UART Transmit Buffer Descriptor (TXBD)........cocouvrerireeienenesie s 22-19

MPC855T User’s Manual



Figure
Number

22-10
22-11
22-12
231
23-2
23-3
234
23-5
23-6
23-7
23-8
239
23-10
23-11
23-12
23-13
23-14
23-15
23-16
24-1
24-2
25-1
25-2
25-3
25-4

25-5
25-6
25-7
25-8
26-1
26-2
26-3
26-4
26-5
26-6
26-7
26-8
26-9
27-1
27-2

Figures

Page
Title Number
SCC UART Interrupt Event EXample.........ccoooiiiiin e 2221
SCC UART Event Register (SCCE) and Mask Register (SCCM).....ccccevvrerrenene. 22-21
SCC Status Register for UART Mode (SCCS) ....coouvieeriieiiniereeie e 22-22
HDLC Framing SITUCLUIE.........coouiieririeriesiesieeee et sne e 23-2
HDLC Address RECOGNITION .........coueeiuiieeiieeiie et cie et ne et ne e e e 23-5
HDLC Mode RegiSter (PSMR) .....ccooiiiiiiiieie et 237
SCC HDLC Receive Buffer Descriptor (RXBD) .......ccoceviierinenieeiesesesesiesieeins 23-9
SCC HDLC Receiving USiNg RXBDS........cccooieiiieiieieerieciee e 23-11
SCC HDLC Transmit Buffer Descriptor (TXBD) .......cccovririeieeieenereseseseeseeie 23-12
HDLC Event Register (SCCE)/HDLC Mask Register (SCCM)......cocovvvrvrerernenne. 23-13
SCC HDLC Interrupt Event EXample........ccoooveiiiiiieiiececsee et 23-14
SCC HDLC Status REGISLEr (SCCS) ....vviuiiririeieieriesiesiesiesreeeseeeesae e sse e sse e 23-15
Typical HDLC Bus Multimaster Configuration.............ccceecveeeseeneeceeseeseesee e 23-19
Typical HDLC Bus Single-Master Configuration............ccccecveveeviieeieeseessieesineenne 23-20
Detecting an HDLC BUS COllISION.......ccoiiiiiieieieiesiesiese e 23-21
Nonsymmetrical Tx Clock Duty Cycle for Increased Performance........................ 23-22
HDLC Bus Transmission Line Configuration.............ccccevvuveieeieesieesiescieesee e 23-22
Delayed RTS MOGE........oouiiiiieieeeriere ettt 23-23
HDLC Bus TDM Transmission Line Configuration............ccccceveeveeneseeseesiesnne 23-23
Local Talk Frame FOrMEL..........ccocoiieiiiiiieie e 24-1
Connecting the MPC855T t0 LOCAI TAK .....ccueruiriiiiiiiesiesiesieseeeeeeee e 24-3
Asynchronous HDLC Frame SETUCKUFE............ooueeiieie et 252
RECEIVE FIOWCAIT ... e 254
TXCTL_TBL/RXCTL_TBL oottt s 25-6
Asynchronous HDL C Event Register (SCCE)/Asynchronous HDL C Mask Register
(50011 ) TSSO 259
SCC Status Register for Asynchronous HDLC Mode (SCCS)......cccovvvervrieriennene 25-10
Asynchronous HDLC Mode Register (PSMR).......c.ccoeiieieeiecee e 25-11
SCC Asynchronous HDLC RXBDS..........ccuriiieieienienienie e 25-12
SCC AsynchronOUS HDLC TXBDS.......ccciveieiieieeie et eieseesaeesae e see e s sse e 25-13
Classes Of BISYNC FFamES.......cceoiiiiiiierieeeee et 26-1
Control Character Table and RCCM ..o 266
BISYNC SYNC (BSYNC) ..ttt e 267
BISYNC DLE (BDLE) ..ottt 26-8
Protocol-Specific Mode Register for BISYNC (PSMR).......cccovieiininincninenee 26-10
SCC BISYNC RXBD ..ottt sttt s 26-12
SCC BISYNC TXBD....cuicieieieesie ettt ene e 26-14
BISYNC Event Register (SCCE)/BISYNC Mask Register (SCCM) ......ccccevvruene. 26-15
SCC Status REGISLEIS (SCCS) ....ovieieieesieeiesee et see st ee e te e 26-16
Ethernet Frame SITUCLUIE .........oiiiiieie e 27-1
Ethernet BIOCK Diagraim..........coouiieiiiiienisineeeeee et 27-2

Figures li



Figure
Number

27-3
27-4
27-5
27-6
27-7
27-8
27-9
27-10
27-11
27-12
28-1
28-2
28-3
28-4
28-5
29-1
29-2
29-3
29-4
29-5
29-6
29-7
29-8
29-9
29-10
29-11
29-12
29-13
29-14
29-15
29-16
29-17
29-18
29-19
29-20
30-1
30-2
30-3
30-4
30-5
30-6

Figures

Page

Title Number

Connecting the MPC855T t0 Ethernet..........ccovveeiriiiiriree e 27-5
MPCB855T Ethernet Serial CAM INterface........cccoovviieninenineeeese e 27-10
MPC855T Ethernet Parallel CAM Interface.......ocoovveieienenieeeeee e 2711
Ethernet Address Recognition FIOWChart............cceviviiinininiceee e 27-16
Ethernet Mode Register (PSMR) ......couooiiieiice e 27-20
SCC EtherNet RXBD .......cccvoieieiiiieie ettt sne st sne s e 27-21
Ethernet Recaiving USING RXBDS.........cooiiiiiiiiieieierie e 27-23
SCC EtNErNEt TXBD .....ccoiiiiiiieiieieesie sttt st s sne e 27-24
SCC Ethernet Event Register (SCCE)/Mask Register (SCCM) .....ccoovvvenvreniennene 27-25
Ethernet Interrupt EVENtS EXamMPIe.......ccvceeiiee e 27-26
Sending Transparent Frames between MPC855T ..o 28-5
SCC Transparent Receive Buffer Descriptor (RXBD) .......cccooveveieenenenencnesesieees 28-9
SCC Transparent Transmit Buffer Descriptor (TXBD) .....cccccevvevvecievierescieseens 28-11
SCC Transparent Event Register (SCCE)/Mask Register (SCCM) ......ccccvvvvvevinnne 28-12
SCC Status Register in Transparent Mode (SCCS) ......oovverereriienenesesese e 28-13
Y L@ 2 o T 1 T = PSS 29-2
SMC Mode Registers (SMCMRN) ......cuiiiiicie et 29-3
SMC MEMOIY SHUCLUIE......ccueiieetieee sttt ns 296
SMC Function Code Registers (RFCR/TFCR).......ccovieiieiece e 29-8
SMC UART Frame FOIMEL ........ccccoeieeiiieieeie et s 29-11
SMC UART RecelVE BD (RXBD)......ccoieeiieicieiee ettt 29-16
SMC UART Receiving USINg RXBDS........ccccoeiieiiieee e 29-18
SMC UART Transmit BD (TXBD) .....cccooueieieiierieie e 29-19
SMC UART Event Register (SMCE)/Mask Register (SMCM).....cccoocvvvrvreniennnne 29-20
SMC UART InterruptS EXaMPIE.......ccceieeiecieceee ettt 2921
Synchronization With SMSY NX......coiiiiiiieeeereee e 29-25
Synchronization With the TSA ... 29-26
SMC Transparent Receive BD (RXBD) .......cceevieiieiieiececeeceee e 29-28
SMC Transparent Transmit BD (TXBD) ......ccueveieniiirinereeeeeeeeee e 29-30
SMC Transparent Event Register (SMCE)/Mask Register (SMCM) .......cccevveeneene 29-31
SMC GCI Monitor Channel RXBD.........ccooiiiiiiiiiieeeeieseeseee e 29-37
SMC GCI Monitor Channel TXBD ........cceeiiiieieeeseeseere e 29-37
SMC C/l Channel RXBD........cccoiiiiriiirinineeee et 29-38
SMC C/l Channel TXBD .....ccoiiieieiesiseeee et 29-38
SMC GCI Event Register (SMCE)/Mask Register (SMCM) .....ccevevvreneneniennne 29-39
S = FoTox QD I="o | = S 30-1
Single-Master/Multi-Slave Configuration.............ccoeeeereeiieesee e 304
Multimaster ConfiQUIatioN..........cc.oiiiirerinireee e 306
SPI Mode Register (SPMODE) ......ccoiiiiiiiiniirieeeee et 30-7
SPI Transfer Format with SPMODE[CP] = 0.....coovviieienieseeeeee e 30-8
SPI Transfer Format with SPMODE[CP] = L.......oociiiiiiiiineeeeeeeeee e 30-9

MPC855T User’s Manual



Figures

Figure Page
Number Title Number
30-7 SPI Event/Mask RegIStErs (SPIE/SPIM)......cooiieiecece e 30-10
30-8 SPI Command RegiSter (SPCOM).....ccoiiiiiiniririeeesie et 30-11
30-9 Receive/Transmit Function Code Registers (RFCR/TFCR) .......ccoocevviiencenieenne 30-13
30-10 SPl MEMOIY SITUCLUIE ...ttt nneene s 30-14
30-11 SPI ReCEIVE BD (RXBD)....ccuiiiiiiieiieieiiesiesie ettt 30-15
30-12  SPI Transmit BD (TXBD) ...cuciiiiiiiicieciecieieeie e et enens 30-16
31-1 12C Controller BIOCK DIiagram.........ccccveriririeieiesiese s 31-1
31-2 12C Master/Slave General Configuration.............cccceveeveeiecieeseesee e 312
31-3 [2C TransSfer TIMING......cooveeeeeerereee e sr e b e 313
31-4 [2C Master WIte TiMiNG ......ccueeeeeieerieeiesieeieseesteeeeseesseeaesseesseeeesseenseaseessesssessenns 314
31-5 12C Master REA TIMING......couiiireiiieseeieieee ettt ens 31-5
31-6 12C Mode ReGISLEr (IZMOD).....cuiiiiirieeieeieeeeee et 316
31-7 [2C Address REQISIEr (I2ADD) .....ccuiiuiieriirieieee ettt 31-7
31-8 |2C Baud Rate Generator Register (I2BRG) .....ccveevivevieeiieciie e 31-8
31-9 12C Event/Mask Registers (I2CER/I2CMR).......ccoiiiiiininieeee s 31-8
31-10 12C Command ReGIStEr (I2COM).....ccoiiiiririeierienie st 31-9
31-11 |2C Function Code Registers (RFCR/TFCR) .....c.cooviiiiieiieceecee e 31-11
31-12  12C MEMOY SHUCKUIE. .....eeeeeeeeeeeeee e seeeseseeeseess e seeeseeeeeseees s seeesene 31-12
31-13 12C Receive Buffer DesCriptor (RXBD) ........cceviiirereneneneneeeeee e 31-13
31-14 12C Transmit Buffer Descriptor (TXBD)......cccoveieveeieceesece e 31-14
32-1 PIP BIOCK DIGQIam ...cceeeiiiieiieeee sttt st e st eesneesneenne s 322
32-2 PIP Function Code Register (PFCR).......coviiriiieeserese e 324
32-3 Status Mask RegIStEr (SMASK) ....eiieiiriniesieseseeie ettt s 32-5
32-4 Control Character Table, RCCM, and RCCR ........ooooiiiiiiiiiiiiee e 327
32-5 PIP Configuration REGIStEr (PIPC) ......ccceiieieeiereeie e 32-8
32-6 PIP Event ReQIStEr (PIPE)........coiiereceseeeee et 32-9
32-7 PIP Timing Parameters Register (PTPR) ......coviiiiirireeereeeeee s 32-10
32-8 Port B General-PUrpOSE [/O .......cuoiieieee et 32-11
32-9 PIP Tx Buffer Descriptor (TXBD)......ccoiiiiiie it 32-12
32-10 PIP Rx Buffer DesCriptor (RXBD) .......ccccueiiririeieriesiesie s 32-13
32-11 Interlocked Handshake Mode TimMiNg.........covereieneeie e 32-16
32-12 Pulsed Handshake FUll CyCle...........oooiiiiiiccece e 32-17
32-13 Pulsed Handshake BUSY SIignal ..o 32-18
32-14 PIP Transmitter Timing DIiagram........cccccvceeieeieiieeseerie e 32-19
32-15 PIP Recealver TIMING—MOAE 0........oooeeiiiiiee et 32-19
32-16 PIP Receiver TIMING—MOE L.......cooiiiiiiirieeeeere s 32-19
32-17 PIP Recaiver TIMING—MOAE 2.........coveiiieseee et 32-19
32-18 PIP Receiver TIMING—MOAE 3........cooiiiieseeeeee e 32-20
32-19 PIP Transparent TranSFErS.... ..ottt 32-20
32-20 ThePIP Centronics Interface SIgNalS ........ccceeeeiieeieiieseccie e 32-21
32-21 PIP asa CentroniCs TranSMITLES .........ccceoeeiereeeeeesee e 32-22

Figures liii



Figure
Number

32-22
33-1
33-2
33-3
33-4
335
33-6
33-7
33-8
33-9
33-10
33-11
33-12
33-13
33-14
33-15
33-16
33-17
33-18
34-1
34-2
34-3
34-4
34-5
35-1
35-2
36-1
36-2
36-3
36-4
36-5
36-6
36-7
36-8
36-9
37-1
37-2
37-3
37-4
37-5
37-6

Figures

Page

Title Number

PIP as a CentroniCS RECEIVES ........ccveiieieeeieseeieseeseesie et se e enae e sseeeeenee e 32-23
Port A Open-Drain Register (PAODR) .......ccoiiieiieie e 333
POrt A Data RegiSter (PADAT ) ..ottt s ene s 334
Port A Data Direction Register (PADIR) ......coviiiiiiiierisereeeeeee e 334
Port A Pin Assignment Register (PAPAR) ......ooveiieie e 335
Block Diagram for PA15 (True for all Non-Open-Drain Port Signals) .................... 336
Block Diagram for PA14 (True for al Open-Drain Port Signals) .........ccccocvverenee. 337
Port B Open-Drain Register (PBODR) ........ccceoieiieiiiie e 339
Port B Data Register (PBDAT) ..o 339
Port B Data Direction Register (PBDIR) .......cccovviiiiere e 33-10
Port B Pin Assignment Register (PBPAR) .........ooiieii e 33-11
Port C Data RegiSter (PCDAT) ..ottt 33-14
Port C Data Direction Register (PCDIR) ......ccccovviiieee e 33-15
Port C Pin Assignment Register (PCPAR) .........ooiieiiecic e 33-15
Port C Specia Options Register (PCSO) .......oceiiiererererenieseeie e 33-16
Port C Interrupt Control Register (PCINT)....ccoviiiieeie e 33-17
Port D Data REGISIEr (PDDAT) ..ottt sttt ens 33-18
Port D Data Direction Register (PDDIR).......cceiiririresesereseee e 33-18
Port D Pin Assignment Register (PDPAR) .....cooceiieiieeceee e 33-19

MPCB55T INEITUPL SLIUCTUIE.......eeeie et 34-2
INterrupt REQUESE MBSKING.......c.ooiririiriiitieieieee s 34-5
CPM Interrupt Configuration Register (CICR)......ccooveieiiereee e 34-7
CPM Interrupt Pending/Mask/In-Service Registers (CIPR/CIMR/CISR)................ 34-8
CPM Interrupt Vector REGISIEr (CIVR)....cc.oiiiirieieeierereseseeee e 34-9
MPC855T Application EXaMPIE.......ccceceeiiieieiiesiecie e 354
ExXpanded Cell SETUCLUME ... 357
Transmit Buffer and TXBD Table EXample .......ccccoiiiinineneeeeeee s 36-2
AALO BUFFEN SEIUCLUIE ...ttt s 36-3
Y = SO 36-3
ATM RxBD in Expanded Cell Mode (UTOPIA ONlY).....ccccvveereeienieseeieseesieeeens 364
1Y 4= 5 S 36-6
ATM TxBD in Expanded Cell Mode (UTOPIA ONlY) ... 367
Connection Tablesin Dual-port RAM and External Memory ..........cccceeeevveviecneenne. 369
Receive Connection Table (RCT) ....ocveeiiiiiece et 36-10
Transmit ConNection Table (TCT) ...ooueviieiieeeeeeee e 36-13
SAR Receive Function Code Register (SRFCR) ......ccccoeveeieeiece e 376
SAR Recelve State Register (SRSTATE) .....ccvi it 377
SAR Transmit Function Code Register (STFCR) ......occvviviririieieeesese e 378
SAR Transmit State RegiSter (STSTATE) ...oovveeeieeeeece e 378
HMASK Cell Header Mask FIeldS ........cooveirieieerecese e 37-10
FLIMASK ettt sttt et e s te s besneeneeseese e e e aeneenneenennennn 37-11

MPC855T User’s Manual



Figure
Number

37-7
37-8
38-1
38-2
38-3
38-4
38-5
39-1
39-2
39-3
39-4
39-5
40-1
40-2
40-3
40-4
40-5
41-1
41-2
41-3
42-1
42-2
42-3
42-4
42-5
42-6
42-7
42-8
43-1
43-2
43-3
43-4
43-5
43-6
43-7
43-8
43-9
43-10
43-11
43-12
43-13

Figures

Page

Title Number

APC State REgISIEr (APCST ) ..ot 37-12
Serial Cell Synchronization Status Register (ASTATUS)......ccoevvieeveece e 37-13
Address Mapping Tables for Internal Channels...........ccooeeiiiininii e 382
AJAreSS COMPIESSION ....cveuiiirieriieieie ettt s besbe b et se e e e e sseseeseenre e 384
Multi-PHY Pointing Table ENLrY .......c.cccoevieieccceee et 386
Address Mapping Tables for Multi-PHY Operations...........ccccveeeeeenenenenesennenn 387
CP Command Register (CPCR) (ATM-SPECITIC).....ccuerueriririerienieieieriesie e 38-8
APC in UTOPIA Mode—TranSmit FIOW ........cccceeeierenineneneseseeee e 39-2
Example of Single PHY and Single Serial APC Configuration.............ccccceeeeneennen. 39-8
Example of Maximum Multi-PHY and Single-Serial APC Configuration............... 39-8
APC Scheduling TabIES.......cc.ui i e 39-9
PHY TransSmit QUEUE.........cceeieeieieiesieeieeee sttt ee e se e sreeeesnee s 39-10
ATM INENTUPL QUEUE. ...ttt ettt saa e e naa e sneeas 40-1
UTOPIA Event Register (IDSR1) and Mask Register (IDMR1).......cccoecvvvriernennene. 40-2
Serial ATM Event Register (SCCE) and Mask Register (SCCM) .....cccocvvvrererennene 40-3
INLErTUPL QUEUIE ENLIY ..ottt snee s 404
Interrupt Queue Mask (IMASK) .....ooii e 40-6
Port D Pin Assignment Register (PDPAR) ......ooiiiiiineceeeeeeee e 41-1
System Clock Control Register (SCCR) .....ecvvviieriieie e 41-3
Serial ATM Mode RegIiSter (PSMR) .....cooviiiiiieieeneeie e 41-6
MPC8B55T UTOPIA INtEITACE.....ceeieiece et 42-2
UTOPIA ReceivVer Start Of Call.......ooiiiiiiiineeeees e 42-3
UTOPIA Receiver ENd Of Call.......cooiiiiiiieeeeee e 42-3
UTOPIA Transmitter Start Of Cell ........cccvvieieieieee e 424
UTOPIA Transmitter ENd Of Cell .......ccoooviririiiiiesceee e 42-5
Multi-PHY Implementation EXampPle..........ccoceiiiiiiinieeeeeee e 42-8
UTOPIA Receiver Multi-PHY EXample........cccoveieieiiiececeeeeeeeeere e 42-9
UTOPIA Transmitter Multi-PHY EXample........ccccoovieiieiececeee e 42-9
FEC BIOCK DIGOIAIM ....c..eiuiiieeiieieiesiesies sttt e e e sne e 432
Ethernet Address Recognition FIOWChart..........c.coveeveieieeie s 437
SDMA BUSATDITIELION ..ot e 43-10
ADDR_LOW REQISLEN .....ooieieiesiesiesieeeeeeeeeesiesie e saeste e esesneesesessessessessessessessens 43-15
ADDR_HIGH REGISIEN .....ueiiiiiiieiiestieeeeee et 43-16
HASH_TABLE _HIGH REQISIEN ....c.coiiiiiieeiiceeeee e 43-16
HASH _TABLE _LOW REQISEN .....ccveivecieeeeciieeeeeere sttt 43-17
R_DES START REQISIEN .....oouiiiiieiesiesie ettt 43-18
X_DES START REQISIEN ..ottt e 43-18
R BUFF_SIZE REJISIEN .....eeceeeeeie ettt enn 43-19
ECNTRL REJISIEN ....cviiieieieiieieeee ettt st st nee s 43-20
| EVENT/I_MASK REJISLEIS ...cveiviiieieeeieeieieiee ettt sse et snesnesnens 43-21
IV EC REJISIEN ...ttt sttt ettt b e nnenne s 43-22

Figures Iv



Figure
Number

43-14
43-15
43-16
43-17
43-18
43-19
43-20
43-21
43-22
43-23
43-24
43-25
43-26
43-27
44-1
44-2
44-3
44-4
44-5
44-6
44-7
44-8
44-9
44-10
44-11
44-12
44-13
44-14
44-15
44-16
44-17
44-18
44-19
44-20
44-21
44-22
44-23
45-1
45-2
45-3
45-4

Figures

Page

Title Number

R _DES ACTIVE REJISIES ......eceeeeiece ettt ens 43-23
X_DES ACTIVE REJISIES ....cuviiiiieiiiitisieniieieee ettt s 43-24
LI AN AN = o K [ G 43-25
MII_SPEED REJISLEN .....ecveceeeecieiese ettt sttt esae st sne e sneens 43-26
R_BOUND REQISEN .......eitiiiieiieieiiesie sttt sttt ee s e s sresresns 43-27
R_FSTART REJISLEN ...oviiiiceieeeieies ettt e st sneenesneens 43-29
X WMRK REQISIEN .....oocuiciieiieieie ettt sttt st snesnesresneene e 43-29
X _FSTART REJISLEN ....evieiieiieiesiesie sttt sttt 43-30
FUN_CODE REJISIES ... .ccueiieeiieieiiesiesiese st eteseeeeeesse e ssestessessesseeaessessessessessessesses 43-31
R CNTRL REJISIEN ..ottt st 43-32
R VNS I = o T = ST 43-33
D O\ I I o 1 43-34
Receive Buffer DesCriptor (RXBD) ......cccuveieiieiiecieeseeie e 43-37
Transmit Buffer Descriptor (TXBD)......cuviveiieiiiiiie e 43-39
Watchpoints and Breakpoint Support in the Core.........ccoevererieieienenesce e 44-9
Instruction Support General SIIUCLUIE ........ccvecvveeerieeie e 44-12
L oad/Store Support General SIIUCLUIE............ocveeiee i 44-13
Partially Supported Watchpoints/Breakpoint Example..........ccccooeveninincncnenene. 4417
Functional Diagram of the MPC855T Debug Mode Support..........ccccveeeeveeriennnene. 44-20
Debug Mode LOGIC DIAQIram .......c.coeeieeieniesieeie et 44-21
Debug Mode Reset Configuration Timing Diagram..........ccocceceevevenenenenenenennes 44-22
Development Port/BDM Connector Pinout Options.............ccceveeieeveeieseesiesnenn 4427
Asynchronous Clocked Serial COMMUNICALIONS.........ccoeereerieeeereeee e 4429
Synchronous Self-Clocked Serial COmMMUNICALIONS..........ccovrveerereeiereneseeenenes 44-30
Enabling Clock Mode after RESEL .........cceceevieieceeseee e 44-30
Download Procedure Code EXamPIe.........coeririeieninenesereeeeeeee s 44-35
Fast and Slow Download Procedure LOOPS .........ccererererereninieeniese e 44-35
Comparator A-—D Value Register (CMPA—CMPD)......cccooviieveeieceesececeecee 44-38
Comparator E—F Value Registers (CMPE—CMPF) ... 44-38
Comparator G-H Value Registers (CMPG—CMPH).......ccccooevieeiviere e 44-39
Breakpoint Address Register (BAR) ....cooveeiiiiiece sttt 44-39
Instruction Support Control Register (ICTRL) ...cc.ooeiiiiiiseeeeeeeeeee e 44-40
L oad/Store Support Comparators Control Register (LCTRLL)......ccccvecvevverieenee. 4441
L oad/Store Support AND-OR Control Register (LCTRL2) ......ccceevvevvveieeiieeienne 4442
Breakpoint Counter Value and Control Registers (COUNTA/COUNTB).............. 44-45
Interrupt Cause REGISLEN (ICR) ....c..eovieeieeseee e 4446
Debug Enable Register (DER) .....ccvv ittt 4447
Test LOQIC BIOCK DIBGIaM ......c.coviiiieriisiesiesieeee ettt 452
TAP Controller State MaChine...........coovviiiriieee s 45-3
Output Signal Boundary Scan Cell (Output Cell).......coooeriieriiniiieeieeeeee e 454
Observe-Only Input Signal Boundary Scan Cell (Input Cell) ..o 454

MPC855T User’s Manual



Figure
Number

45-5
45-6
45-7
A-1
A-2
A-3
E-1

E-3

Figures

Page

Title Number

Input/Output Control Boundary Scan Cell (1/0 Control Cell)........cccocevireninenenne. 455
Bidirectional (1/0) Signal Boundary Scan Cell ...........cccoveviieieeie e 455
BYPASS REJISIEN ...ttt e e e na e 457
TLE MOOE MEChANISIMS. ......ocueieieieee et A-3
BYLE SWAPPDING ...veveeeeeie ettt ettt sa e b e et e ra e b e e eesaeenreennens A4
MOD-LE MOde MECNANISIMS.......cooieiiiieiiieiie ettt sne e A7
ATM Cell Payload Scrambling Mechanism ... E-1
Serial ATM RECEIVE PrOCEAUIE ........ooirieiiesiieieeeeie ettt E-2
Cell Delineation State DIagraim .........cccooeeeririreeieeerie et sne e E-3

Figures Ivii



Figures

Figure Page
Number Title Number

MPC855T User’s Manual



Tables

Table Page
Number Title Number
2-1 MPC855T Internal MemOory Map ........cceeieeieieeieeee e se et ee e e 2-1
31 Static BranCh PrediCtion..........ooo ot 39
3-2 Bus Cycles Needed for Single-Register Load/Store ACCESSES.........cccvverererieriennenn. 3-14
33 UISA-LEVEl FEALUMES......cueiiieiieeeie ettt 3-16
34 VEA-LEVEl FEALUIES......c.eeoeeeiectee ettt st 317
35 OEA-LEVEl FEAIUIES........coiteeeeeieeieeiesteesie e s e e e ste e ae e sae e e sseeseesseesseeneenneenees 3-18
4-1 User-Level POWEIPC REQISLEIS.....cccvcuicieiecie ettt st ne e 4-2
4-2 User-Level POWEIPC SPRS.......coiiiiiniesieeie et 4-2
4-3 Bit Settingsfor CRO Field Of CR.......cooiiiiiieceeee e 4-3
4-4 XER Field DEfINITIONS......cccoiiiiiiesise et 44
4-5 Supervisor-Level POWErPC REQISIEIS ......couiiiieieierierese s 4-5
4-6 Supervisor-Level POWEIPC SPRS ..o 4-5
4-7 Vaue Summary of the DAR, BAR, and DSISR RegiSters.........cccovvvieeiieiiieiieciens 4-6
4-8 MSR Field DESCIIPLIONS. ......ciueeieeieieie sttt sn e ene e 47
4-9 MPC855T-Specific SUpervisor-Level SPRS...........cccveieie e 4-9
4-10 MPC855T-Specific Debug-LEVEl SPRS ........ccovoiieeceeceseesee e 4-10
4-11 Addresses of SPRs Located Outside of the COre.........ccocovevenerieienieiesesesee e 4-11
51 Y= 10 YA @ o< =0T U 5-2
5-2 Integer Arithmetic INSITUCHIONS ........oouiiiiiece e 58
5-3 Integer COMPEAre INSLIUCLIONS........c..ooiiererieieie et 5-10
5-4 Integer LOgiCal INSLIUCLIONS .........ocueeieiiesieeie ettt 5-10
55 INteger ROtAtE INSIIUCLIONS ..........coiieieiiesiceie ettt 5-11
5-6 Integer Shift INSITUCHIONS.........ooiiiiiere s 5-11
57 INteger LOad INSLIUCLIONS ......c..ocueeiiieie ettt 5-12
5-8 INteger SLOre INSITUCTIONS......c..iieeieeeie ettt 5-14
59 Integer Load and Store with Byte-Reverse INStructions ...........ccceeeeenenencncnennns 5-15
5-10 Integer Load and Store Multiple INStructions...........cccceeivevecceeveccie e 5-15
5-11 Integer Load and Store String INSEIUCLIONS .........coueiirirenineeeeee e 5-15
5-12 BranCh INSLIUCLIONS ........oeieieeie ettt e et esseeeesneenneeneeas 5-17
5-13 Condition Register Logical INSITUCLIONS .......ccuocveiieiiiieieese e 5-17
5-14 TraP INSITUCTIONS ...ttt bbb 5-18
5-15 Move to/from Condition Register INSIrUCLIONS ........c.cooveveerereeriee e 5-18
5-16 Memory Synchronization INStructions—UISA ... 5-19
5-17 Move from Time Base INSIIUCHION ........coovieieeeeee e 5-21
5-18 Memory Synchronization INStruCtioNS—VEA ... 5-21

Tables Ixxiii



Table
Number

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

7-4
7-5

-7
7-8

7-10
7-11
8-1
8-2
8-3

8-5
8-6

Tables

Page

Title Number

User-Level Cache INSIIUCLIONS.........coovieerieie e sne e 5-23
System Linkage INSITUCLIONS..........ooveieciecieesie e 5-23
Move to/from Machine State Register INSIrUCLIONS .........covevirieiene e 5-24
Move to/from Special-Purpose Register INSIrUCLIONS ........cocceeeeeeereenenese e 5-24
Offset of First Instruction by EXCEPtioN TYPE.......ccveveeeerieeieiee et steesee e 62
Instruction-Related Exception Detection Order ...........ocvvvereeeeieeienene e 64
EXCEPLION PHIOITY ..ottt s 64
Register Settings after a System Reset Interrupt EXception...........ccovveveeceeveecieceenee. 6-5
Register Settings after a Machine Check Interrupt EXCeption...........ccocevevevenenennens 6-5
Register Settings after an External INermupt..........coccvveeverceseese e 6—7
Register Settings after an Alignment EXCEPLION ..........cccvveieeiiieeiie e 6-8
Register Settings after a Program EXCEPLION ..........cccooeiireninenieeeeeesee e 69
Register Settings after a Decrementer EXCEPLION...........cocveveeceeveere e 6-10
Register Settings after a System Call EXCEPLION.........cocvveveeiieiiie e 6-11
Register Settings after a Trace EXCEPLION ........ccovevveririeiireneeeeeeee e 6-11
Register Settings after a Software Emulation EXCeption ...........cccccveceveevieciieseennen, 6-12
Register Settings after an Instruction TLB Miss EXCEption..........ccccveveevieeiieevinenne 6-13
Register Settings after aData TLB MiSS EXCEPION .....c.oveveeeiieieicerie e 6-13
Register Settings after an Instruction TLB Error EXCeption.........cccccceveevecieeceennene 6-14
Register Settings after aData TLB Error EXCEption..........ccceveereenerieneeneneeseeeans 6-15
Register Settings after a Debug EXCEPLioN.........ccooiiiiirineneeee e 6-15
Additional SPRsthat AffecCt MSR BItS........ccooiiiiiiiiiere e 6-18
(o= o (0] o [ = o Tos YRS 6-19

Before and After EXCEPLIONS..........ooiiirerieiineeee ettt 6—20
Instruction Cache Control and Status Register—IC _CST ......ccoovveeveeveveenece e 7-7
Instruction Cache Address Register—IC_ADR ...t 7-8
Instruction Cache Data Port Register—IC _DAT ......ooviiiinereeeeee e 7-8
IC_ADR Fields for Cache Read Commands............cccoeevveieerieeiieieesie e 7-9
IC_DAT Format for aTag Read (IC_ADR[18] = 0) ...ccceviririiririeeeresiesee e 7-9
Data Cache Control and Status Register—DC _CST .......ccoceveeveerececeere e seeeens 7-12
Data Cache Address RegiSter—DC _ADR ......ccoo it 7-14
Data Cache Data Port RegiSter—DC _DAT ......cooviiiiiieeereeeeeeee e 7-14
DC_ADR Fields for Cache Read Commands..........cccccceveevieieeneeresieeseesie e 7-14
DC_DAT Format for aTag Read (DC_ADR[18] = 0) ..cccccvrvrererieieriesieniesiesieneenne 7-15
Copyback Buffer Select Field (DC_ADR[21-27]) ENcoding..........cccceeererererennnns 7-15
Identical Entries Required in Level-One/Level-Two Tables........ccceevvevvcienieenee 8-11
Number of Replaced EA BitSper Page SIZe.......cccooceeiiicvieece e 8-13
Level-One Segment DesCriptor FOIMEL ..........cceeeieererienineneeeseeee e 8-13
Level-Two (Page) DesCriptor FOIMEL...........coveveieerieeieceesiesee e eee e 8-14
Page SIZe SEIECHION ... e 8-15
MPCB55T-SPeCIfiC MMU SPRS........cciiicicieeeceerie et 8-15

MPC855T User’s Manual



Table
Number

8-7

8-8

8-9

8-10
8-11
8-12
8-13
8-14
8-15
8-16
8-17
8-18
8-19
8-20
8-21
8-22
8-23

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

Tables

Page

Title Number

MI_CTR Field DESCIIPLIONS.......coveieriesiesiesiisieeee ettt 8-17
MD_CTR Field DESCIIPLIONS. ...ccueeiiieieceesieeite ettt sne e 8-18
MX_EPN Field DESCIPIIONS......ciiiiiieieeeesiee ettt s 8-19
MI_TWC Field DESCIHIPLIONS .....couveieieiesiesiesieeee et 8-19
MD_TWC Field DESCIIPLIONS. .....cciueeieeeeciecite et ete ettt e e enne 8-20
MI_RPN Field DESCIIPLIONS.......ccviieieiterieeiieie et 822
MD_RPN Field DESCIPLIONS......ceiiiiiiieriesiesieeeeee et 8-23
M_TWB Field DESCIIPLIONS......ccueeiueeieceecieeite et eie et sre e ne e e sneenne s 8-24
M_CASID Field DESCIIPLIONS........couiriirreriieiirieeeeiee ettt 8-25
MI_AP/MD_AP Field DESCIIPLIONS.......cciieierieieeieeeesieeseeseesseesaesaesseessesseesseesens 8-25
MI_CAM Field DESCIPLIONS ......cecveeiieeiieeitie sttt st 8-26
MI_RAMO Field DESCIHPLIONS ..ottt 827
MI_RAMIL Field DESCIIPLIONS ......ccveeieeeesieeie e steete e te e s sre e seesesnnesneenne s 8-28
MD_CAM Field DESCIIPLIONS......cccueeiiieiieeiie et siee et e et sre e 8-29
MD_RAMO Field DESCIPLIONS......cuoiiiieriiniirieeeee et 8-31
MD_RAML Field DESCIIPLIONS......c.eciueeeeeieeiiecee st eieeee e ae e sreeee e sne e 8-32
MPCB855T-SpeCific MMU EXCEPLIONS.......ccueciieiiecieeciee et 8-33
INStruction EXECULION THMING........oiiieriiinieeieeie et 9-6
Load/Store INStruCtioNS TIMING ....cc.eeveeeereeieseeseeee s esie e e sae e sre e e e sseeaesneeneas 9-38
MUItIPIEXING CONLIOL ......ceiiieeieeie ettt b et sae e 104
MMR Feld DESCIHPLIONS .....ccueeiieieiesiesie sttt 10-5
SIUMCR Feld DESCIIPLIONS......ccueeiieeie ettt ettt e e e 10-6
SYPCR FIeld DESCIIPLIONS.......c.coiiiierieeieeiesiee e eee st see e eessee e e sneeeas 10-8
TESR Field DESCIIPLIONS ....c.eeiuieiieiesiesiesie sttt 10-9
KEY REJISIEIS ...ttt sttt e e s aeenesneesreenneenne e 10-10
Priority of SIU INtEITUPt SOUICES.........coiiieiieieicieerese s 10-13
IRQO Versus IRQX OPEIaLioN ........c.cocveruereereeirsieseeeeseesseeeesseessessessseessessessseesees 10-14
SIPEND Field DESCIIPLIONS ......cccvecieieiecieeie ettt 10-15
SIMASK Field DESCIIPLIONS........couiiiiierieeiieieee ettt 10-17
SIEL Field DESCIPLIONS......ccviiieiieeieeiesieeieseesreeseesee e eaesseesseeaesseesseeneesneesseensens 10-18
SIVEC Field DESCIPLIONS......cveeiieeieeciecstie ettt see st ste et sneesne e 10-18
SWSR Field DESCIPLIONS ......cuviiiieiisiesieeie et 10-22
Decrementer TIMEOUL VAIUES .........ccoiiiiiiririeieese st 10-22
DEC Field DESCIPLIONS .....ceiiieiiecie ettt see et ee e see et s e s neesneeenaens 10-23
TBU Field DESCIIPLIONS ......ccueeuieieiisiesiesie sttt sne e 10-24
TBL Field DESCIIPLIONS.....cveciiceecieeie ettt eeneens 10-24
TBREFA/TBREFB Field DESCIPLIONS.....cc.ccieieieiesiesie st enens 10-25
TBSCR Field DESCIIPLIONS.....ccuciiieeiesiestesiesiesieeee et s sne e 10-26
RTCSC Field DESCIIPLIONS.....c..ccveiiieiieeieceeste e seesteesee e ste e e e e eae e e sreeeeenee e 10-27
RTC Feld DESCIIPLION ......eevieieeie ittt s 10-28
RTCAL Field DESCITPLIONS ...ttt 10-29

Tables Ixxv



Table
Number

10-23
10-24
10-25
10-26
11-1
11-2
11-3
12-1
12-2
12-3
12-4
12-5
13-1
13-2
13-3
13-4
13-5
13-6
14-1
14-2
14-3
14-4
14-5
14-6
14-7
14-8
14-9
14-10
151
15-2
15-3
15-4
15-5
15-6
15-7
15-8
15-9
15-10
15-11
15-12
15-13

Tables

Page

Title Number

RTSEC Field DESCIIPLONS. .....cceiieeeiesiesieeieeieeee ettt 10-30
PISCR Field DESCIIPLIONS......ccitieieiieesiecie e st sre et nne e sreene e 10-31
PITC Field DESCIIPLIONS......c.eeiieeieiiiesieeie sttt sre e 10-32
PITR Field DESCIIPLIONS.......ceeiieieiesie sttt st 10-33
MPCB55T RESEL RESPONSES........ceueerierieiiesiestisieseeee e seeste et sse e eesseseesaessessessens 11-1
Reset Status Register Bit SEIiNGS........coviiririeieieeeseses e 11-6
Hard Reset Configuration Word Field DesCriptions ...........c.cceveeerenenenenesesiennes 11-10
S o D<o ] o1 o 1SS 12-5
Configuration-Dependent Signal Behavior during ReSet...........ooveeveieicncicnieeene 12-21
Active Pull-Up Resistors Enabled as QULPULS..........cccoereereeriecieeseese e 12-23
TCK/DSCK and TDI/DSDI Connection Based on MPC860 Revision.................. 12-25
General Signal Behavior during RESEL ..o 12-25
MPCB55T SIgNal OVEINVIEW .....ceeeeieciecee sttt ae e eae et aesneesneennens 13-3
Data Bus Requirements for Read CyCleS.........ccooeiiiiviecie e 13-26
Data Bus Contents for Write CyClES.......oouiiriiieeieeeee e 13-27
BURST/TSIZ ENCOUING ....ccutiuiiieiesiesiesie sttt e 13-32
Address TYPes DEfiNItION .........ccviiii i 13-33
Termination SIgNalS ProtOCOI ...........cooiiiiiiiiieeees e 1344
Power-On Reset SPLL Configuration..........ccceceeieeeeeieseese s 147
XFC Capacitor Values Based on PLPRCR[MF] .......ooiiiiiiiiieeceee e 14-8
Functionality Summary of the ClOCKS .........cceeriiiiiiireree e 149
PITRTCLK Configuration a PORESET ........cccccooiiiiininereneeeeese s 14-16
TMBCLK CONfIQUIELION......cceiieieiieie ettt 14-16
MPC855T Modules vs. POWErN RalS.........cceiieeiiiereee e 14-17
MPCB55T LOW-POWEr MOUES .......ccueieiierieniiriieieie ettt s 14-19
SCCR Field DESCIIPLIONS.......ceiiiieiiitinieeie ettt 14-30
PLPRCR Field DESCIIPLIONS .......coveieciecie sttt 14-32
PLPRCR[CSR] and DER[CHSTPE] Bit Combinations...........ccceeerereresesernennes 14-33
Memory Controller REgIStEr USAgE ........ccviirerieeeieriesiese st 156
Access Granularities for Predefined POrt SIzes..........cocovvevininincciecnec e 15-8
BRX FIeld DESCIPLIONS. ... .coiiiiiiecie ettt e e e s e enaens 1510
ORX Field DESCIIPLIONS. ...ttt 15-12
MSTAT Field DESCIIPLIONS.....c..eccieiierieeie e seeteseesreeee e sre e ae e e nae e sreeseenee e 15-13
MXMR FIeld DESCIIPLIONS .....cecvieiieeiee ettt s e e enae s 15-14
MCR Field DESCIIPLIONS ..ottt 15-16
MDR Field DESCIIPLIONS.......cciiiieieesieeie e st see s e see et se e e e sreeeeenee s 15-17
MAR Field DESCIPLION. ... .cciieetieeieeeiee sttt e sttt e e e et sreeeaeesneeeneens 1518
MPTPR FIeld DESCIPLIONS .....coueeiiieriesiesiesiesie et 15-18
GPCM Strobe Signal BENAVIOF .........c.cccveiieiecee e 15-19
Boot Bank Field Values after RESEL..........cceeiiriiniiseeeeee e 15-31
UPM Start AdAreSS LOCALIONS..........ccvieriereerieeieseeseeseeseesseessesseesseessessessseessessessns 15-39

MPC855T User’s Manual



Tables

Table Page
Number Title Number
15-14 RAM WOId Bit SEINGS.....c.eeeeeeieiesiesie sttt 1540
15-15 ENabling BYte-SEIECES........ooceeece e e 1544
15-16 GPL_X5 Signal BENAVION .......cceiiiiieeeee e 1546
15-17 MXMR LOOP FIEld USAQE ...ttt 1547
15-18  AddresS MUItIPIEXING.....cueieeireeie ettt nne e eaeenas 1548
15-19 AMA/AMB Definition for DRAM INterface........ccooeveveneenenieseece e 1549
15-20 UPMA REQISLEr SELLINGS......ecieieieiiece ettt reeneens 15-66
15-21 UPMB REQISIEr SEINGS .....veeeeieieiiesiesie sttt 15-78
16-1 PCMCIA Cycle Control SIgnalS.........ccoevieirieieieeesesese e 16-3
16-2 PCMCIA INPUL POrt SIgNEIS ....veeeeiieiecieseesie et enne s 164
16-3 PCMCIA Output POrt SIgNalS........ccoiiiiiiiiiieciee et 16-5
16-4 Other PCMCIA SIGNEAIS .....ooiiiiieiieiesieniee st 16-5
16-5 Host Programming for Memory Cards........cccoeveveeieeieeseese s e see e 166
16-6 Host Programming FOr 1/O Cards.........cccceiiiiiieiie et 166
16-7 PCMCIA REJISIEIS. ...ttt sttt e s e b sre e 16-8
16-8 PIPR FIeld DESCIIPLIONS.....cc.eciieiieiteeie et esie st ete et sre e eae e e sreeeesneesneennens 16-9
16-9 PSCR Field DESCIIPLIONS .......veiiieiie ettt e e e et s e e e sneeeneens 16-10
16-10 PER Field DESCIIPLIONS. ....ccceiiiieieiesie sttt 16-12
16-11 PGCRX FIeld DESCIIPLIONS.....c..ccveieiesieeiecieeste e see st eae e steese e e ese e e sreene e e 16-13
16-12 PBR FIeld DESCIIPLIONS......ccueeierieiiiesieeie sttt 16-14
16-13 POR Field DESCIIPLIONS .......couiiiiieiesie sttt 16-15
17-1 TGCR Field DESCIIPLIONS......ccueiieiieeieeee ettt ee sttt e et enesneesreennens 17-8
17-2 TMRI-TMR4 Field DESCIPLIONS. .....coieieieeierieeie et 179
17-3 TER Field DESCIIPLIONS.......cciiiiiisie sttt 17-13
18-1 Peripheral PrioritiZalion ..........cccccueieeieeee ettt ene 18-2
18-2 CP Microcode ReviSion NUMDES ........ccoiiiiiieeeeeree e 18-3
18-3 RCCR Field DESCIIPLIONS.....cc.cieeiiiesiesiesiesie sttt 184
18-4 RMDS Field DESCIIPLIONS......ccueieeiieeieceecteesie ettt ne e sneenne s 186
18-5 CPCR Field DESCIIPLIONS. .....cueiieeieeieiesie sttt sne e en e snesnesneas 186
18-6 CP COMIMANGS.......eiueiiiiesiestesie sttt st sttt ne et sb et sb e st se e e e s e neesbesbesbenreas 18-7
18-7 GENEral BD SHIUCLUIE.......oveiieeiieieee ettt st 18-11
18-8 Parameter RAM MemOry Map .......oooeoiiiiiieie e 1811
18-9 12C and SPI Parameter RAM REOCALON.........ccoiirieriiinesireeeeesie e 18-12
18-10 RISC Timer Table Parameter RAM Memory Map .......cccoccveveeiieeniie e csiee e 18-14
18-11  TM_CMD Field DESCIIPLIONS.....c.coiuiiiieeriisiieieeie ettt 18-15
18-12 PWM Channel PIN ASSIGNMENLS.......cccooiiiieiieie e 18-16
19-1 U-BUSATDITralioN IDS.......coiuiiieiiesieeieeeesiee ettt 19-2
19-2 SDCR Bil SELLINGS ....eveeeeeieeieiesiesiesie sttt n st saesne e 194
19-3 SDSR Field DESCIIPLIONS .....c..eeieiieecieeie ettt esneens 19-5
19-4 IDMA Parameter RAM MeMOrY Map........coocuiiiiiieiiieiieee e 197
19-5 DCMR Field DESCIIPLIONS ...ttt st s sne e 19-8

Tables [xxvii



Table
Number

19-6
19-7
19-8
19-9
19-10
20-1
20-2
20-3
20-4
20-5
20-6
20-7
20-8
20-9
20-10
20-11
21-1
21-2
21-3
21-4
21-5
21-6
21-7
21-8
22-1
22-2
22-3
22-4
22-5
22-6
22-7
22-8
22-9
22-10
22-11
22-12
22-13
22-14
23-1
23-2
23-3

Tables

Page

Title Number

IDSRL/IDSR2 Field DESCIIPLIONS.......ciueeieriieiieee ettt 19-9
IDMA BD Status and Control BilS........ccceeeiieiierienenise s 19-11
SFCR and DFCR Field DESCIPLIONS .......ccceiieieeiiseesieeie e 19-12
Single-Buffer Mode IDMA1 Parameter RAM Map ......cocoovvirieieenenenenesesieeie 19-20
DCMR Field Descriptions (Single-Buffer MOde)........c.ccocevveveeceieccece e 19-20
LIRS TN o 7= S 206
SIRAM Field DESCIIPLIONS.......coiiiieiisiesiesiieeeie ettt 2011
SIGMR Field DESCIIPLIONS........cccuieieieeciecie sttt 20-13
SIMODE Field DESCIPLIONS.....c.eitiiiiterieeieeeeeesiesse e sne e 20-14
SICR Field DESCIIPLIONS .....ecveiiieiieeieeiesieeie st steeee et eee e saeeaesseesseeeesneesseeneens 20-19
SICMR Field DESCIIPLIONS. ......veeiiieiiecie ettt st sae e 20-20
SISTR Field DESCIIPLIONS ...t 20-20
SIRP Field DESCIIPLIONS......ccviiiieitieieeeesie e seesteesee e ste e e sseeae e e sreeaesneesneennens 20-21
SIRP POINLEN VAIUES ..ottt 20-22
BRGCN Field DESCIIPLIONS ...ttt 20-26
Typical Baud Rates for Asynchronous CommuniCation ............cccceeeveveeneeceeseeene. 20-28
GSMR_H Field DESCIPLIONS. ......veeiieeieeiie ettt sttt e et e e sneeene e 214
GSMR_L Field DESCIIPLIONS ..ottt s 217
TODR Field DESCIIPLIONS ....ecuvecveeieeie ettt e et eene e 21-11
SCC Parameter RAM Map for All ProtOCOIS.........ccooeiirienieneee e 21-14
RFCR /TFCR Field DESCIIPLIONS......ccuiitiiiieirieeieieie st 21-16
SCCx Event, Mask, and StatUS REQISIEN'S ........ccvveiieiieiececeeceee e 21-17
Preamble REQUITEMENTS ........coiiie et 21-24
D I I oo ] o S 21-25
UART-Specific SCC Parameter RAM Memory Map .......ccooeveeveeveeeeseesie e s 224
TranSMit COMIMANGS........coiieiiiiere et esre et e e reeeeenee e 22-6
RECEIVE COMIMANGS.....c.uieeeiieeieeiesieeteeee e esteseeste e eeste e e sseesseeseeseesseesesseesseensens 22-6
Control Character Table, RCCM, and RCCR Descriptions...........ccceecevveevveeieecveenne. 22-8
TOSEQ FIeld DESCIIPLIONS ...ttt sttt sne e 22-10
DSR FieldS DESCIIPLIONS. ......cciieeieieeesieeiesteesteeeseesteeeeseesseesesseesseesesseesseeeesneens 22-11
TraNSMISSION ETTOIS ..ottt st s 22-12
RECEPLION EITOIS ... 22-12
PSMR UART Field DESCIPLIONS......ccveieeiesieeieseesieeie et esie e sae e sse e 22-13
SCC UART RxBD Status and Control Field Descriptions..........cccceecveeiieciveesinene 22-18
SCC UART TxBD Status and Control Field DesCriptions............ccceeerereneriennenn 22-19
SCCE/SCCM Field Descriptions for UART MOGE..........ccceveeveeieeieeieeiee e 22-22
UART SCCS Field DESCIIPLIONS......ccceeiieiiie et ce et see et sneesnae s 22-23
UART Control Charactersfor S-Records Example ... 22-25
HDL C-Specific SCC Parameter RAM Memory Map........cccveveeveeveeceeseesieseeseenens 234
TranSMit COMIMANGS........coiiiieiieie et b e e b ee e 23-5
RECEIVE COMIMANGS ......vveeeeieeieeiesteeie et e et e et ae s e sseeaesseesseesesseenneennens 23-6

MPC855T User’s Manual



Tables

Table Page
Number Title Number
23-4 = S 0T = 0] 23-6
23-5 RECEIVE ETTOIS.......eiiiieiieetieeee ettt sttt ettt na et e nne e 23-7
23-6 PSMR HDLC Field DESCIPLIONS.....ccuiieeieeiesieesieeie et enee s 23-8
23-7 SCC HDLC RxBD Status and Control Field DesCriptions...........ccccooerereneresennens 23-9
23-8 SCC HDLC TxBD Status and Control Field Descriptions...........ccccccvecveceerieennene. 23-12
23-9 SCCE/SCCM Field DESCIIPLIONS.......ccueiiiriieieeieieiesiesie st 23-13
23-10 HDLC SCCS Field DESCIIPLIONS.......ccuiiteriirierierieiesiesie st 23-15
25-1 Asynchronous HDL C-Specific SCC Parameter RAM

MEMOTY M@ ...t 25-5
25-2 Asynchronous HDL C-Specific GSMR Field DesCriptions..........cccceecevvevesieeseennnns 257
25-3 TranSMit COMIMANGS........coiuiriirieie et re e sae e 25-8
25-4 RECEIVE COMIMANGS.......eoiiieiieieeiiesie ettt ee e reeneeneesneees 25-8
25-5 TrANSMIT EFTOIS ..ottt bbbttt a bbb nrenns 25-8
25-6 RECEIVE ETOIS.....ceiiiieieee ettt sttt et saeesneenne s 259
25-7 SCCE/SCCM Field DESCIIPLIONS........ccuiiierieeieeieieie sttt 25-10
25-8 Asynchronous HDLC SCCS Field DeSCIiptions ........ccccoveveeveeieeseeiieseeseees e 25-11
25-9 PSMR Field DESCIIPLIONS.......cecitieiieeiie ettt e e see et s e s e sneeeneea 25-11
25-10  Asynchronous HDLC RxBD Status and Control Field

D15 o ] oo S 25-12
25-11  Asynchronous HDLC TxBD Status and Control Field

D= ot T o] 10] TSSO PT PPN 25-13
26-1 SCC BISYNC Parameter RAM MemOry Map .......cooerereneneneneneeeesiesie e seeseesnens 264
26-2 TranSMit COMIMANGS........coiiiieiiere et a e e s reeeeenee e 26-5
26-3 RECEIVE COMIMANGS.......eiieeiteeieeiesieesieeee e e ste e ste e eesteeeesseesseesesseesseesesseesseensens 26-5
26-4 Control Character Table and RCCM Field DesCriptions ..........ccccceveeveeceeseeieeceene. 267
26-5 BSYNC Field DESCIIPLIONS......c.ceeiieieieriesieeie et 26-8
26-6 BDLE Field DESCIIPLIONS........coieieiiriesie ettt 26-8
26-7 Receiver SYNC Pattern Lengths of the DSR.........ccoviieiieiiceceeceeeeeee 26-9
26-8 = 0 T = 0] £ 269
26-9 RECEIVE ETTOIS.......eoiiiisiestee et bbbttt b 26-10
26-10 PSMR Field DESCIILIONS.......cociiieiieciee ettt sreeenee s 26-11
26-11 SCC BISYNC RxBD Status and Control Field Descriptions...........cccoerererennne 26-13
26-12 SCC BISYNC TxBD Status and Control Field Descriptions..........cccocevvvevereennnns 26-14
26-13 SCCE/SCCM Field DESCIPLIONS......ueeivieiiieeieeitee e esieesreesreesseesres e sseesnee s 26-16
26-14  SCCSFIield DESCIIPLIONS ......ceveiiieriesieriesieeee e e re e ene e 26-16
26-15 CONLrOl CRArBCLENS ....c.eeieiesteeee ettt a bbb 26-17
27-1 SCC Ethernet Parameter RAM MemOory Map ......ccccveveviieeiiecciee e 27-12
27-2 TranSMIt COMMANGS........eeieeieeierieerie et re et e e reete e e sseenseeneesseenees 27-15
27-3 RECEIVE COMMANGS........oiuiiiiiiiierie ettt 27-15
27-4 TraNSMISSION EXTOIS ...ttt s 27-19
27-5 RECEPLION EITOIS ... 27-19

Tables Ixxix



Table
Number

27-6
27-7
27-8
27-9
28-1
28-2
28-3
28-4
28-5
28-6
28-7

28-8

28-9
28-10
29-1
29-2
29-3
29-4
29-5
29-6
29-7
29-8
29-9
29-10
29-11
29-12
29-13
29-14
29-15
29-16
29-17
29-18
29-19
29-20
29-21
29-22
29-23
30-1
30-2

Tables

Page
Title Number
PSMR Field DESCIIPLIONS.....ccucieiieieriesiesie sttt be s 27-20
SCC Ethernet RxBD Status and Control Field Descriptions..........ccccoveveveerieennene. 2721
SCC Ethernet TxBD Status and Control Field Descriptions............ccoveeverceeneennnns 27-24
SCCE/SCCM Field DESCIIPLIONS........ccuiiieriiriieieieiesie et 27-25
Receiver SYNC Pattern Lengths of the DSR.........ccov i 28-3
SCC Transparent Parameter RAM Memory Map........cccvcvevieiinecnieieneeseeee e 28-7
TranSMIit COMMANGS........ceiieieeeereeeseese e se e sae e etesseesseeseeseesreeseeneees 28—7
RECEIVE COMIMANGS........eiviriieiieieierie sttt e et st saesre s 28-8
= 0 0T 0] £ 28-8
RECEIVE ETTOIS.......eiiiiesieetee ettt bbbttt ettt b 28-9
SCC Transparent RxBD Status
and Control Field DESCIIPLIONS .........ooeiiririeieeeree et 28-10
SCC Transparent Tx BD Status
and Control Field DESCIPLIONS ........ccccuieieeiieciie et 28-11
SCCE/SCCM Field DESCIIPLIONS........ccuiiierieeieeieieie sttt 28-13
S OO 1= o [l D= o ] o1 o] S S SSS 28-14
SMCMR Field DESCIIPLIONS......cccuieiiieitieiie et st ee et sae e reesneeereens 29-3
SMC UART and Transparent Parameter RAM Memory Map ........ccccvevvrenenennene 297
RFCR/TFCR Field DESCIIPLIONS......cciuiiieiiieie ettt sttt sne e 29-8
SMC UART-Specific Parameter RAM Memory Map.......cccoeeveerenennieeneeseesieeneens 29-12
TranSMit COMIMANGS........eeieeieeeereeriesee s see e ste e sreesee e e reeteeneesseenseeneenseenees 29-14
RECEIVE COMIMANGS........oitiiiiiiieieie ettt 29-14
SIMC UART ETTOFS...eiieiieeee ettt sttt ne e be e s e sseesaee e eneeenes 29-15
SMC UART RxBD Status and Control Field DesCriptions..........cccccoeverenenennene 29-16
SMC UART TxBD Status and Control Field Descriptions..........cccccevvececeenieennene. 29-19
SMCE/SMCM Field DESCIIPLIONS ........ciueeiieieeieieiesiesie sttt 29-20
SMC Transparent Transmit COMMANGS..........ccevererereneneneeee e 29-27
SMC Transparent Receive COmMMAaNGS ..........ccccveieeieeiieerie e 29-27
SMC Transparent Error ConditionS...........cceceeieerererenineseseeeeee e 29-28
SMC Transparent RXBD Field DESCIPLONS........ccoviveereeresieseese e sieesee e saeeeens 29-29
SMC Transparent TXBD Field DeSCIPtioNS.........cccvevieiiveeiie e 29-30
SMCE/SMCM Field DESCIIPLONS ........ciueiieeiieieieie ettt 29-31
SMC GCI Parameter RAM Memory Map ......ccccueeiieerniieeiieeesieesee e 29-35
SMC GCl COMMANGS......ccuiiiiriierieeieeie ettt s e st be e saeesaeeneeas 29-36
SMC Monitor Channel RXBD Field DESCIPLiONS.........covverererieeieneniesesee e 29-37
SMC Monitor Channel TXBD Field DeSCriptions ...........ccoeeveveeiesieeseenieseeseenens 29-37
SMC C/I Channel RXBD Field DesCriptions..........cooiieiieeiiecciecsie e 29-38
SMC C/I Channel TXBD Field DESCIIPLIONS ........ccerieriirierieniinieeeie e 29-39
SMCE/SMCM Field DESCIIPLIONS .....c.cecueeieeiecieciieseesieesee et 29-39
SPMODE Field DESCIIPLIONS.....ccuiiiieiieiesiesieeie et eas 307
EXamMPIe CONVENLIONS ..ot 30-9

MPC855T User’s Manual



Tables

Table Page
Number Title Number
30-3 SPIE/SPIM Field DESCITPLIONS.......ceiviitirieeiieieee et 30-10
30-4 SPCOM Field DESCIIPLIONS.......cciuicieieee ettt s ee et 30-11
30-5 SPI Parameter RAM MemOry Map.........cooieiiiiiieiieenee e 30-11
30-6 RFCR/TFCR Field DESCIPLIONS.......cciiieriieiirieeieienee et 30-13
30-7 SPI COMMEBNGS......coiiiiieiisieeeeee et st sae b sreene e 30-13
30-8 SPI RxBD Status and Control Field DesCriptions .........c.ccoerereeieenenenenesiesieenene 30-15
30-9 SPI TxBD Status and Control Field DesCriptions..........c.ccvevereeieenenesenesesiesiene 30-16
31-1 [2MOD Field DESCIIPLIONS. .....uecueeciicie ettt te et et er e enee e 317
31-2 [2ADD Field DESCIIPLIONS ......cviieiiriesieeieeeee ettt 317
31-3 [2BRG Field DESCIIPLIONS.....cveceecieeie e sie ettt ae et e e esreeee e e 31-8
31-4 [2CER/I2CMR Field DESCIIPLIONS. .....civeeiieiieieie ettt 31-9
31-5 [2COM Field DESCIIPLIONS......cviieiiriirieetieieeee ettt sn e 319
31-6 12C Parameter RAM MEMOTY MaD.........oveveeeeeeeeeeeeeesseesseeeeseessseeseseessseeseseeseenas 31-10
31-7 RFCR/TFCR Field DESCIPLIONS.......ciiiiiriisiirieeieiesie st 31-11
31-8 [2C Transmit/Receive COMMEANGS ........ccooeererirneenieeie ettt eas 3111
31-9 [2C RXBD Status and CONtrol BitS........cccoevvevieriereeieseeseeieseesessesseesee s sseenees 31-13
31-10 12C TXBD Status and CONtrol BitS........ccoveeeierierieneniisie s 31-14
32-1 PIP Transmitter Parameter RAM Memory Map ........cocoovvenininieeieesesese e 32-3
32-2 PFCR FIeld DESCIIPLIONS ..ottt sttt 324
32-3 SMASK Field DESCIIPLIONS .......ccueeiieeieciesieeie ettt s ns 32-5
32-4 PIP Receiver Parameter RAM MemOory Map.......ccccovverenerenineeeeseesesee e 32-5
32-5 Control Character Table, RCCM, and RCCR DesCriptions.........cccoovevvreereeseeseenne 32-7
32-6 PIPC FIeld DESCITPLIONS......ccvieiieeciee ettt ettt sree s 32-8
32-7 PIPE Field DESCIIPLIONS.......coiieiieiesiesie sttt 32-10
32-8 [l R 1= ol =S o ] o1 o] S 32-11
32-9 PIP TxBD Status and Control Field DesCriptions..........cccocveiieiiieeiiesie e e 32-12
32-10 PIP RxBD Status and Control Field DeSCriptions ..........cccvverereeneenenenesesesieeees 32-14
32-11 PIP Transmit CP COMMANGS..........cocoiirieninininieiesie e 32-14
32-12 PIP Receive CP COMMEANGS........coiiiiiriiiiesieeie et 32-15
32-13 (@0 g1 0] 0T orS N T = o =SS 32-22
32-14  CentronNiCS RX EFTON .....couviuiiieiiesie ettt s 32-23
33-1 POIT A PINASSIGNIMENT ......oiiiiieiierieeie ettt sbeeee e ssesnee s 332
33-2 PAODR Bit DESCIIPLIONS. .....ccueiieieiisiesiesiesiesieeee ettt sne e 334
33-3 PADAT Bit DESCIIPLIONS ......vecieieieitieiicee st esie e st ete e s e sreesseeaesseesseessesneesneennens 334
33-4 PADIR Bit DESCIPLIONS.....cveeieeieeitieie ettt st ee e sbe st seesbeeeesneesaeeneeas 335
33-5 PAPAR Bit DESCIIPLIONS ......evieiieieiesie sttt 335
33-6 POIt B PINASSIGNIMENL ......ooviciecie ettt te e st ee s e ne e e sneenne s 33-8
33-7 PBODR Bit DESCIIPLIONS .....cc.ceeiieiesiesiesiesie sttt sne e 339
33-8 PBDAT Bit DESCIIPLIONS. .....ccueeiieeiiesie ettt 33-10
33-9 PBDIR Bit DESCIIPLIONS........ccieitieieitieiie ettt sre e ere et see e e s e 33-10
33-10 PBPAR Bit DESCIIPLIONS ......ceueiieeieiesieste sttt 3311

Tables Ixxxi



Table
Number

33-11
33-12
33-13
33-14
33-15
33-16
33-17
33-18
33-19
33-20
34-1
34-2
34-3
34-4
36-1
36-2
36-3
36-4
37-1
37-2
37-3
37-4
37-5
37-6
37-7
37-8
37-9
37-10
37-11
37-12
37-13
38-1
38-2
39-1
39-2
40-1
40-2
40-3
41-1
41-2
41-3

Tables

Page

Title Number

POIt C PINASSIGNMENT ..ottt 33-12
PCDAT Bit DESCIIPLIONS.....cueeitieieiieesieeieeee st ee e sre et e et se e sne s e e sreeneenee e 33-14
PCDIR Bit DESCIIPLIONS.....cueiiteiieiieesieeie ettt sse s sre e snee e 33-15
PCPAR Bit DESCIIPLIONS ......eeueiieeieiiesie sttt sttt 33-15
PCSO Bit DESCIIPLIONS. ... .cecuieiicie ettt sre e 33-16
PCINT Bit DESCIIPLIONS.......ceueeeeieitesiesiesiesie st see e sne e 33-17
POIt D PINASSIGNMENT ..ottt 33-17
PDDAT Bit DESCIIPLIONS. ......ccitieieiieesiecieceesteete s seeee e ste e sseesseense e e sreenesnee e 33-18
PDDIR Bit DESCIIPLIONS.......ceueeeeieiesiestesie sttt sne s 33-19
PDPAR Field DESCIIPLIONS.....cuiiieieesieeiesiesteeteseesieeee e ste e e e sseeaeenee e 33-19
Prioritization of CPM INtEITUPL SOUICES ........cccvieiiiiiee ettt et 34-3
INterrupt VECtor ENCOTINGS.........ooviiiiiiiiiiieie e 34-5
CICR Field DESCIIPLIONS.....ccueeiiieeesieeie e sieeste et ete et see e e e se e sneenns 347
CIVR FIeld DESCIIPLIONS......ccvieiieiiee st eitee ettt sre e sae e aeesneesnneens 34-9
ATM RXBD Field DESCIIPLIONS......c.ceiteiereiiesienieeieeeeee et 364
ATM TXBD Field DESCIPLIONS.....cc.ccveiveesieeiesiiesieeeeeee e et sree e sas e steeeesneesneenneas 36—7
RCT FIeld DESCILIONS .....cocueeeiieciieeeiee sttt ettt e e s e et s esn e s naeeneens 36-10
TCT FIeld DESCIIPLIONS. ......ciueeiieieiesie ettt 36-13
Serial ATM and UTOPIA Interface Parameter RAM Map.........ccceeoeeveieeneecie s 37-1
Serial ATM Parameter RAM Map.......ccooieirieieieniesiesie e siesseseseeseesse e sse e ssessessens 37-5
SRFCR Field DESCIIPLIONS.......coiiiiiiisiesieeiisee ettt 376
SRSTATE Field DESCIIPLIONS......c.eeiieciecie sttt nas 377
STFCR Field DESCIIPLIONS......ciueeieeiesiieie ettt sne e 37-8
STSTATE Field DESCIIPLIONS.......coviitiitirieeiieieeeie ettt sne e 379
AM1-AMS5 Parameters for the Internal Look-up Table.........cccoeveeveieeieccincneenee. 37-10
HMASK Field DESCIIPLONS........coviieiiriesieeiesieeeeeeee et 37-10
AM1-AMS5 Parameters for Extended Channel Address Compression................... 37-11
FLMASK Field DESCIIPLIONS. .....c.ceiuieieecie ettt 37-11
AM1-AMS5 Parameters for Extended Channel CAM Operation..........c.ccoceverenen. 37-12
APCST FIeld DESCIIPLIONS. ......cciuiieeeieeieeiesieesieeeesteeieseesaeesesee e eeesseesneeeesseenees 37-12
ASTATUS Register Field DESCIPLIONS.......cveiireiieeiieiiieeiiseiteesee e sesesreeseeaneens 37-14
CPCR ATM-SpecifiC Field DESCIPLIONS........couereeieieiesiesie et 38-9
ATM COMMANGS .....cveeiieiieieie ettt bbbt e e e seesbesbeseesbesneas 38-10
APC Priority LEVEIS ..ottt st ene e 39-10
APC Priority Level Parameter DESCIiPLIONS ..........coevererereeieeesiesee e 3911
UTOPIA Event Register (IDSR1) Field DesCriptions.........ccccceeveveeieeseesieseeseenens 40-2
Serial ATM Event Register (SCCE) Field DesCriptions...........cocovveeveeiieeceeseesinens 40-3
Interrupt Queue Entry Field DESCIIPLIONS........coeieiirirereniereeie e 40-5
PDPAR Field DESCIIPLIONS.....cviiieiieeee et esie et ete e ste e s e ae e reeeesneesneenne 41-1
SCCR Field Descriptions for the UTOPIA CIOCK .......ccooveireeiinieneeeseeseeee e 41-3
POIt D PINASSIGNMENT ..ottt sb e e 414

MPC855T User’s Manual



Tables

Table Page
Number Title Number
41-4 PSMR Serial ATM Field DESCIIPLIONS.......cceriiieiiiesie et 41-6
42-1 UTOPIA Interface Transfer TIMING ......cccvceeieeieiieeseere e 42-10
43-1 IMITT SEQNEIS. ... ettt et e et e et e saeenaennne s 43-3
43-2 Serial Mode Connections to the External TranSCaIVES .........ccvceierenereneneseseeies 43-3
43-3 TraNSMISSION EFTOIS ...c.viiiiiiiciieieeie ettt st sne b nneens 43-9
43-4 RECEPLION EITOIS ...t 43-9
43-5 FEC Signal DESCIIPLIONS. .....cccieiiiieriesiesiesiesieeee ettt 43-11
43-6 FEC Parameter RAM MemMOrY MaD.......oovcieiiiiiiiieesieessiee st ssiesssines e snsaeeans 43-13
43-7 ADDR_LOW Field DESCIPLIONS.....ccueiueeieeieeieiesie et see e sne e 43-15
43-8 ADDR_HIGH Field DESCIIPLIONS.......coiiieieiesiesie et 43-16
43-9 HASH_TABLE_HIGH Field DESCIIPtiONS.......ccccoiierieniesiesieseseeeesee e 43-17
43-10 HASH_TABLE _LOW Field DESCIIPLIONS.......coveierieriesiesie e see e enas 43-17
43-11 R_DES START Field DESCIPLIONS.....ccueiiiiiiriieieiesie et 43-18
43-12  X_DES START Field DESCIPLIONS.....c.cceiieeiieeeiesiesie e s siesies e s sse s 43-19
43-13 R _BUFF_SIZE Field DESCIPLONS ......ccueieiesieeieseesieeie e sieesee e esse e sseeneesnee e 43-19
43-14 ECNTRL Field DESCIiPLIONS.......coiiiriisiesienierieeeeie et 43-20
43-15 |_ EVENT/I_MASK Field DeSCIiPLiONS.......ccoueiverieriesiisiesieeeseeceeesie e 43-21
43-16 IVEC Field DESCIIPLIONS......c.eoiiieiiitesieeieeeei ettt 43-22
43-17 R_DES ACTIVE Field DESCIIPLIONS......ccciireeieieniesie st 43-23
43-18 X_DES ACTIVE Field DESCIPIONS .....ccveeeieiieiiieiesee sttt 43-24
43-19 MII_DATA Field DESCIIPLIONS. ......oiviriirieriiniiriieieie et 43-25
43-20 MII_SPEED Field DESCIiPLIONS........coiieiiieieriieieiesie sttt 43-26
43-21 Programming Examplesfor MI1_SPEED RegiSter..........cccooeiereieenesiencerieeene 43-27
43-22 R_BOUND Field DESCIIPLIONS ......oveiirieriesiinieeeeee et 43-28
43-23 R _FSTART Field DESCIIPLIONS .....cc.ceiieeiecee sttt 43-29
43-24 X_WMRK Field DESCIPLIONS .....coveieriisieniesiiee et 43-30
43-25 X_FSTART Field DESCIiPLIONS. ......ccuiiiiiieriieieie et 43-30
43-26 FUN_CODE Field DESCIIPLIONS ......covueiiirieeiiniieieiesie et ens 43-31
43-27 R_CNTRL Field DESCIIPLIONS ..ot 43-32
43-28 R _HASH Field DESCIIPLIONS......cceiierieeieeiesieeieseesieeie e steeee e e ense e sseeeesnee e 43-33
43-29 X _CNTRL Field DESCIPLIONS ....cveeiieeiiiecieeitee ettt 43-34
43-30 Hardware INItTali ZaHION. ..........coveiieieereeeeee s 43-35
43-31 ECNTRL[ETHER_EN] Deassertion Initiaization............ccoceevrenenenenenesenene 43-35
43-32 User Initialization (before Setting ECNTRL[ETHER_EN]) ....cccoiviiiiiiiiiiieciee 43-35
43-33 User Initialization (after Setting ECNTRL[ETHER_EN]) ..covveviieiiieceeeee 43-36
43-34 Receive Buffer Descriptor (RXBD) Field Description..........ccceeveeeveececeeseeennene 43-37
43-35 Transmit Buffer Descriptor (TXBD) Field DesCriptions.........ccccceecvveveeiiecsieesineenn 43-39
44-1 Fetch Show CycleS CONtrol ..o 44-3
44-2 SEALUS PiN GrOUPINGS. ... ceiveeiieieeieesieeteseesteesteseesteesesaesseessesseesseessessessseesesnsesseenses 44-3
44-3 VF Pins Encoding: Instruction Queue FIUSNES ... 444
44-4 VF Pins Encoding: Instruction FECh TYPES........cocviirieriienesereeeeeeee e 444

Tables Ixxxiii



Table
Number

44-5
44-6
44-7
44-8
44-9
44-10
44-11
44-12
44-13
44-14
44-15
44-16
44-17
44-18
44-19
44-20
44-21
44-22
44-23
44-24
44-25
45-1
A-1

A-3

A-5

A-6
B-1

B-3

B-4

B-6

C-2
C-3

Tables

Page
Title Number
Detecting the Trace Buffer Start POINt.........cccceeiiiiinesisereeeee e 447
Instruction Watchpoints Programming Options..........cccccevveveeeeseesieseeseeee e 44-12
Load/Store Data EVENLS.........coiirieiiesieee ettt 44-14
L oad/Store Watchpoints Programming OPLioNS ..........ccoevevereeieenienesesesiesesieeees 4414
Checkstop State and Debug MOTE.........cc.occvvieeiieieieereee e 4424
Trap Enable Data Shifted into Development Port Shift Register ...........ccoovvvieeee. 44-31
Debug Port Command Shifted Into Development Port Shift Register.................... 44-32
Status/Data Shifted Out of Development Port Shift Register .........cccoevvieevieneee. 44-32
Debug Instructions/Data Shifted Into Development Port Shift Register ................ 44-33
MPC855T-Specific Development Support and Debug SPRS..........cccccvvevvieieenee 44-36
Development Support/Debug Registers Protection...........ccveveveevieiiecceesiecsiens 44-37
CMPA—CMPD Field DESCIPLIONS.....c.ceiuiierieeieeieeieeeie st 44-38
CMPE—CMPF Field DESCIIPLIONS......ccciieieeieieeiieseesie e ste e e e seessee e e 44-38
CMPG—CMPH Field DESCIIPLIONS.....c.ceiiieiiieciee ettt 44-39
BAR Field DESCIIPLONS........ciueieeieiesieste sttt 44-39
ICTRL Field DESCIIPLIONS.....cuieieceeeiiecie et eee ettt esneenas 44-40
LCTRLL Field DESCIIPLIONS......c..eeiieeiee e eiee ettt ee e sree et s e e e neesnaens 4442
LCTRL2 Field DESCIIPLIONS.......ccviieeeriesiesieeieeeeee et 4443
COUNTA/COUNTB Field DESCIIPLIONS .......ecveeiiriieieie et 4445
[CR FIeld DESCIIPLIONS......ccciiuieiieieenieeie ettt sne e 4446
DER Field DESCITPLIONS ......ceeuieieeieiesie sttt sttt s 4448
INstruction Register DECOUING.........ccieiieiieieeie e eiesee st esee et se e ae e e e 456
Byte-Ordering ParamMeters..........cooieeieeieeee ettt A-2
TLE 2-DIt MUNGING ...ttt s A-3
Little-Endian Program/Data Path Between the
Register and 32-Bit MEMOIY ........coiiiiieeeese s A-5
Little-Endian Program/Data Path Between the
Register and 16-Bit MEMOIY ........ccoceeiieie et A-5
Little-Endian Program/Data Path between the Register and
B-BIt MBIMIONY ...ttt ae e e e ne e beeeesneesseenneeneennens A-6
MOD-LE 3-bit MUNQGING ...ttt A-7
MPCB855T Serial Performance at 25 MHZ..........coooiieiieeeeeeee e B-3
IDMA Performance al 25 MHZ..........cooiiiiiieeeeeses e B-5
Receiver Performance (with 50MHz System ClocK) ........ccceevveiieiiieiieccee e B-9
Additional FEatUreS LOad..........cooveiieieiieriee e B-9
Transmitter (Including 1 Priority APC) Performance
(With 5OMHZ System ClOCK).......cccueeiieiieeciee et B-11
Performance CalCUIAION..........c.ooiiieeeeesteee e B-11
USEr-LeVEl REJISIEIS ......i ettt neenesneens C-1
USEr-LEVEI SPRS ...ttt st n e Cc-1
SUPENVISOr-LevEl REJISIENS ..o C=2

MPC855T User’s Manual



Table
Number

C-4

C-6
D-1

D-3

D-4

D-5

D-6

D-7

D-8

D-9

D-10
D-11
D-12
D-13
D-14
D-15
D-16
D-17
D-18
D-19
D-20
D-21
D-22
D-23
D-24
D-25
D-26
D-27
D-28
D-29
D-30
D-31
D-32
D-33
D-34
D-35
D-36
D-37
D-38

Tables

Page

Title Number

SUPENVISOI-LEVEL SPRS.......coiiie e C=2
MPC855T-Specific SUPervisor-Level SPRS..........cccoveiiie e C-3
MPCB855T-Specific Debug-Level SPRS ... cH4
Complete Instruction List Sorted by MNEMONIC.........ccoveiiririnereneeeeeee e D-1
Complete Instruction List Sorted by Opcode..........ccoveveeieiieiieieceseee e D-9
Integer ArithmetiC INSITUCHIONS ........coeiiiieie e D-16
Integer CoMPare INSIIUCLIONS...........cierieieriesie e nee D-17
Integer LOgiCal INSLIUCLIONS .........ccueieieciecie ettt e D-17
INnteger ROLAEE INSIIUCHIONS..........coueriieeee e D-17
Integer Shift INSLIUCLIONS.........coiiee e D-18
Floating-Point Arithmetic INStrUCLIONSG.........ccceeiieiiieiie e D-18
Floating-Point Multiply-Add INSIIUCLIONSG .........cccoiviieiiirenisieseeeeeee e D-19
Floating-Point Rounding and Conversion INStructionst...........cccvecvveereeceeseeseeenn. D-19
Floating-Point Compare INSIrUCLIONSG ..........cecueeiieiirieiie e D-19
Floating-Point Status and Control Register INStructionst............coceveveieienenenenene D-19
INteger LOad INSEIUCLIONS .........coiuieieiiesie ettt sttt e D-20
INteger SOre INSLIUCTIONS........coiiiiecie e D-20
Integer Load and Store with Byte-Reverse INStructions...........cc.ceveveeeeeieneneneneens D-21
Integer Load and Store Multiple INSIrUCtioNS ..........ccovveveiee e D-21
Integer Load and Store String INStrUCLiONS ........cccvvieeieerieneeseee s D-21
Memory Synchronization INStIUCHIONS..........coereeeeierieiesese e D-21
Floating-Point Load INSIIUCLIONSG ...........ccvevieiieeieeie et D-22
Floating-Point SEOre INSEIUCLIONSG ..........coiiriiiiereee e e D-22
Floating-Point MOVE INSITUCLIONSG .........ccoieriniiieieeiese e D-22
Branch INSEIUCLIONS ........coueiieiiiesie et D-23
Condition Register Logical INStrUCHIONS ..........cvirireeieiesiesiese e D-23
System LinKage INSIIUCTIONS........co.eiieieeiesiesiesie st D-23
TraP INSITUCHIONS ...ttt ne e aeeneeneenneas D-23
Processor Control INStIUCLIONS.........cooiiieieeie ettt D-23
Cache Management INSITUCHIONS.........ccoiveieeiecee e D-24
Segment Register Manipulation INStrUCtIONS.........cccoiieeiiecie e D-24
Lookaside Buffer Management INSIrUCHIONS..........coceivererenineneneseeeeeeee e D-24
External Control INStIUCHIONS.........cocoiiiirinienesireee e D-25
[=FFOIIMN <t e e e ne e e an e D-26
BFOIM .. r e ne e D-26
R O o 10 PRSPPI D-26
[ o 0 DO PR TP PSRRI D-26
1S 0 o U UPRTR PP D-28
D 0] 0 ST P PR RR D-28
KL AFOIMN e e e e e e e D-32
D) 0] 1 1 TSR STRTOPRROPRPUPIN D-33

Tables Ixxxv



Table
Number

D-39
D-40
D-41
D-42
D-43
D-44
D-45
D-46
E-1
E-2
E-3
E-4

Tables

Page

Title Number

XL -FOIM ot e e e b sbe e e sbe e e narne e D-33
D Tl 0 11 PRSPPSO D-33
DO T o 1 4 OSSPSR D-33
N 0] 1 0 PSSP D-34
IMI=FFOTIMY <ttt e e b s e n e e s ae e e ar e e nnn e e ne e s neennne e e D-35
MDD -FOIM e s s ne e D-35
1S o o TP D-35
INSLrUCLION SEt LEGENT ...ttt s nre s D-37
Serial Interface Register Programming Example for Serial ATM.......coceeeiiieienene E4
ATM Cadll Transmission and Reception Programming Example..........ccccccevveevennene. E4
TDMA Port Pin REQUITEMENTS.......cccciieiiiciee st ses et s et snee s E-5
Port Register Programming EXampPle...........cooiiiiiiiiiiiereeseseseeeeee e E-5

MPC855T User’s Manual



About This Book

The primary objective of this manual is to help communications system designers build
systems using the Motorola MPC855T and to help software designers provide operating
systems and user-level applicationsto take fullest advantage of the MPC855T.

Although this book describes aspects regarding the PowerPC architecture that are critical
for understanding the MPC8xx core, it does not contain a complete description of the
architecture. Where additional information might help the reader, references are made to
Programming Environments Manual for the Power PC Architecture. Ordering information
for this book are provided in the section “ Related Documentation.”

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

Before Using This Manual

Before using this manual, determine whether it is the latest revision and if there are errata
or addenda. To locate any published errata or updates for this document, refer to the
world-wide web at http://www.motorola.com.

Audience

This manual is intended for software and hardware developers and application
programmers who want to devel op productsfor the MPC855T. It is assumed that the reader
has a basic understanding of computer networking, OSI layers, and RISC architecture. In
addition, it is assumed that the reader has a basic understanding of the communications
protocols described here. Whereit isconsidered useful, additional sourcesare provided that
provide in-depth discussions of such topics.

Organization
Following is asummary and a brief description of the chapters of this manual:

* Partl, “Overview,” provides a high-level description of the MPC855T, describing
general operation and listing basic features.
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— Chapter 1, “MPC855T Overview, ” provides a high-level description of
MPCB855T functions and features. It roughly follows the structure of this book,
summarizing the relevant features and providing references for the reader who
needs additional information.

— Chapter 2, “Memory Map,” presents atable showing where MPC855T registers
are mapped in memory. It includes cross references that indicate where each
register is described in detail.

Part 11, “MPC8xx Microprocessor Module,” describes the MPC8xx core. These
chapters provide details concerning the processor core as an implementation of the
PowerPC architecture.

— Chapter 3, “The MPC8xx Core,” provides an overview of the MPC855T core.

— Chapter 4, “MPC8xx Core Register Set,” describes the hardware registers
accessibleto the MPC855T core. These include both architecturally-defined and
MPCB855T-specific registers.

— Chapter 5, “MPC855T Instruction Set,” describes the PowerPC instructions
implemented by the MPC855T. These instructions are organized by the level of
architecture in which they are implemented—UISA, VEA, and OEA.

— Chapter 6, “Exceptions,” describes the PowerPC exception model asit is
implemented on the MPC855T.

— Chapter 7, “Instruction and Data Caches,” describes the organization of the
on-chip instruction and data caches, cache control, various cache operations, and
the interaction between the caches, the load/store unit (L SU), the instruction
sequencer, and the system interface unit (SIU).

— Chapter 8, “Memory Management Unit” describes how the PowerPC MMU
model isimplemented onthe MPC855T. Although the MPC855T MMU isbased
on the PowerPC MMU modedl, it differs greatly in many respects, which are
described in this chapter.

— Chapter 9, “Instruction Execution Timing,” describes the MPC855T instruction
unit, and provides ways to make greatest advantage of its RISC architecture
characteristics, such as pipelining and parallel execution. It includes atable of
instruction latencies and lists dependencies and potential bottlenecks.

Part 111, “ Configuration and Reset,” describes start-up behavior of the MPC855T.

— Chapter 10, “System Interface Unit,” describes the SIU, which controls system
start-up, initialization and operation, protection, as well as the external system
bus.

— Chapter 11, “Reset,” describes the behavior of the MPC855T at reset and
start-up.

Part 1V, “Hardware Interface,” describesexterna signals, clocking, memory control,

and power management of the MPC855T.
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— Chapter 12, “External Signals,” provides a detailed description of the external
signals that comprise the MPC855T external interface.

— Chapter 13, “External Bus Interface,” describes interactions among signals
described in the previous chapter, including numerous examples and timing
diagrams.

— Chapter 14, “Clocks and Power Control,” describes on-chip and externa
devices, including the phase-locked loop circuitry and frequency dividers that
generate programmabl e clock timing for baud-rate generators, timers, and a
variety of low-power mode options.

— Chapter 15, “Memory Controller,” describes the memory controller, which
controlling a maximum of eight memory banks shared between a
general-purpose chip-select machine (GPCM) and a pair of user-programmable
machines (UPMs).

— Chapter 16, “PCMCIA Interface,” describesthe PCMCIA host adapter module,
which provides all control logic for aPCMCIA socket interface and requires
only additional external analog power switching logic and buffering.

» PartV,“Communications Processor Module,” describesthe configuration, clocking,
and operation of the various communications protocol s supported by the MPC855T.

— Chapter 17, “ Communications Processor Module and CPM Timers,” provides a
brief overview of the MPC855T CPM and a detailed discussion of the clocking
mechani sms supported.

— Chapter 18, “Communications Processor,” describes the RISC communications
processor (CP), which handles the low-level communications tasks, freeing the
core for higher-level tasks.

— Chapter 19, “SDMA Channels and IDMA Emulation,” describes the two
physical serial DMA (SDMA) channels on the MPC855T with which the CP
implements virtual SDMA channels.

— Chapter 20, “Seria Interface,” describesthe seria interface (Sl) in which the
physical interface to the SCC and SMCsisimplemented.

— Chapter 21, “Serial Communications Controller,” describes the serial
communications controller (SCC1), which can be configured independently to
implement different protocolsfor bridging functions, routers, and gateways, and
to interface with awide variety of standard WANS, LANS, and proprietary
networks.

— Chapter 22, “SCC UART Mode,” describesthe MPC855T implementation of
universal asynchronous receiver transmitter (UART) protocol, used for sending
low-speed data between devices.

— Chapter 23, “SCC HDLC Mode,” describes the MPC855T implementation of
HDLC protocol.

— Chapter 24, “SCC AppleTalk Mode,” describes the MPC855T implementation
of AppleTalk, aset of protocols developed by Apple Computer, Inc. to providea
LAN service between Macintosh computers and printers.
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— Chapter 25, “SCC Asynchronous HDLC Mode and IrDA,” describes the
asynchronous HDL C and IrDA use of HDL C framing techniques with
UART-type characters.

— Chapter 26, “SCC BISYNC Mode,” describesthe MPC855T implementation of
byte-oriented BISY NC protocol developed by IBM for use in networking
products.

— Chapter 27, “ SCC Ethernet Mode,” describes the MPC855T implementation of
Ethernet protocol.

— Chapter 28, “ SCC Transparent Mode,” describesthe MPC855T implementation
of transparent mode (also called totally transparent mode), which provides a
clear channel on which the SCC can send or receive serial datawithout bit-level
manipulation.

— Chapter 29, “ Serial Management Controllers (SMCs),” describes two serial
management controllers, full-duplex ports that can be configured independently
to support one of three protocols—UART, transparent, or general-circuit
interface (GClI).

— Chapter 30, “Seria Periphera Interface (SPI),” describes the serial peripheral
Interface, which alows the MPC855T to exchange data between other
MPCB855T chips, the MC68360, the MC68302, the M68HC11 and M68HC05
microcontroller families, and peripheral devices such as EEPROMS, real-time
clocks, A/D converters.

— Chapter 31, “12C Controller,” describes the MPC855T implementation of the
inter-integrated circuit (12C®) controller, which allows datato be exchanged with
other 12C devices, such as microcontrollers, EEPROMS, real -time clock devices,
and A/D converters.

— Chapter 32, “Parallel Interface Port (PIP),” describes the parallel interface port
which alowsdatato be sent to and from the MPC855T over 8 or 16 parallel data
lines with two handshake control signals.

— Chapter 33, “Parallel 1/0 Ports,” describes the four general-purpose 1/0
ports—A, B, C, and D. Each signal in the I/O ports can be configured as a
general-purpose 1/O signal or asasignal dedicated to supporting
communications devices, such as SMCs and the SCC.

— Chapter 34, “CPM Interrupt Controller,” describes how the CPM interrupt
controller (CPIC) accepts and prioritizes the internal and external interrupt
requests from the CPM blocks and passes them to the system interface unit
(SIV). The CPIC also provides a vector during the core interrupt acknowledge
cycle.

* Part VI, “Asynchronous Transfer Mode (ATM),” describes ATM implementation. It
consists of the following chapters:

— Chapter 35, “ATM Overview,” gives a high-level description of the MPC855T
ATM implementation.
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— Chapter 36, “Buffer Descriptors and Connection Tables,” describesthe structure
and configuration of the buffer descriptors (BDs) and the transmit and receive
connection tables (TCTs and RCTs) used with ATM.

— Chapter 37, “ATM Parameter RAM,” describes how the parameter RAM isused
to configurethe SCCfor serial ATM and the UTOPIA interface. The CP also uses
parameter RAM to store operational and temporary values used during SAR
activities.

— Chapter 38, “ATM Controller,” describes the address mapping mechanisms of
the ATM controller to support connection tables for single- interfaces, and the
commands provided to control ATM transmit and receive operations on a
channel-by-channel basis.

— Chapter 39, “ATM Pace Control,” describes how the ATM pace control unit
(APC) processes traffic parameters of each channel and defines the multiplex
timing for all the channels.

— Chapter 40, “ATM Exceptions,” describes how the circular ATM interrupt queue
operates with an event register (SCCE or IDSR1) to provide an interrupt model
for ATM operations.

— Chapter 41, “Interface Configuration,” describes the programming of registers
and parameters for ATM operations through both the UTOPIA and serial
interfaces.

— Chapter 42, “UTOPIA Interface,” describesthe classic SAR MPHY ATM
operation, including the UTOPIA modes and the signals provided for UTOPIA
support.

Part V11, “Fast Ethernet Controller (FEC),” describes the MPC855T support for
10/100 base-T Ethernet. It consists of the following chapter:

— Chapter 43, “Fast Ethernet Controller (FEC),” describes the Fast Ethernet
controller. It provides general descriptions of supported operations, full
descriptions of the supporting registers, and initialization information.

Part V111, “ System Debugging and Testing Support,” describes how to use the
MPCB855T facilities for debugging and system testing.

— Chapter 44, “ System Devel opment and Debugging,” describes support provided
for program flow tracking, internal watchpoint and breakpoint generation, and
emulation systems control.

— Chapter 45, “|EEE 1149.1 Test Access Port,” describes the dedicated
user-accessible test access port (TAP), which isfully compatible with the IEEE
1149.1 Standard Test Access Port and Boundary Scan Architecture.

Appendix A, “Byte Ordering,” discusses the MPC855T implementation of little-
and big-endian byte mapping.
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» Appendix B, “Serial Communications Performance,” provides guidelines for
maximizing performance of MPC855T-based systems.

» Appendix C, “Register Quick Reference Guide,” containsaquick referenceguideto
the MPC855T- registers.

» Appendix D, “Instruction Set Listings,” contains tables of the PowerPC instructions
supported by the MPC855T.

* Appendix E, “Serial ATM Scrambling, Reception, and SI Programming,” describes
payload rescrambling and the MPC855Trecelve procedure. It also provides a serial
interface programming example.

This manual aso includes aglossary and an index.

Suggested Reading

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

MPC8xx Documentation

Supporting documentation for the MPC855T can be accessed through the world-wide web
at http://www.motorola.com. This documentation includes technical specifications,
reference materials, and detailed applications notes.

Related Documentation
The documentation is organized in the following types of documents:

* Programming Environments Manual for 32-Bit |mplementations of the Power PC
Architecture (M PEFPC32B/AD)—Describes resources defined by the PowerPC
architecture.

» User'smanuals—These books provide detailsabout individual implementationsand
are intended for use with the Programming Environments Manual.

* Addendal/erratato user’s manual s—Because some processors have follow-on parts
an addendum is provided that describes the additional features and functionality
changes. These addendaare intended for use with the corresponding user’s manuals.

» Hardware specifications—Hardware specifications provide specific data regarding
bus timing, signal behavior, and AC, DC, and thermal characteristics, aswell as
other design considerations. Separate hardware specifications are provided for each
part described in this book.

» Technical summaries—Each device has atechnical summary that provides an
overview of itsfeatures. This document is roughly the equivalent to the overview
(Chapter 1) of an implementation’s user's manual.
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» The Programmer’s Reference Guide for the Power PC Architecture:
MPCPRG/D—This concise reference includes the register summary, memory
control model, exception vectors, and the PowerPC instruction set.

» The Programmer’s Pocket Reference Guide for the Power PC Architecture:
MPCPRGREF/D—This foldout card provides an overview of PowerPC registers,
instructions, and exceptions for 32-bit implementations.

» Application notes—These short documents address specific design issues useful to
programmers and engineers working with Motorola processors.

Additional literature is published as new processors become available. For a current list of
documentation, refer to http://www.motorola.com/motorola.
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Conventions

This document uses the following notational conventions:

| Bold | Bold entriesin fi _gqr_es_and tables showing registers and parameter
RAM should beinitialized by the user.

mnemonics I nstruction mnemonics are shown in lowercase bold.

italics Italics indicate variable command parameters, for example, bectr x.
Book titlesin text are set in italics.

0x0 Prefix to denote hexadecimal number

Ob0 Prefix to denote binary number

rA,rB Instruction syntax used to identify a source GPR

rD Instruction syntax used to identify a destination GPR

REGI[FIELD] Abbreviations or acronyms for registers or buffer descriptors are

shown in uppercase text. Specific bits, fields, or numerical ranges
appear in brackets. For example, MSR[LE] refersto thelittle-endian
mode enable bit in the machine state register.

X In certain contexts, such asin asignal encoding or a bit field,
indicates adon’t care.

n Used to express an undefined numerical value

- NOT logica operator

& AND logical operator

| OR logical operator

Acronyms and Abbreviations

Table i contains acronyms and abbreviations used in this document. Note that the meanings
for some acronyms (such as SDR1 and DSISR) are historical, and the words for which an
acronym stands may not be intuitively obvious.

Table i. Acronyms and Abbreviated Terms

Term Meaning
A/D Analog-to-digital
ALU Arithmetic logic unit
ATM Asynchronous transfer mode
BD Buffer descriptor
BIST Built-in self test
BPU Branch processing unit
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Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
BRI Basic rate interface.
BUID Bus unit ID
CAM Content-addressable memory
CEPT Conference des administrations Europeanes des Postes et Telecommunications (European
Conference of Postal and Telecommunications Administrations).
CP Communications processor
CPM Communications processor module
CR Condition register
CRC Cyclic redundancy check
CTR Count register
DABR Data address breakpoint register
DAR Data address register
DEC Decrementer register
DMA Direct memory access
DPLL Digital phase-locked loop
DRAM Dynamic random access memory
DSISR Register used for determining the source of a DSI exception
DTLB Data translation lookaside buffer
EA Effective address
EEST Enhanced Ethernet serial transceiver
EPROM Erasable programmable read-only memory
FPR Floating-point register
FPSCR Floating-point status and control register
FPU Floating-point unit
GClI General circuit interface
GPCM General-purpose chip-select machine
GPR General-purpose register
GUI Graphical user interface
HDLC High-level data link control
12c Inter-integrated circuit
IDL Inter-chip digital link
IEEE Institute of Electrical and Electronics Engineers
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Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
IrDA Infrared Data Association
ISDN Integrated services digital network
ITLB Instruction translation lookaside buffer
U Integer unit
JTAG Joint test action group
LIFO Last-in-first-out
LR Link register
LRU Least recently used
LSB Least-significant byte
Isb Least-significant bit
LsuU Load/store unit
MAC Multiply accumulate
MESI Modified/exclusive/shared/invalid—cache coherency protocol
MMU Memory management unit
MSB Most-significant byte
msb Most-significant bit
MSR Machine state register
NaN Not a number
NIA Next instruction address
NMSI Nonmultiplexed serial interface
No-op No operation
OEA Operating environment architecture
osl Open systems interconnection
PCI Peripheral component interconnect
PCMCIA Personal Computer Memory Card International Association
PIR Processor identification register
PRI Primary rate interface
PVR Processor version register
RISC Reduced instruction set computing
RTOS Real-time operating system
RWITM Read with intent to modify
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Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
Rx Receive
SCC Serial communications controller
SCP Serial control port
SDLC Synchronous Data Link Control
SDMA Serial DMA
Sl Serial interface
SIMM Signed immediate value
SIU System interface unit
SMC Serial management controller
SNA Systems network architecture
SPI Serial peripheral interface
SPR Special-purpose register
SPRGnN Registers available for general purposes
SRAM Static random access memory
SRRO Machine status save/restore register O
SRR1 Machine status save/restore register 1
TAP Test access port
B Time base register
TDM Time-division multiplexed
TLB Translation lookaside buffer
TSA Time-slot assigner
TX Transmit
UART Universal asynchronous receiver/transmitter
UIMM Unsigned immediate value
UISA User instruction set architecture
UPM User-programmable machine
USART Universal synchronous/asynchronous receiver/transmitter
VA Virtual address
VEA Virtual environment architecture
XER Register used primarily for indicating conditions such as carries and overflows for integer operations
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PowerPC Architecture Terminology Conventions

Tableii lists certain terms used in this manual that differ from the architecture terminology
conventions.

Table ii. Terminology Conventions

The Architecture Specification

This Manual

Data storage interrupt (DSI)

DSl exception

Extended mnemonics

Simplified mnemonics

Instruction storage interrupt (ISI)

ISI exception

Interrupt

Exception

Privileged mode (or privileged state)

Supervisor-level privilege

Problem mode (or problem state)

User-level privilege

Real address

Physical address

Relocation Translation
Storage (locations) Memory
Storage (the act of) Access

Tableiii describes instruction field notation conventions used in this manual.
Table iii. Instruction Field Conventions

The Architecture Specification Equivalent to:
BA, BB, BT crbA, crbB, crbD (respectively)
BF, BFA crfD, crfS (respectively)
D d
DS ds
FLM FM
FXM CRM
RA, RB, RT, RS rA, rB, rD, rS (respectively)
Sl SIMM
U IMM
ul UIMM
N/ 0...0 (shaded)

MPC855T User’s Manual




Part |
Overview

Intended Audience

Part | is intended for anyone who requires a high-level understanding of the MPC855T
family of PowerQUICC devices.

Contents

Part | provides an overview of the features and functions of the MPC855T. It includes the
following chapters:

* Chapter 1, “MPCB855T Overview, " provides a high-level description of MPC855T
functionsand features. It roughly followsthe structure of thisbook, summarizing the
relevant features and providing references for the reader who needs additional
information.

» Chapter 2, “Memory Map,” presents atable showing where MPC855T registers are
mapped in memory. It includes cross references that indicate where each register is
described in detall.

Conventions

Part | uses the following notational conventions:

mnemonics I nstruction mnemonics are shown in lowercase bold.

italics Italics indicate variable command parameters, for example, bcctr x.
Book titlesin text are set initalics.

0x0 Prefix to denote hexadecimal number

Ob0 Prefix to denote binary number

rA, rB Instruction syntax used to identify a source GPR

rD Instruction syntax used to identify a destination GPR
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REG[FIELD] Abbreviations or acronyms for registers or buffer descriptors are
shown in uppercase text. Specific bits, fields, or numerical ranges
appear in brackets. For example, MSR[LE] refersto thelittle-endian
mode enable bit in the machine state register.

X In certain contexts, such asin asignal encoding or a bit field,
indicates adon’t care.

n Indicates an undefined numerical value

Acronyms and Abbreviations

Table i contains acronyms and abbreviations that are used in this document.
Table i. Acronyms and Abbreviated Terms

Term Meaning
BD Buffer descriptor
BPU Branch processing unit
CP Communications processor
CPM Communications processor module
DMA Direct memory access
DPLL Digital phase-locked loop
DRAM Dynamic random access memory
DTLB Data translation lookaside buffer
EA Effective address
GPCM General-purpose chip-select machine
GPR General-purpose register
HDLC High-level data link control
12C Inter-integrated circuit
IEEE Institute of Electrical and Electronics Engineers
IrDA Infrared Data Association
ISDN Integrated services digital network
ITLB Instruction translation lookaside buffer
U Integer unit
JTAG Joint Test Action Group
LRU Least recently used (cache replacement algorithm)
LSuU Load/store unit
MMU Memory management unit
MSR Machine state register
NMSI Nonmultiplexed serial interface
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Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
OEA Operating environment architecture
osl Open systems interconnection
PCI Peripheral component interconnect
PCMCIA Personal Computer Memory Card International Association
RISC Reduced instruction set computing
RTOS Real-time operating system
Rx Receive
SCC Serial communications controller
SDLC Synchronous data link control
SDMA Serial DMA
SI Serial interface
SIU System interface unit
SMC Serial management controller
SPI Serial peripheral interface
SPR Special-purpose register
SRAM Static random access memory
B Time base register
TDM Time-division multiplexed
TLB Translation lookaside buffer
TSA Time-slot assigner
Tx Transmit
UART Universal asynchronous receiver/transmitter
UISA User instruction set architecture
UPM User-programmable machine
VEA Virtual environment architecture
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Chapter 1
MPC855T Overview

The MPC855T is a versatile one-chip integrated microprocessor and periphera
combination that can be used in avariety of controller applications. It particularly excelsin
both communications and networking systems. Unless otherwise specified, the
PowerQUICC unit isreferred to as the MPC855T in this manual.

The MPCB855T is a PowerPC architecture-based derivative of Motorola’'s MPC860 Quad
Integrated Communications Controller (PowerQUICC™). The CPU on the MPC855T is
the MPC8xx core, a 32-bit microprocessor which implements the PowerPC architecture,
Incorporating memory management units (MMUSs) and instruction and data caches.

The purpose of this manual is to describe the operation of MPC855T functionality with
concentration on the 1/0O functions. Additional information can be found in Programming
Environments Manual for 32-Bit Implementations of the Power PC Architecture.

1.1 Features

The following list summarizes the key MPC855T features:
» Embedded MPC8xx core

» Single-issue, 32-bit core (compatiblewith the PowerPC architecture definition) with
32, 32-bit general-purpose registers (GPRs)

— The core performs branch prediction with conditional prefetch, without
conditional execution

— 4-Kbyte data cache and 4- Kbyte instruction cache.
— 4-Kbyte instruction cache is two-way, set-associative with 128 sets.
— 4-Kbyte data cache is two-way, set-associative with 128 sets.

— Cache coherency for both instruction and data cachesis maintained on 128-bit
(4-word) cache blocks.

— Caches are physically addressed, implement a least recently used (LRU)
replacement algorithm, and are lockable on a cache block basis.

— MMUswith 32-entry TLB, fully associative instruction and data TLBs

— MMUSs support multiple page sizes of 4, 16, and 512 Kbytes, and 8 Mbytes; 16
virtual address spaces and 16 protection groups
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— Advanced on-chip-emul ation debug mode
* The MPCB855T providesthe same ATM functionality as that of the MPC860SAR
* Upto 32-bit data bus (dynamic bus sizing for 8, 16, and 32 bits)
» 32 addresslines
* Memory controller (eight banks)
— Contains complete dynamic RAM (DRAM) controller
— Each bank can be a chip select or RAS to support a DRAM bank
— Up to 30 wait states programmable per memory bank

— Gluelessinterface to DRAM, SIMMS, SRAM, EPROMSs, flash EPROMs, and
other memory devices.

— DRAM controller programmabl e to support most size and speed memory
interfaces

— Four CAS lines, four WE lines, one OE line
— Boot chip-select available at reset (options for 8-, 16-, or 32-bit memory)
— Variable block sizes (32 Kbyte-256 Mbyte)
— Selectable write protection
— On-chip bus arbitration logic
» General-purpose timers
— Four 16-bit timers or two 32-bit timers
— Gate mode can enable/disable counting
— Interrupt can be masked on reference match and event capture
» Fast Ethernet controller (FEC)
e System integration unit (SIU)
— Bus monitor
— Software watchdog
— Periodic interrupt timer (PIT)
— Low-power stop mode
— Clock synthesizer
— Decrementer and time base
— Real-time clock (RTC)
— Reset controller
— |EEE 1149.1 test access port (JTAG)
* Interrupts
— Seven external interrupt request (IRQ) lines
— 12 port pins with interrupt capability
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— 20 internal interrupt sources

— Programmable highest priority request
Communications processor module (CPM)
— RISC controller

— Communication-specific commands (for example, GRACEFUL STOP TRANSMIT,
ENTER HUNT MODE, and RESTART TRANSMIT)

— Supports continuous mode transmission and reception on all serial channels
— 8-Kbytes of dual-port RAM

— 16 serial DMA (SDMA) channels

Three parallel 1/0 registers with open-drain capability

Four baud rate generators

— Independent (can be connected to any SCC or SMC)

— Allow changes during operation

— Autobaud support option

One SCC (seria communication controller)

— Serial ATM capability

— Ethernet/|EEE 802.3 supporting full 10-Mbps operation

— HDLC/SDLC

— HDLC bus (implements an HDL C-based local area network (LAN))
— Asynchronous HDL C to support PPP (point-to-point protocol)

— AppleTak

— Universal asynchronous receiver transmitter (UART)

— Synchronous UART

— Serial infrared (IrDA)

— Binary synchronous communication (BISYNC)

— Totally transparent (bit streams)

— Totally transparent (frame based with optional cyclic redundancy check (CRC))
Two SMCs (serial management channels)

— UART

— Transparent

— General circuit interface (GCI) controller

— Can be connected to the time-division multiplexed (TDM) channel
One SPI (seria peripheral interface)

— Supports master and slave modes
— Supports multimaster operation on the same bus
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One |2C (inter-integrated circuit) port

— Supports master and slave modes

— Multiple-master environment support

Time-slot assigner (TSA)

— Allows SCC and SMCsto run in multiplexed and/or non-multiplexed operation
— Supports T1, CEPT, PCM highway, user defined

— 1- or 8-bit resolution

— Allows independent transmit and receive routing, frame synchronization,
clocking

— Allows dynamic changes

— Can be internally connected to three serial channels (one SCC and two SMCs)
Parallel interface port (PIP)

— Centronics interface support

— Supports fast connection between compatible ports on MPC855T or MC68360
PCMCIA interface

— Master (socket) interface, release 2.1 compliant

— Supports two independent PCMCIA sockets

— 8 memory or |/O windows supported

Low power support

— Full on—All units fully powered

— Doze—Core functional units disabled except time base decrementer, PLL,
memory controller, RTC, and CPM in low-power standby

— Sleep—All units disabled except RTC, PIT, time base, and decrementer with
PLL active for fast wake up

— Deep deep—All units disabled including PLL except RTC, PIT, time base, and
decrementer.

— Power down mode— All units powered down except RTC, PIT, time base and
decrementer

Debug interface

— Eight comparators:. four operate on instruction address, two operate on data
address, and two operate on data

— Supports conditions: = # <>

— Each watchpoint can generate a break point internally
3.3V operation

357-pin ball grid array (BGA) package

The MPCB855T is comprised of three modules that each use the 32-bit internal bus. the
MPCB8xx core, the system integration unit (SIU), and the communi cation processor module
(CPM). The MPCB855T block diagram is shown in Figure 1-1.
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Embedded MPC8xx Core

Instruction 4-Kbyte System Interface Unit (SIU)
Bus Instruction Cache
Instruction MMU Ugﬁlsed Memory Controller >
El\rxg(e:%ded 32-Entry ITLB Internal External
Proces)s(ér < Bus Interface|Bus Interface [« >
Core Load/Store 4-Kbyte Unit Unit
Data Cache .
Bus > < System Functions
Data MMU Real-Ti Clock
32-Entry DTLB ca--Time +loc
PCMCIA-ATA Interface
Fast Ethernet
Controller
DMAs
Y
FIFOs 4 Interrupt 8-Kbyte 16 Virtual
Parallel /O Timers | Controllers [Dual-Port RAM Serial
10/100 and
Base-T 4GBe?1l;era|t?oe:;e 32-Bit RISC Controller > 2
Media Access| and Program Independent
Control Parallel Interface Port Timers ROM DMA
and UTOPIA Channels
- Mil A
A A A A A
SCC1 | SMC1 | SMC2 SPI 12C

| Time Slot Assigner |
I [ I
Serial Interface

/
Figure 1-1. MPC855T Block Diagram

1.2 Embedded MPC8xx Core

The MPCB855T integrates an embedded MPC8xx core with high-performance, |ow-power
peripherals to extend the Motorola Data Communications family of embedded processors
farther into high-end communications and networking products.

The core is compliant with the UISA (user instruction set architecture) portion of the
PowerPC architecture. It has an integer unit (1U) and aload/store unit (L SU) that execute
all integer and load/store operations in hardware. The core supports integer operations on a
32-bit internal data path and 32-bit arithmetic hardware. The core interface to the internal
and external busesis 32 bits.

The IU uses 32, 32-bit GPRs for source and target operands. Typically, it can execute one
integer instruction each clock cycle. Each element in the integer block is clocked only when
valid dataisin the data queue and is ready for operation. This holds power consumption of
the device to the absolute minimum.
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System Interface Unit (SIU)

The core is integrated with MMUs as well as instruction and data caches. Each MMU
provides a 32-entry, fully associative instruction and data TL B, with multiple page sizes of
4, 16, 512, and 256 Kbytes and 8 Mbytes. It supports 16 virtual address spaces with
8 protection groups. Three specia scratch registers support software table search and
update operations.

The instruction cache is four-way, set associative with physical addressing. It alows
single-cycle access on hits with no added latency for misses. It has four words per block,
supporting a four-beat burst line fill using an LRU (least recently used) replacement
algorithm. The cache can be locked on a per cache block basis for application-critical
routines.

The data cache is two-way, set associative with physical addressing. It alows single-cycle
accesses on hitswith one added clock latency for misses. It has four words per cache block,
supporting burst line fill using LRU replacement. The cache can be locked on a per block
basis for application critical routines. The data cache can be programmed through the
MMU to support copy-back or write-through. Cache-inhibit mode can be programmed per
MMU page.

The debug interface provides superior debug capabilities without degrading operation
speed. This interface supports six watchpoint pins that are used to detect software events.
Four of its eight internal comparators operate on the effective address on the address bus,
two operate on the effective address on the data address bus, and two operate on the data
bus. The core can make =, #, <, and > comparisons to generate watchpoints. Each
watchpoint can then generate a break point that can be configured to trigger in a
programmable number of events.

1.3 System Interface Unit (SIU)

The SIU on the MPC855T integrates general-purpose features useful in aimost any 32-bit
processor system. Dynamic bus sizing alows 8-, 16-, and 32-bit peripherals and memory
to exist in the 32-hit system bus mode.

The SIU also provides power management functions, reset control, decrementer, timebase
and the real-time clock.

The memory controller supports up to eight memory banks with glueless interfaces to
DRAM, SRAM, SSRAM, EPROM, Flash EPROM, SDRAM, EDO, and other peripheras
with 2-clock-cycle access to externa SRAM and bursting support. It provides variable
block sizes from 32 Kbytes to 256 Mbytes. The memory controller provides 0-30 wait
states for each memory bank and can use address type matching to qualify each memory
bank access. It provides four byte-enable signals, an output-enable signal. and a boot chip
select available at reset.

The DRAM interface supports port sizes of 8, 16, and 32 bits. Memory banks can be
defined in depths of 256 or 512 Kbytesor 1, 2, 4, 8, 16, 32, or 64 Mbytesfor all port sizes.
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The memory depth can be 64 and 128 Kbytes for 8-bit memory or 128 and 256 Mbytes for
32-bit memory. The DRAM controller supports page-mode access for successive transfers
within bursts. The MPC855T supports a glueless interface to one bank of DRAM while
external buffers are required for additional memory banks. The refresh unit provides CAS
before RAS, a programmable refresh timer, refresh active during external reset, disable
refresh mode, and stacking up to 7 refresh cycles. The DRAM interface uses a
programmabl e state machine to support almost any memory interface.

1.4 PCMCIA Controller

The PCMCIA interface is a master (socket) controller and is compliant with release 2.1.
The interface supports up to two independent PCMCIA sockets requiring only external
transceivers/buffers. The interface provides eight memory or 1/0 windows where each
window can be allocated to a particular socket. If only one PCMCIA port is used, the
unused port may be used as general-purpose input with interrupt capability.

1.5 Power Management

The MPCB855T supports a wide range of power management features including full on,
doze, sleep, deep sleep, and low power stop.

* Full on mode leaves the MPCB855T processor fully powered with all internal units
operating at the full processor speed. A gear mode is determined by aclock divider,
allowing the operating system to reduce the processor’s operational frequency.

* Doze mode disables core functional units other than the time base decrementer,
PLL, memory controller, RTC, and places the CPM in low-power standby mode.

» Sleep mode disables everything except the RTC and PIT, leaving the PLL active for
quick wake-up.

* Deep sleep mode disablesthe PLL for lower power but slower wake-up.

» Low-power stop disables all logic in the processor except the minimum logic
required to restart the device, providing the lowest power consumption but requiring
the longest wake-up time.

1.6 Communications Processor Module (CPM)

The MPCB855T isthe next generation of the MPC8xx PowerQUICC family of devices. Like
its predecessor it implements a dual-processor architecture, which provides both a
high-performance, general-purpose processor for application programming use as well as
aspecial-purpose communication processor (CPM) unigquely designed for communications
applications.
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ATM Capabilities

The CPM contains features that, like its predecessor, allow the MPC855T to excel in
communications and networking products. These features are grouped as follows:

» Communications processor (CP)

» Sixteen independent DMA (SDMA) controllers

» Four general-purpose timers
The CP provides the communication features of the MPC855T. Included are a RISC
processor, one serial communication controller (SCC1), two serial management controllers
(SMCs), a serial peripheral interface (SP1), an I2C interface, 8 Kbytes of dual-port RAM,
an interrupt controller, a time-slot assigner, three parallel ports, a parallel interface port,

four independent baud rate generators, and sixteen serial DMA channels to support the
SCC, SMCs, SPI, and 12C.

The SDMAs provide two channels of general-purpose DMA capability for each
communications channel. They offer high-speed transfers, 32-bit data movement, buffer
chaining, and independent request and acknowledge logic.

The four genera-purpose timers on the CPM are identical to the timers found on the
MPC8xx, which support the internal cascading of two timers to form a 32-bit timer.

1.7 ATM Capabilities
The MPCB855T can be used as an adaptable ATM controller suited for a variety of
applications, including the following:

* ATM line card controllers

* ATM-to-WAN interworking, including framerelay, T1/E1 circuit emulation service
(CES), and xDSL applications

* Residential broadband network interface units (ATM-to-Ethernet)
» Set-top controllers

» ATM25 applications

» Bridging and routing applications
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Chapter 2
Memory Map

Each memory resource in the MPC855T is mapped within a contiguous block of 16 Kbyte
memory. The location of this block within the global 4-Gbyte physical memory space can
be mapped on 64-Kbyte resolution through an implementation-specific special-purpose
register (SPR) called the interna memory map register (IMMR). See Section 10.4.1,
“Internal Memory Map Register IMMR).” Table 2-1 defines the internal memory map.

Table 2-1. MPC855T Internal Memory Map

Offset Name Size Section/Page
General System Interface Unit
000 SIUMCR—SIU module configuration register 32 bits 10.4.2/-5
004 SYPCR—System protection control register 32 bits 10.4.3/-7
008-00D Reserved 6 bytes |—
00E SWSR—Software service register 16 bits 10.7.1/-21
010 SIPEND—SIU interrupt pending register 32 bits 10.5.4.1/-15
014 SIMASK—SIU interrupt mask register 32 bits 10.5.4.2/-16
018 SIEL—SIU interrupt edge/level register 32 bits 10.5.4.3/-17
01C SIVEC—SIU interrupt vector register 32 bits 10.5.4.4/-18
020 TESR—Transfer error status register 32 bits 10.4.4/-8
024-02F Reserved 12 bytes | —
030 SDCR—SDMA configuration register 32 bits 19.2.1/-3
034-07F Reserved 76 bytes |—
PCMCIA
080 PBRO—PCMCIA interface base register 0 32 bits 16.4.5/-14
084 PORO—PCMCIA interface option register O 32 bits 16.4.6/-14
088 PBR1—PCMCIA interface base register 1 32 bits 16.4.5/-14
08C POR1—PCMCIA interface option register 1 32 bits 16.4.6/-14
090 PBR2—PCMCIA interface base register 2 32 bits 16.4.5/-14
094 POR2—PCMCIA interface option register 2 32 bits 16.4.6/-14
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Table 2-1. MPC855T Internal Memory Map (continued)

Offset Name Size Section/Page
098 PBR3—PCMCIA interface base register 3 32 bits 16.4.5/-14
09C POR3—PCMCIA interface option register 3 32 bits 16.4.6/-14
0AO0 PBR4—PCMCIA interface base register 4 32 bits 16.4.5/-14
0A4 POR4—PCMCIA interface option register 4 32 bits 16.4.6/-14
0A8 PBR5—PCMCIA interface base register 5 32 bits 16.4.5/-14
0AC POR5—PCMCIA interface option register 5 32 bits 16.4.6/-14
0BO PBR6—PCMCIA interface base register 6 32 bits 16.4.5/-14
0B4 POR6—PCMCIA interface option register 6 32 bits 16.4.6/-14
0B8 PBR7—PCMCIA interface base register 7 32 bits 16.4.5/-14
0BC POR7—PCMCIA interface option register 7 32 bits 16.4.6/-14
0CO-0DF Reserved 32 bytes |—

OEO PGCRA—PCMCIA interface general control 32 bits 16.4.4/-13
register A

OE4 PGCRB—PCMCIA interface general control 32 bits 16.4.4/-13
register B

OE8 PSCR—PCMCIA interface status changed 32 bits 16.4.2/-10
register

OEC-0EF Reserved 4 bytes | —

OFO0 PIPR—PCMCIA interface input pins register 32 hits 16.4.1/-9

OF4-0F7 Reserved 4 bytes | —

OF8 PER—PCMCIA interface enable register 32 bits 16.4.3/-11

OFC-OFF Reserved 4 bytes | —

Memory Controller

100 BRO—Base register bank 0 32 bits 15.4.1/-9

104 ORO—Option register bank 0 32 bits 15.4.2/-10

108 BR1—Base register bank 1 32 bits 15.4.1/-9

10C OR1—Option register bank 1 32 bits 15.4.2/-10

110 BR2—Base register bank 2 32 bits 15.4.1/-9

114 OR2—Option register bank 2 32 bits 15.4.2/-10

118 BR3—Base register bank 3 32 bits 15.4.1/-9

11C OR3—Option register bank 3 32 bits 15.4.2/-10

120 BR4—Base register bank 4 32 bits 15.4.1/-9

124 OR4—Option register bank 4 32 bits 15.4.2/-10

128 BR5—Base register bank 5 32 bits 15.4.1/-9
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Table 2-1. MPC855T Internal Memory Map (continued)

Offset Name Size Section/Page
12C OR5—Option register bank 5 32 bits 15.4.2/-10
130 BR6—Base register bank 6 32 bits 15.4.1/-9
134 OR6—Option register bank 6 32 bits 15.4.2/-10
138 BR7—Base register bank 7 32 bits 15.4.1/-9
13C OR7—Option register bank 7 32 bits 15.4.2/-10
140-163 Reserved 36 bytes |—

164 MAR—Memory address register 32 bits 15.4.7/-17
168 MCR—Memory command register 32 bits 15.4.5/-15
16C-16F Reserved 4 bytes |—
170 MAMR—Machine A mode register 32 bits 15.4.4/-13
174 MBMR—Machine B mode register 32 bits 15.4.4/-13
178 MSTAT—Memory status register 16 bits 15.4.3/-13
17A MPTPR—Memory periodic timer prescaler 16 bits 15.4.8/-18
17C MDR—Memory data register 32 bits 15.4.6/-17
180-1FF Reserved 128 bytes | —
System Integration Timers
200 TBSCR—Timebase status and control register 16 bits 10.9.3/-25
202-203 Reserved 2 bytes |—
204 TBREFA—Timebase reference register A 32 bits 10.9.2/-24
208 TBREFB—Timebase reference register B 32 bits
20C-21F Reserved 20 bytes |—
220 RTCSC—Real-time clock status and control 16 bits 10.10.1/-27
register
222-223 Reserved 2 bytes |—
224 RTC—Real-time clock register 32 bits 10.10.2/-28
228 RTSEC—Real-time alarm seconds 32 bits 10.10.4/-29
22C RTCAL—Real-time alarm register 32 bits 10.10.3/-28
230-23F Reserved 16 bytes | —
240 PISCR—Periodic interrupt status and control 16 bits 10.11.1/-31
register
242-243 Reserved 2 bytes |—
244 PITC—Periodic interrupt count register 32 bits 10.11.2/-32
248 PITR—Periodic interrupt timer register 32 bits 10.11.3/-32
24C-27F Reserved 52 bytes |—

Chapter 2. Memory Map




g |

Table 2-1. MPC855T Internal Memory Map (continued)

Offset Name Size Section/Page
Clocks and Reset

280 SCCR—System clock control register 32 bits 14.6.1/-29

284 PLPRCR—PLL, low-power, and reset control 32 bits 14.6.2/-31
register

288 RSR—Reset status register 32 bits 11.2/-5

28C-2FF Reserved 116 bytes |—

System Integration Timers Keys

300 TBSCRK—Timebase status and control register 32 bits 10.4.5/-9
key

304 TBREFAK—Timebase reference register A key 32 bits 10.4.5/-9

308 TBREFBK—Timebase reference register B key 32 bits 10.4.5/-9

30C TBK—Timebase/decrementer register key 32 bits 10.4.5/-9

310-31F Reserved 16 bytes |—

320 RTCSCK—Real-time clock status and control 32 bits 10.4.5/-9
register key

324 RTCK—Real-time clock register key 32 bits 10.4.5/-9

328 RTSECK—Real-time alarm seconds key 32 bits 10.4.5/-9

32C RTCALK—Real-time alarm register key 32 bits 10.4.5/-9

330-33F Reserved 16 bytes |—

340 PISCRK—Periodic interrupt status and control 32 bits 10.4.5/-9
register key

344 PITCK—Periodic interrupt count register key 32 hits 10.4.5/-9

348-37F Reserved 56 bytes |—

Clocks and Reset Keys

380 SCCRK—System clock control key 32 bits 10.4.5/-9

384 PLPRCRK—PLL, low power and reset control 32 bits 10.4.5/-9
register key

388 RSRK—Reset status register key 32 bits 10.4.5/-9

38C-85F Reserved 1236 bytes | —

12C Controller

860 12MOD—I2C mode register 8 bits 31.4.1/-6

861-863 Reserved 3bytes |—

864 I2ADD—I2C address register 8 bits 31.4.2/-7

865-867 Reserved 3bytes |—
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Table 2-1. MPC855T Internal Memory Map (continued)

Offset Name Size Section/Page
868 I2BRG—I?C BRG register 8 bits 31.4.3/-8
869-86B Reserved 3bytes |—
86C 12COM—I2C command register 8 bits 31.4.5/-9
86D—-86F Reserved 3bytes |—

870 I2CER—I2C event register 8 bits 31.4.4/-8
871-873 Reserved 3bytes |—
874 I2CMR—I2C mask register 8 bits 31.4.4/-8
875-8FF Reserved 139 bytes | —
DMA

900-903 Reserved 4 bytes | —
904 SDAR—SDMA address register 32 bits 19.2.4/-5
908 SDSR—SDMA status register 8 bits 19.2.2/-4
909-90B Reserved 3bytes |—
90C SDMR—SDMA mask register 8 hits 19.2.3/-5
90D-90F Reserved 3bytes |—
910 IDSR1—IDMAL status register 8 bits 19.3.9.2/-21
911-913 Reserved 3bytes |—
914 IDMR1—IDMA1 mask register 8 bits 19.3.9.3/-21
915-917 Reserved 3bytes |—
918 IDSR2—IDMA2 status register 8 bits 19.3.9.2/-21
919-91B Reserved 3bytes |—
91C IDMR2—IDMAZ2 mask register 8 bits 19.3.9.3/-21
91D-92F Reserved 19 bytes |—

Communications Processor Module Interrupt Control
930 CIVR—CPM interrupt vector register 16 bits 34.5.5/-9
932-93F Reserved 14 bytes | —
940 CICR—CPM interrupt configuration register 32 bits 34.5.1/-7
944 CIPR—CPM interrupt pending register 32 bits 34.5.2/-7
948 CIMR—CPM interrupt mask register 32 bits 34.5.3/-8
94C CISR—CPM in-service register 32 bits 34.5.4/-8

Input/Output Port

950 PADIR—Port A data direction register 16 bits 33.2.1.3/-4
952 PAPAR—Port A pin assignment register 16 bits 33.2.1.4/-5
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Table 2-1. MPC855T Internal Memory Map (continued)

Offset Name Size Section/Page
954 PAODR—Port A open drain register 16 bits 33.2.1.1/-3
956 PADAT—Port A data register 16 bits 33.2.1.2/-4
958-95F Reserved 8 bytes |—

960 PCDIR—Port C data direction register 16 bits 33.4.2.2/-15
962 PCPAR—Port C pin assignment register 16 bits 33.4.2.3/-15
964 PCSO—Port C special options register 16 bits 33.4.2.4/-16
966 PCDAT—Port C data register 16 bits 33.4.2.1/-14
968 PCINT—Port C interrupt control register 16 bits 33.4.2.5/-16
96A-96F Reserved 6 bytes |—
970 PDDIR—Port D data direction register 16 bits 33.5.1.2/-18
972 PDPAR—Port D pin assignment register 16 bits 33.5.2/-19
974 Reserved 2 bytes |—
976 PDDAT—Port D data register 16 bits 33.5.1.1/-18
978-97F Reserved 8 bytes |—

CPM General-Purpose Timers
980 TGCR—Timer global configuration register 16 bits 17.2.3.1/-8
982-98F Reserved 14 bytes | —
990 TMR1—Timer 1 mode register 16 bits 17.2.4/-9
992 TMR2—Timer 2 mode register 16 bits 17.2.4/-9
994 TRR1—Timer 1 reference register 16 bits 17.2.4.1/-10
996 TRR2—Timer 2 reference register 16 bits 17.2.4.1/-10
998 TCR1—Timer 1 capture register 16 bits 17.2.4.2/-10
99A TCR2—Timer 2 capture register 16 bits 17.2.4.2/-10
99C TCN1—Timer 1 counter 16 bits 17.2.4.3/-11
99E TCN2—Timer 2 counter 16 bits 17.2.4.3/-11
9A0 TMR3—Timer 3 mode register 16 bits 17.2.4/-9
9A2 TMR4—Timer 4 mode register 16 bits 17.2.4/-9
9A4 TRR3—Timer 3 reference register 16 bits 17.2.4.1/-10
9A6 TRR4—Timer 4 reference register 16 bits 17.2.4.1/-10
9A8 TCR3—Timer 3 capture register 16 bits 17.2.4.2/-10
9AA TCR4—Timer 4 capture register 16 bits 17.2.4.2/-10
9AC TCN3—Timer 3 counter 16 bits 17.2.4.3/-11
9AE TCN4—Timer 4 counter 16 bits 17.2.4.3/-11
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Table 2-1. MPC855T Internal Memory Map (continued)

Offset Name Size Section/Page
9B0 TER1—Timer 1 event register 16 bits 17.2.4.4/-11
9B2 TER2—Timer 2 event register 16 bits 17.2.4.4/-11
9B4 TER3—Timer 3 event register 16 bits 17.2.4.4/-11
9B6 TER4—Timer 4 event register 16 bits 17.2.4.4/-11
9B8-9BF Reserved 8 bytes |—
Communications Processor (CP)
9Co0 CPCR—CP command register 16 bits 18.5.3/-6
9C2-9C3 Reserved 2 bytes |—
9C4 RCCR—RISC controller configuration register 16 bits 18.5.1/-4
9C6 Reserved 8 bits —
9C7 RMDS—RISC microcode development support 8 bits 18.5.2/-5
control register
9C8-9CB Reserved 4 bytes | —
9CC RCTR1—RISC controller trap register 1 16 bits Used only by optional RAM microcode
9CE RCTR2—RISC controller trap register 2 16 bits Used only by optional RAM microcode
9D0 RCTR3—RISC controller trap register 3 16 bits Used only by optional RAM microcode
9D2 RCTR4—RISC controller trap register 4 16 bits Used only by optional RAM microcode
9D4-9D5 Reserved 2 bytes |—
9D6 RTER—RISC timer event register 16 bits 18.7.4/-15
9D8-9D9 Reserved 2 bytes |—
9DA RTMR—RISC timers mask register 16 bits 18.7.4/-15
9DC—-9EF Reserved 20 bytes |—
Baud Rate Generators
9F0 BRGC1—BRG1 configuration register 32 bits 20.4.1/-25
9F4 BRGC2—BRG2 configuration register 32 bits 20.4.1/-25
9F8 BRGC3—BRG3 configuration register 32 bits 20.4.1/-25
9FC BRGC4—BRG4 configuration register 32 bits 20.4.1/-25
Serial Communications Controller 1 (SCC1)
AO0 GSMR_L1—SCC1 general mode register 32 bits 21.2.1/-3
AO4 GSMR_H1—SCC1 general mode register 32 bits 21.2.1/-3
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Table 2-1. MPC855T Internal Memory Map (continued)

Offset Name Size Section/Page

AO8 PSMR1—SCC1 protocol specific mode register 16 bits 21.2.2/-10
22.16/-13 (UART)
25.13.3/-11 (Asynchronous HDLC)
26.11/-10 (BISYNC)
27.18/-19 (Ethernet)
28.9/-9 (Transparent)

AOA-AOB Reserved 2 bytes |—

AOC TODR1—SCC1 transmit-on-demand register 16 bits 21.2.4/-10

AOE DSR1—SCC1 data synchronization register 16 bits 21.2.3/-10

A10 SCCE1—SCCl1 event register 16 bits 22.19/-20 (UART)
23.11/-13 (HDLC)

A12-A13 | Reserved 2bytes |55 13.1/-9 (Asynchronous HDLC)

Al4 SCCM1—SCC1 mask register 16 bits | 26.14/-15 (BISYNC)
27.21/-25 (Ethernet)
28.12/-12 (Transparent)

Al6 Reserved 1 byte —

Al7 SCCS1—SCC1 status register 8 bits 22.20/-22 (UART)
23.12/-15 (HDLC)
25.13.2/-10 (Asynchronous HDLC)
26.15/-16 (BiISYNC)
28.13/-13 (Transparent)

A18-AlF Reserved 8 bytes |—

Serial Management Controller 1 (SMC1)

A82 SMCMR1—SMC1 mode register 16 bits 29.2.1/-3

A84—-A85 Reserved 2 bytes |—

A86 SMCE1—SMC1 event register 8 bits 29.3.12/-20 (UART)
29.4.11/-31 (Transparent)
29.5.9/-39 (GCI)

A87-A89 Reserved 3bytes |—

A8A SMCM1—SMC1 mask register 8 bits 29.3.12/-20 (UART)
29.4.11/-31 (Transparent)
29.5.9/-39 (GCI)

A8B-A91 Reserved 7 bytes  |—

Serial Management Controller 2 (SMC2)

A92 SMCMR2—SMC2 mode register 16 bits 29.2.1/-3

A94—-A95 Reserved 2 bytes |—

A96 SMCE2—SMC?2 event register 8 bits 29.3.12/-20 (UART)
29.4.11/-31 (Transparent)
29.5.9/-39 (GCI)

A97-A99 Reserved 3bytes |—
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Table 2-1. MPC855T Internal Memory Map (continued)

Offset Name Size Section/Page
A9A SMCM2—SMC2 mask register 8 bits 29.3.12/-20 (UART)
29.4.11/-31 (Transparent)
29.5.9/-39 (GClI)
A9B-A9F Reserved 5bytes |—
Serial Peripheral Interface (SPI)
AAO SPMODE—SPI mode register 16 bits 30.4.1/-7
AA2—-AA5 Reserved 4 bytes | —
AAB SPIE—SPI event register 8 bits 30.4.2/-10
AA7T-AA9 Reserved 3bytes |—
AAA SPIM—SPI mask register 8 bits 30.4.2/-10
AAB-AAC |Reserved 2 bytes |—
AAD SPCOM—SPI command register 8 bits 30.4.3/-11
AAE-AB Reserved 4 bytes —
Parallel Interface Port (PIP) and Port B
AB2 PIPC—PIP configuration register 16 bits 32.4.1/-8
AB4-AB5 Reserved 2 bytes |—
AB6 PTPR—PIP timing parameters register 16 bits 32.4.4/-10
AB8 PBDIR—Port B data direction register 32 bits 33.3.1.3/-10
ABC PBPAR—Port B pin assignment register 32 bits 33.3.1.4/-11
ACO PBODR—Port B open drain register 32 bits 33.3.1.1/-9
AC4 PBDAT—Port B data register 32 bits 33.3.1.2/-9
AC8-ADF Reserved 24 bytes  |—
Serial Interface (SI)
AEO SIMODE—SI mode register 32 bits 20.2.4.2/-13
AE4 SIGMR—SI global mode register 8 bits 20.2.4.1/-12
AE5 Reserved 8 bits —
AE6 SISTR—SI status register 8 bits 20.2.4.5/-20
AE7 SICMR—SI command register 8 bits 20.2.4.4/-19
AE8-AEB Reserved 4 bytes | —
AEC SICR—SI clock route register 32 bits 20.2.4.3/-18
AFO SIRP—Serial interface RAM pointer register 32 bits 20.2.4.6/-21
AF4-BFF Reserved 268 bytes | —
CO0-DFF SIRAM—SI routing RAM 512 bytes |20.2.3.5/-10
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Table 2-1. MPC855T Internal Memory Map (continued)

Offset Name Size Section/Page
EO0O0-1FFF Reserved 4,608 bytes | —
Fast Ethernet Controller (FEC)
EOO0 ADDR_LOW register 32 bits 43.4.1.1/-15
EO04 ADDR_HIGH 32 bits 43.4.1.2/-15
EO8 HASH_TABLE_HIGH 32 bits 43.4.1.3/-16
EOC HASH_TABLE_LOW 32 bits 43.4.1.4/-17
E10 R_DES_START 32 bits 43.4.1.5/-17
E14 X_DES_START 32 bits 43.4.1.6/-18
E18 R_BUFF_SIZE 32 bits 43.4.1.7/-19
E40 ECNTRL 32 bits 43.4.1.8/-19
E44 IEVENT 32 bits 43.4.1.9/-20
E48 IMASK 32 bits 43.4.1.9/-20
E4C IVEC 32 bits 43.4.1.10/-22
E50 R_DES_ACTIVE 32 bits 43.4.1.11/-22
E54 X_DES_ACTIVE 32 bits 43.4.1.12/-23
E80 MII_DATA 32 bits /-24
E84 MII_SPEED 32 bits 43.4.1.14/-26
ECC R_BOUND 32 bits 43.4.1.15/-27
EDO R_FSTART 32 bits 43.4.1.16/-28
EE4 X_WMRK 32 bits 43.4.1.17/-29
EEC X_FSTART 32 bits 43.4.1.18/-30
F34 FUN_CODE 32 bits 43.4.1.19/-31
F44 R_CNTRL 32 bits 43.4.1.20/-31
F48 R_HASH 32 bits 43.4.1.21/-32
F84 X_CNTRL 32 bits 43.4.1.22/-33
F88-1FFF Reserved 4,215 bytes
Dual-Port RAM (DPRAM)
2000-2FFF | Dual-port system RAM 4,096 bytes | 18.6.1/-10
3000-3BFF | Dual-port system RAM expansion 3,072 bytes | 18.6.1/-10
3C00-3FFF | PRAM—Dual-port parameter RAM 1,024 bytes | 18.6.3/-11

MPC855T User’s Manual




Part Il
MPC8xx Microprocessor Module

Intended Audience

Part Il is intended for users who need to understand the programming model of the
embedded microprocessor. It assumes some familiarity with RISC architectures.

Contents

Part Il describes the MPC8xx microprocessor embedded in the MPC855T. It provides
detailed information on the registers and instructions that are implemented, the memory
management unit (MMU), cache model, exception model, and an overview of instruction
timing. It contains the following chapters:

Chapter 3, “The MPC8xx Core,” provides an overview of the MPC855T core,
summarizing topics described in further detail in subsequent chaptersin Part I1.

Chapter 4, “MPC8xx Core Register Set,” describesthe hardwareregistersaccessible
to the MPCB855T core. These include both architecturally-defined and
MPCB855T-specific registers.

Chapter 5, “MPC855T Instruction Set,” describes the instructions implemented by
the MPC855T. Theseinstructions are organized by thelevel of architectureinwhich
they are implemented—UISA, VEA, and OEA.

Chapter 6, “Exceptions,” describes the exception model implemented on the
MPC855T.

Chapter 7, “Instruction and Data Caches,” describes the organization of the on-chip
instruction and data caches, cache control, various cache operations, and the
Interaction between the caches, the [oad/store unit (L SU), the instruction sequencer,
and the system interface unit (SIU).

Chapter 8, “Memory Management Unit” describes how the MMU isimplemented
on the MPC855T. Although the MPC855T MMU is based on the PowerPC MMU
model, it differs greatly in many respects, which are described in this chapter.
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o Chapter 9, “Instruction Execution Timing,” describes the MPC855T instruction
unit, and provides ways to make greatest advantage of its RISC architecture
characteristics, such as pipelining and parallel execution. It includes atable of
instruction latencies and lists dependencies and potential bottlenecks.

Suggested Reading

This section lists additional reading that provides background for the information in this
manual.

MPC8xx Documentation

Supporting documentation for the MPC855T can be accessed through the world-wide web
at http://www.motorola.com. This documentation includes technical specifications,
reference materials, and detailed application notes.

Related Documentation
The documentation is organized in the following types of documents:

* Programming Environments Manual for 32-Bit |mplementations of the Power PC
Architecture (M PEFPC32B/AD)—Describes resources defined by the PowerPC
architecture.

» User'smanuals—These books provide detailsabout individual implementationsand
are intended for use with the Programming Environments Manual.

* Addendalerratato user’s manual s—Because some processors have follow-on parts
an addendum is provided that describes the additional features and functionality
changes. These addendaare intended for use with the corresponding user’s manuals.

» Hardware specifications—Hardware specifications provide specific data regarding
bus timing, signal behavior, and AC, DC, and thermal characteristics, aswell as
other design considerations. Separate hardware specifications are provided for each
part described in this book.

» Technical summaries—Each device has atechnical summary that provides an
overview of its features. This document is roughly the equivalent to the overview
(Chapter 1) of an implementation’s user's manual.

» The Programmer’s Reference Guide for the Power PC Architecture:
MPCPRG/D—This concise reference includes the register summary, memory
control model, exception vectors, and the PowerPC instruction set.

» The Programmer’s Pocket Reference Guide for the Power PC Architecture:
MPCPRGREF/D—This foldout card provides an overview of PowerPC registers,
Instructions, and exceptions for 32-bit implementations.

» Application notes—These short documents address specific design issues useful to
programmers and engineers working with Motorola processors.
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Additional literature is published as new processors become available. For a current list of
documentation, refer to http://www.motorola.com/motorola.

Conventions

This chapter uses the following notational conventions:

| Bold |

mnemonics
italics

0x0

Ob0

rA, rB

rD
REG[FIELD]

Bold entries in figures and tables showing registers and parameter
RAM should beinitialized by the user.

| nstruction mnemonics are shown in lowercase bold.

Italics indicate variable command parameters, for example, bectr x.
Book titlesin text are set in italics.

Prefix to denote hexadecimal number

Prefix to denote binary number

Instruction syntax used to identify a source GPR
Instruction syntax used to identify a destination GPR

Abbreviations or acronyms for registers or buffer descriptors are
shown in uppercase text. Specific bits, fields, or numerical ranges
appear in brackets. For example, MSR[LE] refersto thelittle-endian
mode enable bit in the machine state register.

In certain contexts, such asin asignal encoding or a bit field,
indicates adon’t care.

Indicates an undefined numerical value
NOT logica operator

AND logical operator

OR logical operator

Acronyms and Abbreviations

Table i contains acronyms and abbreviations that are used in this document. Note that the
meanings for some acronyms (such as SDR1 and DSISR) are historical, and the words for
which an acronym stands may not be intuitively obvious.

Table i. Acronyms and Abbreviated Terms

Term Meaning
ALU Arithmetic logic unit
BIST Built-in self test
BPU Branch processing unit
BUID Bus unit ID
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Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
CR Condition register
CRC Cyclic redundancy check
CTR Count register
DABR Data address breakpoint register
DAR Data address register
DEC Decrementer register
DMA Direct memory access
DRAM Dynamic random access memory
DSISR Register used for determining the source of a DSI exception
DTLB Data translation lookaside buffer
EA Effective address
FPR Floating-point register
FPSCR Floating-point status and control register
GPR General-purpose register
IEEE Institute of Electrical and Electronics Engineers
ITLB Instruction translation lookaside buffer
U Integer unit
LIFO Last-in-first-out
LR Link register
LRU Least recently used
LSB Least-significant byte
Isb Least-significant bit
LSU Load/store unit
MMU Memory management unit
MSB Most-significant byte
msb Most-significant bit
MSR Machine state register
NaN Not a number
No-op No operation
OEA Operating environment architecture
PCI Peripheral component interconnect
PVR Processor version register
RISC Reduced instruction set computing
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Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
RTOS Real-time operating system
RWITM Read with intent to modify
Rx Receive
SIMM Signed immediate value
SPR Special-purpose register
SPRGnN Registers available for general purposes
SR Segment register
SRRO Machine status save/restore register 0
SRR1 Machine status save/restore register 1
B Time base register
TLB Translation lookaside buffer
Tx Transmit
UIMM Unsigned immediate value
UISA User instruction set architecture
VA Virtual address
VEA Virtual environment architecture
XER Register used primarily for indicating conditions such as carries and overflows for integer operations

Architecture Terminology Conventions

Tableii lists certain terms used in this manual that differ from the architecture terminology
conventions.

Table ii. Terminology Conventions

The Architecture Specification This Manual
Data storage interrupt (DSI) DSI exception
Extended mnemonics Simplified mnemonics
Instruction storage interrupt (ISI) ISI exception
Interrupt Exception
Privileged mode (or privileged state) Supervisor-level privilege
Problem mode (or problem state) User-level privilege
Real address Physical address
Relocation Translation
Storage (locations) Memory
Storage (the act of) Access
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Tableiii describes instruction field notation conventions used in this manual .
Table iii. Instruction Field Conventions

The Architecture Specification Equivalent to:
BA, BB, BT crbA, crbB, crbD (respectively)
BF, BFA crfD, crfS (respectively)
D d
DS ds
FLM FM
FXM CRM
RA, RB, RT, RS rA, rB, rD, rS (respectively)
Sl SIMM
U IMM
Ul UIMM
100 0...0 (shaded)
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Chapter 3
The MPC8xx Core

This chapter provides an overview of the MPC8xx core, summarizing topics described in
further detail in subsequent chapters in Part Il. This chapter describes the functional
specifications of the core. It is based on the Programming Environments Manual for 32-Bit
I mplementations of the Power PC Architecture, which provides a more in-depth discussion
of issues related to the 32-bit portion of the PowerPC architecture implementation.

The subset of PowerPC instructions supported by the MPC855T are listed in Chapter 5,
“MPC855T Instruction Set.”

3.1 The MPC855T Core as a PowerPC Implementation

The core implements all PowerPC user-level instructions defined for 32-bit
Implementations except floating-point instructions (load/store and arithmetic). Likewise, it
supports the registers defined by the PowerPC architecture necessary for the supported
Instructions.

The MPC855T core adheres to portions of the PowerPC architecture definition for
supervisor operations. For example, it implements the PowerPC exception model
(excluding inappropriate exceptions, such as those that support floating-point operations).
The architecture-defined memory management model has been modified to suit the specific
needs of the MPC855T core. Additional exceptions are defined (as permitted by the
architecture) to support address translation.

The PowerPC architecture defines features not supported on the MPC855T hardware.
These features include support for 64-bit addressing, multiprocessing, floating-point
arithmetic, and some memory management features.

The core aso implements MPC855T-specific development support features such as
breakpoint and watchpoint mechanisms, program-flow tracking data generation, and debug
mode operation.

3.2 PowerPC Architecture Overview

The PowerPC architecture takes advantage of recent technological advances in such areas
as process technology, compiler design, and reduced instruction set computing (RISC)
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microprocessor design to provide software compatibility across a diverse family of
implementations, primarily single-chip microprocessors, intended for a wide range of
systems, including battery-powered personal computers; embedded controllers; high-end
scientific and graphics workstations; and multiprocessing, microprocessor-based
mainframes.

To provide asingle architecture for such a broad assortment of processor environments, the
PowerPC architecture is both flexible and scalable.

The flexibility of the PowerPC architecture offers many price/performance options.
Designers can choose whether to implement architecturally-defined featuresin hardware or
In software. For example, a processor designed for a high-end workstation has greater need
for the performance gained from implementing floating-point normalization and
denormalization in hardware than a device using a PowerPC embedded controller might.

The PowerPC architecture defines the following features:

» Separate 32-entry register files for integer instructions. The genera -purpose
registers (GPRs) hold source data for integer arithmetic instructions.

» Instructionsfor loading and storing data between the memory system and the GPRs

» Uniform-length instructions to alow simplified instruction pipelining and paralel
processing instruction dispatch mechanisms

* Non-destructive use of registers for arithmetic instructions in which the second,
third, and sometimes the fourth operand, typically specify source registers for
calculations whose results are typically stored in the target register specified by the
first operand.

* A precise exception model
» A flexible architecture definition that alows certain features to be performed in

either hardware or with assistance from implementation-specific software
depending on the needs of the processor design

* User-level instructions for explicitly storing, flushing, and invalidating datain the
on-chip caches. The architecture a so defines special instructions (cache block touch
instructions) for speculatively loading databeforeit is needed, reducing the effect of
memory latency.

* A memory model that allows weakly-ordered memory accesses. This allows bus
operationsto be reordered dynamically, which improves overall performanceand in
particular reduces the effect of memory latency on instruction throughpuit.

» Support for separate instruction and data caches (Harvard architecture) and for
unified caches

» Support for both big- and little-endian addressing modes
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Support for 64-bit addressing. The architecture supports both 32-bit or 64-bit
implementations. This document describes the 32-bit portion of the PowerPC
architecture. For information about the 64-bit architecture, see Programming
Environments Manual for |mplementations of the Power PC Architecture.

3.2.1 Levels of the PowerPC Architecture

The PowerPC architecture is defined in three levels that correspond to three programming
environments, roughly described from the most general, user-level instruction set
environment, to the more specific, operating environment.

This layering of the architecture provides flexibility, allowing degrees of software
compatibility across a wide range of implementations. For example, an implementation
such as an embedded controller may support the user instruction set, whereas it may be
impractical for it to adhere to the memory management, exception, and cache models.

The three levels of the PowerPC architecture are defined as follows:

PowerPC user instruction set architecture (UISA)—The UISA definesthe level of
the architecture to which user-level (referred to as problem state in the architecture
specification) software should conform. The UISA defines the base user-level
instruction set, user-level registers, datatypes, the exception model as seen by user
programs, and the memory and programming models.

PowerPC virtual environment architecture (VEA)—The VEA defines additional
user-level functionality that falls outside typical user-level software requirements.
TheVEA describes the memory model for an environment in which multiple
devices can access memory, defines aspects of the cache model, defines cache
control instructions, and defines the time base facility from a user-level perspective.

Implementations that conform to the PowerPC VEA also adhere to the UISA, but
may not necessarily adhere to the OEA.

PowerPC operating environment architecture (OEA)—The OEA defines
supervisor-level (referred to as privileged state in the architecture specification)
resourcestypically required by an operating system. The OEA definesthe PowerPC
memory management model, supervisor-level registers, synchronization
requirements, and the exception model. The OEA also defines the time base feature
from a supervisor-level perspective.

Implementations that conform to the PowerPC OEA aso conform to the PowerPC
UISA and VEA.

The MPC855T adheres to the OEA definition of the exception model and provides
a subset of the memory management model. It includes OEA -defined registers and
instructions for configuration and exception handling.

Implementations that adhere to the VEA level are guaranteed to adhere to the UISA levdl;
likewise, implementations that conform to the OEA level are also guaranteed to conform to
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the UISA and the VEA levels. For a more detailed discussion of the characteristics of the
PowerPC architecture, see the Programming Environments Manual for |mplementations of
the Power PC Architecture.

For details regarding the MPC8xx core as an implementation of the PowerPC architecture,
see Section 3.7, “The MPC855T and I mplementation of the PowerPC Architecture.”

3.3 Features
Figure 3-1 shows the basic features of the MPC855T.
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Figure 3-1. Block Diagram of the Core

Thefollowing isalist of the MPC8xx core main features:

32-bit implementation of PowerPC architecture features
— User-level instruction set (not including floating-point instructions)
— Thirty-two, 32-bit general-purpose registers (GPRs)
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— Registers required to support PowerPC user-level instruction set (except
floating-point instructions). These include the integer exception register (XER),
condition register (CR), link register (LR), and counter register (CTR).

— Time base upper and time base lower and registers (TBU and TBL)

— A subset of the supervisor-level registers for compliance with the following
PowerPC models:

— Configuration—Machine state register (MSR)

— Exception model—Save/restore registers 0 and 1 (SRRO and SRR1), DS
status register (DSISR), data address register (DAR)

— Core-specific registers compliant with PowerPC architecture
— Static branch prediction

— Precise exception model that includes the subset of the PowerPC exceptions
which supports the instruction set and memory management. The MPC855T
implements all PowerPC asynchronous exceptions (interrupts)—system reset,
machine check, decrementer, and external interrupts. MPC855T-specific
exceptions are PowerPC-compliant.

— Separate 32-entry instruction and data translation lookaside buffers (TLBS)
Core-specific features

— Fully static design

— Additional registers that support the MPC855T -specific features

— The ability to optimally issue and retire one instruction per clock cycle

— Out-of-order execution and in-order completion

— Extensive debug/testing support

3.4 Basic Structure of the Core
The MPCB855T core consists of the following subunits:

Instruction unit (sequencer)—Consists of the branch processing unit (BPU), the
instruction queue, and the exception handling mechanism.

Execution units—These consist of the following:

— Integer unit—Implements all integer arithmetic and logical instructions defined
by the PowerPC architecture:

— Load/store unit (LSU)—Implements al load and store instructions except
floating-point load/store instructions. Note that because the MPC855T does not
implement floating-point load and store instructions, this document refers to
integer load/store instructions simply as load/store instructions.
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3.4.1 Instruction Flow

As many as one instruction per clock cycle is fetched into the four-entry instruction queue
(1Q). The branch processing unit (BPU) predicts the outcome of branch instructionsand in
some cases, resolves whether the branch is taken. Figure 3-2 shows general instruction
flow.

Fetch (maximum one instruction per clock cycle) ;; ¢
Q3 Branch
1Q2 Unit

Instruction Queue 1Q1
1Q0

Dispatch (maximum one instruction per clock cycle]'

CQ5 Y
CQ4

Completion Queue CQ3 ~——_ | Execution
cQ2 Units

CQ1 /
CcQo

Retire (maximum one instruction per clock cycle) L

Figure 3-2. Instruction Flow Conceptual Diagram

Non-branch instructions reaching QO are dispatched to the execution units at an optimal
rate of one instruction per clock cycle. An instruction cannot be dispatched unless it can
also take a position in the six-entry compl etion queue (CQ).

All branch instructions, including unconditional branch instructions, reaching 1Q0 must
also take a position in the completion queue. This allows program order to be maintained,
it ensures a precise execution model, and it allows branch instructions to be used as
breakpoints.

All instructions enter the CQ along with processor state information that can be affected by
the instruction’s execution. Executed arithmetic instructions pass their results both to
rename buffers and to the architected registers (typically GPRs), but to ensure program
order, instructions remain in the CQ until they can be retired.

If an exception occurs before the instruction can be retired, any results are removed from
the rename buffer and GPR and the instruction is flushed from the compl etion queue, along
with subsequent instructions that have not executed or have not dispatched.

This information is used to enable out-of-order completion of instructions and ensure a
precise exception model. An instruction can beretired after all instructions ahead of it have
retired and it updates the architected destination registers without taking an exception.
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3.4.2 Basic Instruction Pipeline

Figure 3-3 shows instruction pipeline timing, showing how by distributing the processes
required to fetch, execute, and retire an instruction into stages, multiple instructions can be
processed during a single clock cycle.

Gelkl | L] [ | [ | [ | [ | [ | [ |
Fetch  Tiwz X sub X addic X muli X addi )

Decode | Iwz (sub) (addic)

Read + Execute | { Bubble) ("sub ) ((addic )

Writeback !

L Address Drive |

L Data :

Load Write Back !

Figure 3-3. Basic Instruction Pipeline Timing

3.4.3 Instruction Unit

Theinstruction unit implementsthe basic instruction pipeline, fetchesinstructions from the
memory system, dispatches them to available execution units, and maintains a state history
to ensure a precise exception model and that operations finish in order. The instruction unit
implements all branch processor instructions, including flow control and CR instructions.
Table 9-1. describes instruction latencies.

3.4.3.1 Branch Operations

Because branch instructions can change program flow and because most branches cannot
be resolved at the sametimethey arefetched, program branching can keep aprocessor from
operating at maximum instruction throughpui.

If a branch is mispredicted, additional time is required to flush the incorrect branch
instructions and begin fetching from the correct target stream, which can create bubblesin
the pipeline. To reduce the latency caused by misprediction, branch instructions allow the
programmer to indicate whether a branch islikely to be taken. Thisis called static branch
prediction.
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Figure 3-4. Sequencer Data Path

The instruction unit executes branches in parallel with those instructions that must be
dispatched to an execution unit. Ideally, a instruction is dispatched to an execution unit
every clock cycle, even when branches are in the code. The 1Q also eliminates stalls due to
instruction fetches that miss in the instruction cache or that generate a page fault. All
instructions are fetched into the 1Q, and al instructions except branch instructions are
dispatched to the execution units when they reach 1QO0. Branches enter the queue to mark
watchpoints. See Chapter 44, “ System Development and Debugging.” Because branchesdo
not prevent the issue of nonbranch instructions unless they come in pairs, the performance
impact of entering branchesin the 1Q is negligible.

The core also implements a branch reservation station and static branch prediction so
branches can be resolved as early as possible. The reservation station allows a branch
instruction to pass from the 1Q before its condition is ready. With the branch out of the way,
fetching can continue as the branch is evaluated. Static branch prediction (defined by the
PowerPC UISA) determines which instruction stream is prefetched while the branch is
being resolved. When the branch operand becomes available, it is forwarded to the BPU
and the condition is evaluated. The static branch prediction mechanism is shown in
Table 3-1.

Table 3-1. Static Branch Prediction

Branch Type Default Prediction (y=0) Modified Prediction (y=1)
BC with negative offset Taken Fall through
BC with positive offset Fall through Taken
BCLR or BCCTR (LR or CTR) address ready Fall through Taken
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Table 3-1. Static Branch Prediction (continued)

Branch Type Default Prediction (y=0) Modified Prediction (y=1)
BCLR or BCCTR (LR or CTR) address not ready Wait Wait
B (unconditional branch) Taken Taken

Branch instructions whose condition is unavailable are issued to the reservation station
until they are predicted. Branch instructions that issue with source data already available do
not require prediction (and are said to be resolved). Instructions fetched under a predicted
branch are conditionally fetched. The core flushes instructions conditionally fetched under
amispredicted branch.

3.4.3.2 Dispatching Instructions

The sequencer can dispatch a sequentia instruction on each clock if the appropriate
execution unit isavailable and aposition isfreein the completion queue. The execution unit
must be able to discern whether source data is available and to ensure that no other
executing instruction targets the same destination register. The sequencer informs the
execution units of the existence of theinstruction on theinstruction bus. The execution units
decode the instruction, check whether the source and destination operands are free, and
inform the sequencer whether instructions can be dispatched.

3.5 Register Set

Registers implemented in the MPC855T core can be grouped as follows:

» PowerPC registers. The MPC855T implements the user registers defined by the
UISA and VEA portions of the architecture except for those that support
floating-point operations. PowerPC registers implemented on the MPC855T are
described in Section Chapter 4, “MPC8xx Core Register Set,” and Section 4.1.2,
“PowerPC Registers—Supervisor Registers.”

* Implementation-specific registers. These are all special-purpose registers (SPRs).
These are described in Section 4.1.3, “MPC855T-Specific SPRs.”

3.6 Execution Units

As shown in Figure 3-1, the MPC855T alows paralel execution of instructions using
separate branch processing unit (BPU), load/store unit (LSU), and integer unit (1U). These
execution units are described in the following sections.
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3.6.1 Branch Processing Unit

The branch processing unit differs from the other execution unitsin that it examines branch
instructions while they are in the 1Q. Other instructions are dispatched to the IU and LSU
from 1Q0. For details about the performance of various instructions, see Table 3-1.

The core supports the UISA-defined static branch prediction. That is, the y bit is used to
provide a hint as to whether the branch the branch is likely to be taken or not taken. No
prediction is done for branches to the link register or count register if the target addressis
not ready (see Table 3-1 for details).

3.6.2 Integer Unit
The core implements the following types of integer instructions:

» Arithmetic instructions

» Compare instructions

» Trapinstructions

» Logicd instructions

* Rotate and shift instructions
Most integer instructions can execute in one clock cycle. For detail s about the performance
of the various instructions, see Table 3-1 of this manual.
Note the following special cases:

* |f an mtspr or mfspr instruction specifiesan invalid SPR in which spr[0] =1, a

program exception occurs if the processor isin user mode. Valid SPRs are listed in
Chapter 4, “MPC8xx Core Register Set.”

* If divw[0][.] is used to perform either (0x80000000 + -1) or (<anything> + 0), the
contents of r D are 0x8000 0000 and if Rc = 1, the contents of the bitsinthe CR field
OareLT =1, GT =0, EQ =0, and SO is set to the correct value.

* Inthe cmpi, cmp, cmpli, and cmpl instructions, the L bit is applicable for 64-bit
implementations. For the MPC855T, if L = 1 theinstruction formisinvalid. The
coreignoresthisbit and, therefore, the behavior when L = lisidentical tothevalid
form instruction withL = 0.

3.6.3 Load/Store Unit

The load/store unit (LSU) transfers all data between the GPRs and the processor’s internal
bus. It is implemented as an independent execution unit so that stalls in the memory
pipeline affect the master instruction pipeline only if there is a data dependency.

Thefollowing lists the LSU’s main features:
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* Allinstructionsimplemented in hardware, including unaligned, string, and multiple
accesses

» Two-entry load/store instruction address queue

* Pipelined operation. The LSU pipelines |oad accesses. Individual cache accesses of
al multiple-register instructions and unaligned accesses are pipelined into the data
cache interface.

» Load/store multiple and string instructions synchronize

» Load/store breakpoint/watchpoint detection support

* TheLSU implements cache and TL B management instructions as special buswrite
cycles, which are issued to the data cache interface.

Figure 3-5isablock diagram of the L SU and itstwo queues. The address queueisa2-entry
queue shared by all load/store instructions and the integer data queue is a 2-entry, 32-bit
gueue that holds integer data.

The LSU has a dedicated writeback bus so that loaded data received from the internal bus
iswritten directly back to the GPRs.

Integer
Unit GPRs CORE
A
Integer Integer
Add
ress Load Data |Store Data
32-Bit 32-Bit 32-Bit
4 y
LOAD/STORE
UNIT
L Integer
Address 32-Bit Data Queue
Queue B y o
and < ]
Increment
y A\

. D-Cache/D-MMU .
%SZ-BH Interface %SZ-Blt
Figure 3-5. LSU Functional Block Diagram

To execute multiple/string instructions and unaligned accesses, the L SU incrementsthe EA
to access all necessary data. This allows the LSU to execute unaligned accesses without
stalling the master instruction pipeline.
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3.6.3.1 Executing Load/Store Instructions

When load or store instructions are dispatched, the LSU determines if all of the operands
are available. These operands include the following:

» Address register operands

» Source data register operands (for store instructions)

» Destination dataregisters (for load instructions)

» Destination address GPRs (for |oad/store with update instructions)

If all operands are available, the LSU takes the instruction and enables the sequencer to
issue a new instruction. Then, using a dedicated interface, the LSU notifies the integer unit
of the need to calculate the EA. All load/store instructions are executed and finished in
order. If no prior instructions are in the address queue, the |oad/store operation is issued to
the data cache when the instruction executes. Otherwise, if prior instructions remain whose
addresses have not been issued to the data cache, the instruction’s address and data are
placed in their respective queues. For |oad/store with update instructions, the destination
address register is written back on the following clock cycle, regardiess of the address
gqueue’s stete.

3.6.3.2 Serializing Load/Store Instructions
The following load/store instructions are not executed until all previous instructions have
finished.

» Load/store multiple instructions—Imw, stmw

* Memory synchronization instructions—Iwar x, stwcx., sync

» String instructions—Iswi, Iswx, stswi, stswx

* Moveto SPRs

The following load/store instructions must finish before more instructions can be issued.
» Load/store multiple instructions—Imw, stmw
* Memory synchronization instructions—Iwar x, stwcx., sync
» String instructions—Iswi, Iswx, stswi, stswx

3.6.3.3 Store Accesses

Because the core supports the precise exception model, a new store instruction cannot
update the data cache until all prior instructions have finished without an exception. If a
store instruction follows a load instruction, a one-clock delay is inserted between the load
bus cycle termination and the store cycle issue.
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3.6.3.4 Nonspeculative Load Instructions

Load instructions targeted at nonspecul ative memory are identified as nonspeculative one
clock cycle after the previous load/store bus cycle ends, only if all prior instructions have
finished without an exception.

The nonspecul ative identification relates to the state of the cycle's associated instruction.
For Imw, athough the accesses are pipelined into the bus, they are al marked as
nonspeculative because the instruction is nonspeculative. If a single-register load
instruction generates more than one bus cycle, some of the cycles can be marked as
speculative and later cycles can be marked as nonspecul ative after al prior instructions end.
Speculative load accessesto external memory marked nonspecul ative cannot occur until the
load instruction becomes nonspecul ative.

3.6.3.5 Unaligned Accesses

Although the 32-bit U-bus supports only naturally aligned transfers, the LSU supports
unaligned accesses in hardware by breaking them into a pipelined series of aligned
transfers. Table 3-2 shows the number of bus cycles needed for single-register load/store
accesses.

Table 3-2. Bus Cycles Needed for Single-Register Load/Store Accesses

Transfer Size | Transfer Address (Last Two Bits) | Number of Bus Cycles | Transfer Type | Address/Size
Byte 0x00 1 Aligned 0x00/byte
0x01 1 Aligned 0x01/byte
0x02 1 Aligned 0x02/byte
0x03 1 Aligned 0x03/byte

Half Word 0x00 1 Aligned 0x00/halfword
0x01 2 Unaligned 0x01/byte
0x02/byte

0x02 1 Aligned 0x02/halfword
0x03 2 Unaligned 0x03/byte
0x04/byte
Word 0x00 1 Aligned 0x00/word
0x01 3 Unaligned 0x01/byte

0x02/halfword
0x05/byte

0x02 2 Unaligned 0x02/halfword

0x04/halfword
0x03 3 Unaligned 0x03/byte

0x04/halfword
0x06/byte
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3.6.3.6 Atomic Update Primitives

Thelwar x and stwcx. instructions are atomic update primitives and are used to set and clear
memory reservations. Reservation accesses made by the same processor are implemented
by the LSU. The external bus interface implements memory reservations as they relate to
accesses made by external bus devices. Accesses made by other internal devicesto internal
memoriesimplement memory reservations asthey relateto special internal bussnoop logic.

When an Iwar x instruction executes, the L SU issues a cycleto the data cache with a special
attribute. For external memory accesses, this attribute causes the external bus interface to
set a memory reservation during the address tenure. External logic must then snoop the
external busto determineif another device breaks the memory reservation by accessing the
same location. KR and CR signals are available to external logic to signal loss of a
reservation to the external bus interface. When an stwcx. instruction addresses externa
memory and the external businterface determinesthat the reservation waslost, it blocksthe
external bus access and notifies the LSU.

The MPCB855T supports the memory reservation mechanism in ahierarchical bus structure.
For reservations on internal memory, an lwarx causes on-chip snoop logic to latch the
address. This logic notifies the LSU of any internal master store access and resets the
reservation. If anew lwar x instruction address tenure executes successfully, it replaces any
previous reservation address at the appropriate snoop logic. However, executing an stwcx.
instruction cancels the reservation unless an alignment exception is detected.

3.7 The MPC855T and Implementation of the
PowerPC Architecture

This section describes the relationship between the MPC855T and implementation of the
PowerPC architecture. It indicates the types of distinguishing features of the MPC855T
described in the following:

* In many cases, the PowerPC architecture specification is flexible enough to allow
Implementation options. For example, the architecture does not specify whether
unaligned transfers must be handled in hardware or whether instruction execution
must be performed in hardware or software.

» The PowerPC architecture defines optional features, some of which are
implemented on the MPC855T (such as TLBs) and some of which are not, such as
the eciwx and ecowx instructions.

» The PowerPC architecture defines features, such as virtual memory and
floating-point instructions, that are not implemented on the MPC855T.
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Table 3-3 summarizes MPCB855T features with respect to the UISA definition.

Table 3-3. UISA-Level Features

Functionality

Description

Reserved fields

Reserved fields in instructions are described under the specific instruction definition in Chapter 5,
“MPC855T Instruction Set.” Unless otherwise stated, instruction fields marked I, Il, and Il are
discarded during decoding. Thus, this type of instruction yields results of the defined instructions
with the appropriate field = 0. In most cases, reserved fields in registers are ignored on write and
return zeros for them on read for any control register implemented by the core. Exceptions are
XER[16-23] and the reserved bits of MSR, which are set by the source value on write and return
the value last set for it on read.

Classes of Required instructions (except floating-point load, store, and compute instructions) are implemented

Instructions in hardware. Optional instructions are executed by implementation-dependent code; any attempt
to execute one of these commands causes the core to take the software emulation exception (offset
0x01000). lllegal and reserved instruction class instructions are supported by
implementation-dependent code and, thus the core hardware generates a software emulation
exception.

Exceptions Invocation of the system software for any exception caused by an instruction in the core is precise,
regardless of the type and setting.

Fetching The core fetches a number of instructions into its IQ from which they are dispatched to the
instructions execution units. If a program modifies instructions, it should call a system library program to ensure
that the instruction fetching mechanism can detect changes before execution.

Branch The core implements all UISA instructions defined for the branch processor in hardware. For details
instructions about the performance of various instructions, see Table 3-1.

Invalid branch
instruction forms

Bits marked with z in the BO encoding definition default to z = 0 and are discarded by the core
decoding. Thus, these instructions yield results of defined instructions for which z = 0. If the
decrement and test CTR option is specified for the bcctr or bectrl instructions, the target address
of the branch is the new value of the CTR. Condition is evaluated correctly, including the value of
the counter after decrement.

Branch prediction

The core uses the y bit to predict path for prefetch. Prediction is only done for not-ready branch
conditions. No prediction is done for branches to the link or count register if the target address is
not ready (see Table 3-1.).

Integer processor

The core implements the following integer instructions:
 Arithmetic instructions

» Compare instructions

 Trap instructions

 Logical instructions

* Rotate and shift instructions

Move to/from
SPR instructions

Move to/from invalid SPRs in which SPR[0] = 1 invokes the privileged instruction error exception
handler if the processor is in user mode.

Integer arithmetic
instructions

Attempting to use divw to perform either 0Ox80000000 - -1 or <anything> =+ 0 sets the contents of
rD to 0x80000000 and if Rc =1, the contents CRO are LT =1, GT =0, and EQ = 0. SO is set to the
correct value.

In the cmpi, cmp, cmpli, and cmpl instructions, the L bit is applicable for 64-bit implementations.
For the MPCB855T, if L = 1 the instruction form is invalid. The core ignores this bit and, therefore,
the behavior when L = 1 is identical to the valid form instruction with L = 0.

Integer load/store
with update
instructions

For load with update and store with update instructions where rA = 0, the EA is written into r0. For
load with update instructions where rA = rD, rA is boundedly undefined.
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Table 3-3. UISA-Level Features (continued)

Functionality Description

Integer load/ store | For these types of instructions, EA must be a multiple of four. If it is not, the system alignment error
multiple handler is invoked. For an Imw instruction (if rA is in the range of registers to be loaded), the
instructions instruction completes normally. rA is then loaded from the memory location as follows:

rA <- MEM(EA+(rA-rD)*4, 4)

Integer load string | Load string instructions behave like load multiple instructions with respect to invalid format in which

instructions rAis in the range of registers to be loaded. If rA is in the range, it is updated from memory.
Memory For these instructions, if EA is not a multiple of four, the system alignment error handler is invoked.
synchronization

instructions

Optional No optional instructions are supported.

instructions

Little-endian byte | The LSU supports little-endian byte ordering as specified in the UISA. In little-endian mode, trying
ordering to execute an unaligned individual scalar or multiple/string access causes an alignment exception.

Table 3-4 summarizes MPC855T features with respect to the VEA definition.
Table 3-4. VEA-Level Features

Functionality Description
Memory Memory coherency is not supported in the MPC855T hardware, but can be performed in the software
coherency or by defining memory as cache inhibited. In addition, the MPC855T does not provide any data storage

attributes to an external system.

Atomicupdate | Both the lwarx and stwcx. instructions are implemented according to the PowerPC architecture
primitives requirements. When memory accessed by the lwarx and stwcx. instructions is in the cache-allowed
mode, it is assumed that the system works with the single master in this memory region. Therefore, if
a data cache miss occurs, the access on the internal and external buses does not have a reservation
attribute. The MPC855TMPC855T does not cause the system DSI exception handler to be invoked if
memory accessed by the lwarx and stwcx. instructions is in write-through required mode. Also, the
MPCB855T does not support snooping an external bus activity outside the chip. The provision is made
to cancel the reservation inside the MPC855T by using the CR and KR input signals. For accesses to
internal resources, internal snoop logic monitors the internal bus for communication processor module
(CPM) accesses of the address associated with the last Iwarx instruction.

The effect of | The LSU hardware supports all PowerPC integer load/store instructions. Naturally-aligned operands
operand give optimal performance for a maximum size of four bytes. Unaligned operands are supported in
placement on | hardware and are broken into a series of aligned transfers. The effect of operand placement on
performance |performance is as stated in the VEA, except for 8-byte operands. Because the MPC855T uses a 32-bit
data bus, performance is good rather than optimal. See Section 3.6.3.5, “Unaligned Accesses for a
description of integer unaligned instruction execution and timing and to Section 9.2.2, “String
Instruction Latency,” for a description of string instruction timing.
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Table 3-4. VEA-Level Features (continued)

Functionality

Description

Memory
control
instructions

The MPCB855T interprets cache control instructions as if they pertain only to the MPC855T cache.
These instructions do not broadcast. Any bus activity caused by these instructions results from an
operation performed on the MPC855T cache and not because of the instruction itself.

« sInstruction Cache Block Invalidate (icbi)—The MMU translates the EA and the associated
instruction cache block is invalidated if hit.

* eInstruction Synchronize (isync)—The isync instruction waits for all previous instructions to
complete and then discards any prefetched instructions, causing subsequent instructions to be
fetched or refetched from memory and executed.

« «Data Cache Block Touch (dcht) and Data Cache Block Touch for Store (dcbtst)—The appropriate
cache block is checked for a hit. If it is a miss, the instruction is treated as a regular miss, except
that bus error does not cause an exception. If no error occurs, the cache is updated.

» «Data Cache Block Set to Zero (dcbz)—Executes as defined in the VEA.

» «Data Cache Block Store (dcbst)—Executes as defined in the VEA.

 «Data Cache Block Invalidate (dcbi)—The MMU translates the EA and the associative data cache
block is invalidated if hit.

 «Data Cache Block Flush (dcbf)—Executes as defined in the VEA.

« <Enforce In-Order Execution of /O (eieio)—When executing an eieio instruction, the LSU waits for
previous accesses to terminate before beginning accesses associated with load/store instructions
after the eieio instruction.

Time base

The time base functions as defined by the VEA and supports an additional implementation-specific
exception. The time base is described in Chapter 10, “System Interface Unit,” and in Chapter 14,
“Clocks and Power Control.”

Table 3-5 summarizes MPC855T features with respect to the OEA definition.

Table 3-5. OEA-Level Features

Functionality

Description

Machine state

The floating-point exception mode (bits FEO and FEL1) is ignored by the MPC855T. The IP bit initial

register state after reset is set as programmed by the reset configuration specified in Section 6.1.2.1, “System
Reset Interrupt (0x00100).”
Processor The value of the PVR register’s version field is 0x0050. The value of the revision field is 0x0000 and

version register

it is incremented each time the software distinguishes between the revisions.

Other OEA The following registers are not implemented: SDR1, BAT registers, segment registers, and EAR
registers
Page size The MPC855T differs from the OEA-defined memory management mode with respect to page sizes.

Page sizes are 4, 16, and 512 Kbytes, and 8 Mbytes with an optional subpage granularity of 1 Kbyte
for 4-Kbyte pages in a maximum physical memory size of 4 Gbytes. Neither ordinary or direct-store
segments are supported.

Address space

The MPCB855T differs from the OEA-defined memory management model. Specifically, it does not
support the same address translation mechanism that requires an intermediate 52-bit virtual
address. It also does not support block address translation or the associated block address
translation SPRs. In its place, the MPC855T's internal memory space includes memory-mapped
control registers and memory used by various modules on the chip. This memory is part of the main
memory as seen by the core but cannot be accessed by any external system device.
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Table 3-5. OEA-Level Features (continued)

Functionality Description
Address If address translation is disabled (MSR[IR] = 0 for instruction accesses or MSR[DR] = 0 for data
translation accesses), the EA is treated as the physical address and is passed directly to the memory

subsystem. Otherwise, the EA is translated by using the MMU’s TLB mechanism. Instructions are not
fetched from no-execute or guarded memory and data accesses are not executed speculatively to or
from the guarded memory. The features of the MMU hardware are as follows:

¢ 8entry fully associative ITLB

« 8-entry fully associative DTLB

» Supports up to 16 virtual address spaces

e Supports 16 access protection groups

« Supports fast software table search mechanism

The MPC855T MMU is described in detail in Chapter 8, “Memory Management Unit.”

Reference and | No reference bit is supported by the MPC855T. However, the change bit is supported by using the

change bits data TLB error exception mechanism when writing to an unmodified page.
Memory Two protection modes are supported by the MPC855T:
protection « Domain manager mode

¢ PowerPC mode
See Chapter 8, “Memory Management Unit.”
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Chapter 4
MPC8xx Core Register Set

This chapter describes the software-accessible registers implemented on the MPC855T.
These include registers that are defined by the PowerPC architecture and registers that are
gpecific to the MPC855T. This section does not include registers that are part of the
communication processor module (CPM); these registers are described in PartV,
“Communications Processor Module.” Refer to the Programming Environments Manual
for 32-Bit Implementations of the Power PC Architecture for more information about the
architecture's register definition.

4.1 MPCB855T Register Implementation
Registers implemented in the MPC855T core can be grouped as follows:

Two types of registers as defined by the PowerPC architecture.
— User registers, which can be accessed by user-level software. All PowerPC

user-level registers are defined by the user instruction set architecture (UISA)
except for the time base registers, which can be read by user-level software and
are defined by the virtual environment architecture (VEA). User registers are
described in Section 4.1.1, “ PowerPC Registers—User Registers.”

Supervisor registers, which can be accessed by supervisor software and in some
cases are the automatic result of hardware activity, such aswhen an exceptionis
taken and when the system is reset. All supervisor registers are defined by the
operating environment architecture (OEA), except the time base registers, which
can be written to only by supervisor software and are defined by the VEA.
PowerPC supervisor registers are described in Section 4.1.2, “PowerPC
Registers—Supervisor Registers.”

The UISA, VEA, and OEA architecture definitions are described in Section 3.2.1,
“Levels of the PowerPC Architecture.”

MPCB855T-specific registers. These registers are either supervisor-level registers or
debug registers. These are described briefly in Section 4.1.3, “MPC855T-Specific
SPRs,” Table 4-9 and Table 2-1 provide cross referencesto the sectionsin this book
where each register is described.
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4.1.1 PowerPC Registers—User Registers

The MPC855T implements the user-level registers defined by the PowerPC architecture
except those required for supporting floating-point operations (the floating-point register
file (FPRs) and the floating-point status and control register (FPSCR)). User-level,
PowerPC registers are listed in Table4-1 and Table4-2. Table4-2 lists user-level
special-purpose registers (SPRs).

Table 4-1. User-Level PowerPC Registers

Description Name Comments Access Level | Serialize Access
General-purpose GPRs | The thirty-two 32-bit (GPRs) are used for source User —
registers and destination operands.
Condition register CR | See Section 4.1.1.1.1, “Condition Register (CR).” User Only mtcrf

Table 4-2 lists SPRs defined by the PowerPC architecture implemented on the MPC855T.
Table 4-2. User-Level PowerPC SPRs

SPR Number
Name Comments Serialize Access
Decimal | SPR [5-9] | SPR [0-4]
1 00000 00001 XER See Section 4.1.1.1.3, | Write: Full sync
“XER” Read: Sync relative to load/store operations
8 00000 01000 LR See the Programming | No
Environments Manual
9 00000 01001 CTR See the Programming | No
Environments Manual
268 01000 01100 |TBLread !|Section 10.9, “The Write (as a store)
51 Timebase.”
269 01000 01101 |TBU read

1 Extended opcode for mfth, 371 rather than 339.
2 Any write (mtspr) to this address causes an implementation-dependent software emulation exception.

4.1.1.1 PowerPC User-Level Register Bit Assignments

This section describes bit assignments of PowerPC registers implemented by the
MPCB855T. For more details, see the Programming Environments Manual for 32-Bit
Processors.
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4.1.1.1.1 Condition Register (CR)

The condition register (CR) is a 32-bit register that reflects the result of certain operations
and provides a mechanism for testing and branching. The bits in the CR are grouped into
eight 4-bit fields, CRO-CR7, as shown in Figure 4-1.

CRO CR1 CR2 CR3 CR4 CR5 CR6 CR7
0 3 4 7 8 11 12 15 16 19 20 23 24 27 28 31

Figure 4-1. Condition Register (CR)

The CR fields can be set in one of the following ways:

» Specified fields of the CR can be set from a GPR by using the mtcrf instruction.
* Anmcrf instruction can move the contents of XER[0-3] to aCR field.
* Anmcrxr instruction can copy a specified XER field to a specified CR field.

» Condition register logical instructions perform logical operations on specified CR
bits.

* CRO can be theimplicit result of an integer instruction.
» A specified CR field can indicate the result of an integer compare instruction.

Note that branch instructions are provided to test individual CR bits.

4.1.1.1.2 Condition Register CRO Field Definition

For al integer instructions, when the CR is set to reflect the result of the operation (that is,
when Rc = 1), and for addic., andi., and andis.,, CRO[0-2] are set by an agebraic
comparison of the result to zero; CRO[ 3] is copied from XER[SO]. For integer instructions,
CR[0-3] reflects the result as a signed quantity.

The CR bits are interpreted as shown in Table 4-3. If any portion of the result is undefined,
the value placed into CRO[0—3] is undefined.

Table 4-3. Bit Settings for CRO Field of CR

CRO Bit Description

Negative (LT). Set when the result is negative.

Positive (GT). Set when the result is positive (and not zero).

0
1
2 Zero (EQ). Set when the result is zero.
3

Summary overflow (SO). This is a copy of the final state of XER[SO] at the completion of the instruction.

Note that CRO may not reflect the true (that is, infinitely precise) result if overflow occurs.
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41.1.13 XER

Figure 4-2 shows XER bit assignments. Settings are based on the final result produced by
executing an instruction.

Bit o| 1|2 | 3| 4|5 |6 | 7| 8|9 |10]11|12]13]| 14| 15
Field | SO | ov | cA —

Reset 0000_0000_0000_0000

RIW RIW

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

Reset 0000_0000_0000_0000

RIW RIW

Figure 4-2. XER Register

XER bits are described in Table 4-4.
Table 4-4. XER Field Definitions

Bit(s) | Name Description

0 SO Summary overflow. Set when an instruction (except mtspr) sets the overflow bit (OV). Once set, SO
remains set until it is cleared by an mtspr(XER) or an mcrxr instruction. It is not altered by compare
instructions or other instructions (except mtspr(XER) and mcrxr) that cannot overflow.

1 ov Overflow. Set to indicate that an overflow occurred during execution of an instruction. Add, subtract
from, and negate instructions with OE = 1 set OV if the carry out of the msb is not equal to the carry
out of the msb + 1 and clear it otherwise. Multiply low and divide instructions with OE = 1 set OV if
the result cannot be represented in 32 bits (mullw, divw, divwu) and clear it otherwise. The OV bit
is not altered by compare instructions that cannot overflow (except mtspr(XER) and mcrxr).

2 CA Carry. Set during execution of the following instructions:

» «Add carrying, subtract from carrying, add extended, and subtract from extended instructions set
CA if there is a carry out of the msb, and clear it otherwise.

« « Shift right algebraic instructions set CA if any 1 bits have been shifted out of a negative operand,
and clear it otherwise.

The CA bit is not altered by compare instructions, nor by other instructions that cannot carry (except

shift right algebraic, mtspr(XER), and mcrxr).

3-24 — Reserved

25-31 |BCNT | Specifies the number of bytes to be transferred by a Load String Word Indexed (Iswx) or Store String
Word Indexed (stswx) instruction.

Although divide instructions have arelatively long latency, they can update XER[OV] after
one cycle. Therefore, data dependency on the XER is limited to one cycle, although the
divide instruction latency can be a maximum of 11 clocks.
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4.1.1.1.4 Time Base Registers

Thetimebaseregisters (TBU and TBL) are described in Section 10.9, “The Timebase,” and
in Chapter 14, “Clocks and Power Control.” The PowerPC architecture does not define an
exception associated directly with the time base, but one isimplemented in the MPC855T.

4.1.2 PowerPC Registers—Supervisor Registers

All supervisor-level registers implemented on the MPC855T are SPRs, except for the
machine state register (MSR), described in Table 4-5.

Table 4-5. Supervisor-Level PowerPC Registers

Description

Name

Comments

Serialize Access

Machine state register

MSR

See Section 4.1.2.3.1, “Machine State Register (MSR).”

Write fetch sync

Table 4-6 lists supervisor-level SPRs defined by the PowerPC architecture.
Table 4-6. Supervisor-Level PowerPC SPRs

SPR Number
Name Comments Serialize Access
Decimal | SPR[5-9] | SPR[0-4]
18 00000 10010 DSISR See the Programming Environments | Write: Full sync
Manual and Section 4.1.2.1, “DAR, Read: Sync relative to
DSISR, and BAR Operation.” load/store operations
19 00000 10011 DAR See the Programming Environments | Write: Full sync
Manual and Section 4.1.2.1, “DAR, Read: Sync relative to
DSISR, and BAR Operation.” load/store operations
22 00000 10110 DEC See Section 10.8.1, “Decrementer Write
Register (DEC),” and in Chapter 14,
“Clocks and Power Control”
26 00000 11010 |SRRO See SRRO settings for individual Write
exceptions in Chapter 6, “Exceptions.”
27 00000 11011 SRR1 See SRR1 settings for individual Write
exceptions in Chapter 6, “Exceptions.”
272 01000 10000 SPRGO See the Programming Environments | Write
Manual.
273 01000 10001 |SPRG1
274 01000 10010 |SPRG2
275 01000 10011 |SPRG3
284 01000 11100 TBL write 1 | See Section 10.9, “The Timebase,” Write (as a store)
— and Chapter 14, “Clocks and Power
285 01000 11101 | TBU write* | ~onirol”
287 01000 11111 PVR Section 4.1.2.3.2, “Processor Version | No (read-only register)
Register.”

1 Any read (mftb) to this address causes an implementation-dependent software emulation exception.
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4.1.2.1 DAR, DSISR, and BAR Operation
The LSU updates the DAR, DSISR, and BAR when an exception is taken.

* Whenabuserror occurs, the data addressregister (DAR) isloaded with the effective
address. For instructions that generate multiple accesses, the effective address of the
first offending tenure is loaded.

» TheDSl status register (DSISR) notifies the error handler when an exception is
caused by aload or store. For adata MMU error, the data MMU loads the DSISR
with error status. For alignment exceptions, the DSISR isloaded with theinstruction
information as defined by the PowerPC architecture.

* The breakpoint address register (BAR) notifies the address on which a data
breakpoint occurred. For amultiple-cycleinstruction, the BAR containsthe address
of thefirst cycle with which the breakpoint condition was associated. The BAR has
avalid value only when a data breakpoint exception is taken. At any other time, its
valueisboundedly undefined (thisterm is defined very specifically by the PowerPC
architecture and is discussed in the Programming Environments Manual).

The following situations cause the DAR, BAR, and DSISR registers to be updated.
Table 4-7.Value Summary of the DAR, BAR, and DSISR Registers

Exception Type DAR Value DSISR Value BAR Value
DSl Cycle EA Data MMU error status Undefined
Alignment Data EA Instruction information Undefined
Data breakpoint Does not change Does not change Cycle EA
Machine check Cycle EA Instruction information Undefined
Software emulation exception Does not change Does not change Undefined
Floating-point unavailable Does not change Does not change Undefined
Program exception Does not change Does not change Does not change

4.1.2.2 Unsupported Registers
The MPCB855T does not support the following OEA registers:
» DBATsand IBATs—The MPC855T does not support block address trandlation.
» EAR—The MPCB855T does not support the optional external access facility.
* SDR1—The MPCB855T does not support memory segments.
*  Segment registers—The MPC855T does not support memory segments.

4.1.2.3 PowerPC Supervisor-Level Register Bit Assignments

This section describes bit assignments of supervisor-level PowerPC registers implemented
by the MPC855T. For more details, see the Programming Environments Manual for 32-Bit
Processors.
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4.1.2.3.1 Machine State Register (MSR)

The 32-bit machine state register (MSR) is used to configure such parameters as the
privilege level, whether trandation is enabled, and the endian-mode. It can be read by the
mfmsr instruction and modified by the mtmsr, sc, and rfi instructions.

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

Field — POW| — | ILE
Reset 0000_0000_0000_0000
RIW RIW

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

Field | EE | PR | FP | ME | — SE | BE — IP IR DR — RI LE
Reset| O 0 0 0 0 0 0 0 0 — 0 0 — 0 0
R/W R/W

Figure 4-3. Machine State Register (MSR)

When an exception is taken, most MSR bits are saved in the SRR1 and the MSR is
reconfigured with the state of the exception handler using the values in Figure 4-3. This
process is described in Section 6.1.6, “ Exception Latency.”

After ahard reset, MSR[IP] takes the value specified in hard reset configuration word. See
Section 11.3.1.1, “Hard Reset Configuration Word.” M SR bits are described in Table 4-8.

Table 4-8. MSR Field Descriptions

Bit(s) | Name Description
0-12 |— Reserved
13 POW | Power management enable

0 Power management disabled (normal operation mode)

1 Power management enabled (reduced power mode)

Note: Power management functions are implementation-dependent; see Section 14.5, “Power Control
(Low-Power Modes).”

14 — Reserved

15 ILE Exception little-endian mode. When an exception occurs, this bit is copied into MSR[LE] to select the
endian mode for the context established by the exception.

16 EE! |External interrupt enable
0 The processor delays recognition of external and decrementer interrupt conditions.
1 The processor is enabled to take an external or decrementer interrupt.

17 PR |Privilege level
0 The processor can execute both user- and supervisor-level instructions.
1 The processor can only execute user-level instructions.

18 FP1 | Floating-point available.

0 The processor prevents dispatch of floating-point instructions, including floating-point loads, stores,
and moves.

1 The processor can execute floating-point instructions. (This setting is invalid on the MPC855T)
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Table 4-8. MSR Field Descriptions (continued)

Bit(s) | Name Description

19 ME! | Machine check enable
0 Machine check exceptions are disabled.
1 Machine check exceptions are enabled.

20 — Reserved

21 SE! | Single-step trace enable (Optional)

0 The processor executes instructions normally.

1 A single-step trace exception is generated when the next instruction executes successfully.
Note: If the function is not implemented, SE is treated as reserved.

22 BE!l |Branch trace enable (Optional)

0 The processor executes branch instructions normally.

1 The processor generates a branch trace exception after completing the execution of a branch
instruction, regardless of whether the branch was taken.

Note: If the function is not implemented, this bit is treated as reserved.

23-24 |— Reserved

25 IP Exception prefix. The setting of IP specifies whether an exception vector offset is prepended with Fs
or Os. In the following description, nnnnn is the offset of the exception vector. See Table 6-1.

0 Exceptions are vectored to the physical address 0x000n_nnnn

1 Exceptions are vectored to the physical address OXFFFn_nnnn

The reset value of IP is determined by the IIP bit (bit 2) in the hard reset configuration word. See
Section 11.3.1.1, “Hard Reset Configuration Word.” Subsequent soft resets cause IP to revert to the
value latched during hard reset configuration.

26 IR1 Instruction address translation

0 Instruction address translation is disabled.

1 Instruction address translation is enabled.

For more information, see Chapter 8, “Memory Management Unit.”

27 DR! Data address translation

0 Data address translation is disabled.

1 Data address translation is enabled.

For more information, see Chapter 8, “Memory Management Unit.”

28-29 |— Reserved

30 Ri1 Recoverable exception (for system reset and machine check exceptions).
0 Exception is not recoverable.

1 Exception is recoverable.

For more information, see Chapter 6, “Exceptions.”

31 LE! |Little-endian mode enable
0 The processor runs in big-endian mode.
1 The processor runs in little-endian mode.

1 These bits are loaded into SRR1 when an exception is taken. These bits are written back into the MSR when an  rfi
is executed.

4.1.2.3.2 Processor Version Register

The value of the PVR register’s version field is 0x0050. The value of the revision field is
incremented each time the coreis revised.
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4.1.3 MPC855T-Specific SPRs

Table 4-2 and Table 4-9 list SPRs specific to the MPC855T. Debug registers, which have
additional protection, are described in Chapter 44, “ System Devel opment and Debugging.”
Supervisor-level registers are described in Table 4-9.

Table 4-9. MPC855T-Specific Supervisor-Level SPRs

SPR Number
Name Comments Serialize Access
Decimal | SPR[5-9] | SPR[0-4]

80 00010 10000 EIE See Section 6.1.5, “Recoverability Write
after an Exception.”

81 00010 10001 |EID — Write

82 00010 10010 |NRI — Write

631 10011 10111 |DPIR 1 — Fetch-only

638 10011 11110 |[IMMR Section 10.4.1, “Internal Memory Map | Write (as a store)
Register (IMMR).”

560 10001 10000 |IC_CST Section 7.3.1, “Instruction Cache Write (as a store)
Control Registers”

561 10001 10001 |[IC_ADR Section 7.3.1, “Instruction Cache Write (as a store)
Control Registers™

562 10001 10010 |[IC_DAT Section 7.3.1, “Instruction Cache Write (as a store)
Control Registers™

568 10001 11000 |DC_CST Section 7.3.2, “Data Cache Control Write (as a store)
Registers”

569 10001 11001 |[DC_ADR Section 7.3.2, “Data Cache Control Write (as a store)
Registers”

570 10001 11010 |DC_DAT Section 7.3.2, “Data Cache Control Write (as a store)
Registers”

784 11000 10000 |[MI_CTR Section 8.8.1, “IMMU Control Register | Write (as a store)
(MI_CTR)"

786 11000 10010 |[MI_AP Section 8.8.10, “MMU Access Write (as a store)
Protection Registers
(MI_AP/MD_AP)"

787 11000 10011 |MI_EPN Section 8.8.3, “IMMU/DMMU Effective | Write (as a store)
Page Number Register (Mx_EPN)”

789 11000 10101 |[ML_TWC Section 8.8.4, “IMMU Tablewalk Write (as a store)

(MI_L1DL2P) Control Register (MI_TWC)

790 11000 10110 |MI_RPN Section 8.8.6, “IMMU Real Page Write (as a store)
Number Register (MI_RPN)”

816 11001 10000 |MI_CAM Section 8.8.12.1, “IMMU CAM Entry | Write (as a store)
Read Register (MI_CAM)”

817 11001 10001 |[MI_RAMO Section 8.8.12.2, “IMMU RAM Entry | Write (as a store)
Read Register 0 (MI_RAMO0)”

Chapter 4. MPC8xx Core Register Set




g |

VIPC855T Register Implementation

Table 4-9. MPC855T-Specific Supervisor-Level SPRs (continued)

SPR Number
Name Comments Serialize Access
Decimal | SPR[5-9] | SPR[0-4]

818 11001 10010 |[MI_RAM1 Section 8.8.13, “DMMU RAM Entry Write (as a store)
Read Register 1 (MD_RAM1)”

792 11000 11000 |[MD_CTR Section 8.8.2, “DMMU Control Write (as a store)
Register (MD_CTR).”

793 11000 11001 M_CASID Section 8.8.9, “MMU Current Address | Write (as a store)
Space ID Register (M_CASID)”

794 11000 11010 |[MD_AP Section 8.8.10, “MMU Access Write (as a store)
Protection Registers
(MI_AP/MD_AP)"

795 11000 11011 |[MD_EPN Section 8.8.3, “IMMU/DMMU Effective | Write (as a store)
Page Number Register (Mx_EPN)”

796 11000 11100 M_TWB Section 8.8.8, “MMU Tablewalk Base |Write (as a store)

(MD_L1P) Register (M_TWB)”"
797 11000 11101 |(MD_TWC Section 8.8.5, “DMMU Tablewalk Write (as a store)
(MD_L1DL2P) Control Register (MD_TWC)”

798 11000 11110 |[MD_RPN Section 8.8.7, “DMMU Real Page Write (as a store)
Number Register (MD_RPN)”

799 11000 11111 |M_TW (M_SAVE) | Section 8.8.11, “MMU Tablewalk Write (as a store)
Special Register (M_TW)”

824 11001 11000 |[MD_CAM Section 8.8.12.4, “DMMU CAM Entry |Write (as a store)
Read Register (MD_CAM)”

825 11001 11001 |[MD_RAMO Section 8.8.12.5, “DMMU RAM Entry |Write (as a store)
Read Register 0 (MD_RAMO0)”

826 11001 11010 |MD_RAM1 Section 8.8.13, “DMMU RAM Entry Write (as a store)
Read Register 1 (MD_RAM1)”

1 Fetch-only register; mtspr is ignored; using mfspr gives an undefined value.

Debug-level registers are described in Table4-10. These registers are described in
Section 44.5.1, “ Development Support Registers.”

Table 4-10. MPC855T-Specific Debug-Level SPRs

SPR Number
Name Serialize Access
Decimal | SPR[5-9] | SPR[0-4]
144 00100 10000 |[CMPA Fetch sync on write
145 00100 10001 |CMPB Fetch sync on write
146 00100 10010 |[CMPC Fetch sync on write
147 00100 10011 |[CMPD Fetch sync on write
148 00100 10100 |[ICR Fetch sync on write
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Table 4-10. MPC855T-Specific Debug-Level SPRs (continued)

SPR Number
Name Serialize Access
Decimal | SPR[5-9] | SPR[0-4]

149 00100 10101 |DER Fetch sync on write
150 00100 10110 |COUNTA Fetch sync on write
151 00100 10111 |COUNTB Fetch sync on write
152 00100 11000 |CMPE Write: Fetch sync

Read: Sync relative to load/store operations
153 00100 11001 |CMPF Write: Fetch sync

Read: Sync relative to load/store operations
154 00100 11010 |[CMPG Write: Fetch sync

Read: Sync relative to load/store operations
155 00100 11011 |[CMPH Write: Fetch sync

Read: Sync relative to load/store operations
156 00100 11100 |LCTRL1 Write: Fetch sync

Read: Sync relative to load/store operations
157 00100 11101 |LCTRL2 Write: Fetch sync

Read: Sync relative to load/store operations
158 00100 11110 |ICTRL Fetch sync on write
159 00100 11111 |BAR Write: Fetch sync

Read: Sync relative to load/store operations. See
Section 4.1.2.1, “DAR, DSISR, and BAR Operation.”

630 10011 10110 |DPDR Read and Write

4.1.3.1 Accessing SPRs

All SPRs are accessed using the mtspr and mfspr instructions, regardless of whether they
are within the processor core. To access registers outside of the core, an internal bus tenure
occurs using the address lines as described in Table 4-11.

Table 4-11. Addresses of SPRs Located Outside of the Core

Address Lines

0-17 18-22 23-27 28-31

0..0 SPR[0-4] SPR[5-9] 0000

Address errorsin this tenure cause a software emulation exception.
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4.2 Register Initialization at Reset

This section describes how basic registers are set under reset conditions, other register
settings are described in Chapter 7, “Instruction and Data Caches,” and Chapter 8,
“Memory Management Unit.”

A system reset interrupt occurs when a nonmaskable interrupt is generated either by the
software watchdog timer or the assertion of IRQO. The only registers affected by the system
reset interrupt are MSR, SRRO, and SRR1; no other reset activity occurs. Section 6.1.2.1,
“System Reset Interrupt (0x00100),” describes valuesfor these registers after system reset.

When a hard or soft reset occurs, registers are set in the same way, as follows:

*  SRRO, SRR1—Set to an undefined value.

*  MSR[IP]—Programmable through the 1P bit in the hard reset configuration word.
* MSR[ME]—Cleared.

* ICTRL—Cleared.

* LCTRL1—Cleared.

* LCTRL2—Cleared.

+ COUNTA[16-31]—Cleared.

 COUNTB[16-31]—Cleared.

* |CR—Cleared (no exception occurred).

* DER[2,14,28-31]—Set (all debug-specific exceptions cause debug mode entry).

Reset values for memory-mapped registers are provided with individual register
descriptions throughout this manual .
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This chapter describes the instructions implemented by the MPC855T. These instructions
are organized by thelevel of architecturein which they areimplemented—UISA, VEA, and
OEA. These levels are described in Section 3.2.1, “Levels of the PowerPC Architecture.”

5.1 Operand Conventions

This section describes the operand conventions as they are represented in two levels of the
architecture. It also provides detailed descriptions of conventions used for storing valuesin
registers and memory, accessing the MPC855T’s registers, and representation of datain
these registers.

5.1.1 Data Organization in Memory and Data Transfers

Bytesin memory are numbered consecutively starting with 0. Each number is the address
of the corresponding byte.

Memory operands may be bytes, half words, words, or double words, or, for the load/store
multiple and move assist instructions, a sequence of bytes or words. The address of a
memory operand is the address of itsfirst byte (that is, of itslowest-numbered byte).

5.1.2 Aligned and Misaligned Accesses

The operand of a single-register memory access instruction has a natural alignment
boundary equal to the operand length. In other words, the natural address of an operand is
an integral multiple of the operand length. A memory operand is said to be aligned if it is
aligned at its natural boundary; otherwiseit is misaligned.

Operands for single-register memory access instructions have the characteristics shown in
Table 5-1 (Although not permitted as memory operands, quad words are shown because
guad-word alignment is desirable for certain memory operands.).
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Table 5-1. Memory Operands

Operand Length Addr[28-31] If Aligned
Byte 8 bits XXXX
Half word 2 bytes xxx0
Word 4 bytes xx00
Double word 8 bytes x000
Quad word 16 bytes 0000
Note: An “x” in an address bit position indicates that the bit can be 0 or 1
independent of the state of other bits in the address.

The concept of alignment is also applied more generally to datain memory. For example,
a 12-byte dataitem is said to be word-aligned if its address is a multiple of four.

Any memory access that crosses an alignment boundary must be broken into multiple
discrete accesses. For the case of string accesses, the hardware makes no attempt to get
aligned in an effort to reduce the number of discrete accesses. (Multiword accesses are
architecturally required to be aligned.) The resulting performance degradation depends
upon how well each individual access behaves with respect to the memory hierarchy. At a
minimum, additional cache access cycles are required. More dramatically, for the case of
access to a noncacheable page, each discrete access involves an individual bus operation
which will reduce the effective bandwidth of the bus.

The frequent use of misaligned accesses is discouraged since they can compromise the
overall performance of the processor.

5.2 Instruction Set Summary

This section describes instructions and addressing modes defined for the MPC855T. These
instructions are divided into the following functional categories:

* Integer instructions—These include arithmetic and logical instructions. For more
information, see Section 5.2.4.1, “Integer Instructions.”

» Load and storeinstructions—T hese include integer load and store instructions only.
For more information, see Section 5.2.4.2, “Load and Store Instructions.”

» Flow control instructions—T hese include branching instructions, condition register
logical instructions, and other instructions that affect the instruction flow. For more
information, see Section 5.2.4.3, “Branch and Flow Control Instructions.”

» Trapinstructions—These instructions are used to test for a specified set of
conditions; see Section 5.2.4.4, “ Trap Instructions,” for more information.

» Processor control instructions—These instructions are used for synchronizing
memory accesses and managing caches and TLBs. For more information, see
Sections 5.2.4.5,5.2.5.1, and 5.2.6.2.
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» Memory synchronization instructions—These instructions are used for memory
synchronizing. See Sections 5.2.4.6 and 5.2.5.2 for more information.

» Memory control instructions—T hese instructions provide control of caches, and
TLBs. For more information, see Sections 5.2.5.3 and 5.2.6.3.

» System linkage instructions—For more information, see Section 5.2.6.1, “ System
Linkage Instructions.”

Note that this grouping of instructions does not necessarily indicate the execution unit that
processes a particular instruction or group of instructions. Thisinformation, which isuseful
in taking full advantage of the MPC855T’s parallel instruction execution, is provided in
Chapter 8, “Instruction Set,” in The Programming Environments Manual.

Integer instructions operate on word operands. The architecture uses instructions that are
four bytes long and word-aligned. It provides for byte, half word, and word operand loads
and stores between memory and a set of 32 general-purpose registers (GPRS).

Arithmetic and logical instructions do not read or modify memory. To use the contents of a
memory location in acomputation and then modify the same or another memory location,
the memory contents must be loaded into aregister, modified, and then written to the target
location using load and store instructions.

The description of each instruction includes the mnemonic and aformatted list of operands.
To smplify assembly language programming, a set of simplified mnemonics (extended
mnemonics in the architecture specification) and symbols is provided for some of the
frequently-used instructions;, see Appendix F, “Simplified Mnemonics” in The
Programming Environments Manual for acomplete list of simplified mnemonic examples.

5.2.1 Classes of Instructions

The MPCB855T instructions belong to one of the following three classes:
* Defined
o lllega
* Reserved

Note that while the definitions of these terms are consistent among the M PC8xx processors,
the assignment of these classificationsis not. For example, an instruction that is specific to
64-bit implementations is considered defined for 64-bit implementations but illegal for
32-bit implementations such as the MPC855T.

The classis determined by examining the primary opcode and the extended opcode, if any.
If the opcode, or combination of opcode and extended opcode, is not that of a defined
instruction or of areserved instruction, the instructionisillegal.
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In future versions of the architecture, instruction codings that are now illegal may become
assigned to instructions in the architecture, or may be reserved by being assigned to
processor-specific instructions.

5.2.1.1 Definition of Boundedly Undefined

If instructions are encoded with incorrectly set bits in reserved fields, the results on
execution can be said to be boundedly undefined. If a user-level program executes the
incorrectly coded instruction, the resulting undefined results are bounded in that a spurious
change from user to supervisor state is not allowed, and the level of privilege exercised by
the program in relation to memory access and other system resources cannot be exceeded.
Boundedly undefined results for a given instruction may vary between implementations,
and between execution attempts in the same implementation.

5.2.1.2 Defined Instruction Class

Defined instructions are guaranteed to be supported in all MPC8xx implementations,
except as stated in the instruction descriptions in Chapter 8, “Instruction Set,” in The
Programming Environments Manual. The MPC855T provides hardware support for all
instructions defined for 32-bit implementations, except floating-point instructions.

An MPC8xx processor invokes the illegal instruction error handler (part of the program
exception) when the unimplemented instructions are encountered so they may be emulated
in software, as required.

A defined instruction can have invalid forms, as described in the following section.

5.2.1.3 lllegal Instruction Class
Illegal instructions can be grouped into the following categories:

* Instructions that are not implemented in the architecture. These opcodes are
available for future extensions of the architecture; that is, future versions of the
architecture may define any of these instructions to perform new functions.

The following primary opcodes are defined as illegal but may be used in future
extensions to the architecture:

1,4,5,6,9, 22, 56, 57, 60, 61

* Instructions that are not implemented in a specific MPC8xx implementation. For
example, instructions that can be executed on 64-bit processors are considered
illegal by 32-bit processors.

The following primary opcodes are defined for 64-bit implementations only and are
illegal on the MPC855T:

2, 30, 58, 62
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» All unused extended opcodes areillegal. The unused extended opcodes can be
determined from information in Section A.2, “Instructions Sorted by Opcode,” in
the Programming Environments Manual and Section 5.2.1.4, “ Reserved Instruction
Class.” Noticethat extended opcodesfor instructionsthat are defined only for 64-bit
implementations are illegal in 32-bit implementations, and vice versa.

The following primary opcodes have unused extended opcodes.

17, 19, 31, 59, 63 (primary opcodes 30 and 62 are illegal for al 32-bit
implementations, but as 64-bit opcodes they have some unused extended opcodes)

* Aninstruction consisting entirely of zerosis guaranteed to be an illegal instruction.
Thisincreases the probability that an attempt to execute data or uninitialized
memory invokes the system illegal instruction error handler (a program exception).
Note that if only the primary opcode consists of all zeros, theinstruction is
considered areserved instruction. Thisis further described in Section 5.2.1.4,
“Reserved Instruction Class”

An attempt to execute an illegal instruction invokes the illegal instruction error handler (a
program exception) but has no other effect. See Section 6.1.2.7, “Program Exception
(0x00700),” for additional information about illegal and invalid instruction exceptions.

With the exception of the instruction consisting entirely of binary zeros, the illegal
Instructions are available for further additions to the architecture.

5.2.1.4 Reserved Instruction Class

Reserved instructions are allocated to specific implementation-dependent purposes not
defined by the architecture. An attempt to execute an unimplemented reserved instruction
invokes the illegal instruction error handler (a program exception). See Section 6.1.2.7,
“Program Exception (0x00700),” for additional information about illegal and invalid
Instruction exceptions.

The following types of instructions are included in this class:
* Implementation-specific instructions

» Optional instructions defined by the architecture but not implemented by the
MPCB855T (for example, Floating Square Root (fsqrt) and Floating Square Root
Single (fsgrts) instructions)

5.2.2 Addressing Modes

This section provides an overview of conventions for addressing memory and for
calculating effective addresses. For more detailed information, see “Conventions,” in
Chapter 4, “Addressing Modes and Instruction Set Summary,” of Programming
Environments Manual.
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5.2.2.1 Memory Addressing

A program references memory using the effective (logical) address computed by the
processor when it executes a memory access or branch instruction or when it fetches the
next sequential instruction.

5.2.2.2 Effective Address Calculation

An effective address (EA) is the 32-bit sum computed by the processor when executing a
memory access or branch instruction or when fetching the next sequential instruction. For
a memory access instruction, if the sum of the effective address and the operand length
exceeds the maximum effective address, the memory operand is considered to wrap around
from the maximum effective address through effective address 0, as described in the
following paragraphs.

Effective address computations for both data and instruction accesses use 32-bit unsigned
binary arithmetic. A carry from bit O isignored.
Load and store operations have three categories of effective address generation:

* Register indirect with immediate index mode

* Register indirect with index mode

* Register indirect mode

Refer to Section5.2.4.2.1, “Integer Load and Store Address Generation,” for further
discussion of effective address generation for load and store operations.
Branch instructions have three categories of effective address generation:

* Immediate

* Link register indirect

» Count register indirect

Refer to Section 5.2.4.3.1, “Branch Instruction Address Calculation,” for further discussion
of branch instruction effective address generation.

5.2.2.3 Synchronization

The synchronization described in this section refers to the state of the processor that is
performing the synchronization.

5.2.2.3.1 Context Synchronization

The System Call (sc) and Return from Interrupt (rfi) instructions perform context
synchronization by allowing previously issued instructions to compl ete before performing
achange in context. Execution of one of these instructions ensures the following:

* No higher priority exception exists (sc).
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» All previousinstructions have completed to a point where they can no longer cause
an exception.

» Previous instructions complete execution in the context (privilege, protection, and
address tranglation) under which they were issued.

* Theinstructionsfollowing the sc or rfi instruction execute in the context established
by these instructions.

5.2.2.3.2 Execution Synchronization

An instruction is execution synchronizing if al previously initiated instructions appear to
have completed before the instruction isinitiated or, in the case of the Synchronize (sync)
and Instruction Synchronize (isync) instructions, before the instruction completes. For
example, the Move to Machine State Register (mtmsr) instruction is execution
synchronizing. It ensuresthat all preceding instructions have completed execution and will
not cause an exception before the instruction executes, but does not ensure subsequent
instructions execute in the newly established environment. For example, if the mtmsr sets
the MSR[PR] bit, unless an isync immediately follows the mtmsr instruction, a privileged
instruction could be executed or privileged access could be performed without causing an
exception even though the MSR[PR] bit indicates user mode.

5.2.2.3.3 Instruction-Related Exceptions

There aretwo kinds of exceptionsin the M PC855T—those caused directly by the execution
of an instruction and those caused by an asynchronous event. Either may cause components
of the system software to be invoked.

Exceptions can be caused directly by the execution of an instruction as follows:

* An attempt to execute an illegal instruction causes theillegal instruction (program
exception) handler to be invoked. An attempt by auser-level program to execute the
supervisor-level instructionslisted bel ow causesthe privileged instruction (program
exception) handler to be invoked. The MPC855T provides the following
supervisor-level instructions—dcbi, mfmsr, mfspr, mtmsr, mtspr, rfi, tibie, and
tIbsync. Note that the privilege level of the mfspr and mtspr instructions depends
on the SPR encoding.

» An attempt to access memory that is not available (page fault) causesthe I S|
exception handler to be invoked.

» Anattempt to access memory with an effective address alignment that isinvalid for
the instruction causes the alignment exception handler to be invoked. See
Section 6.1.2.6, “Alignment Exception (0x00600),” for restrictions on operand
alignment.

» The execution of an scinstruction invokes the system call exception handler that
permits a program to request the system to perform a service.
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» The execution of atrap instruction invokes the program exception trap handler.

Exceptions caused by asynchronous events are described in Chapter 6, “ Exceptions.”

5.2.3 Instruction Set Overview

This section provides a brief overview of the instructions implemented in the MPC855T
and highlights any special information with respect to how the MPC855T implements a
particular instruction. Note that the categories used in this section correspond to those used
in Chapter 4, “Addressing Modes and Instruction Set Summary,” in The Programming
Environments Manual.

Note that some of the instructions have the following optional features:

* CR Update—The dot (.) suffix on the mnemonic enables the update of the CR.
* Overflow option—The o suffix indicates that the overflow bit in the XER is enabled.

5.2.4 PowerPC UISA Instructions

The PowerPC UISA includes the base user-level instruction set (excluding afew user-level
cache control, synchronization, and time base instructions), user-level registers,
programming model, data types, and addressing modes. This section discusses the
instructions defined in the UISA.

5.2.4.1 Integer Instructions
This section describes the integer instructions. These consist of the following:
* Integer arithmetic instructions
* Integer compare instructions
* Integer logical instructions
» Integer rotate and shift instructions

Integer instructions use the content of the GPRs as source operands and place results into
GPRs, into the XER, and into condition register (CR) fields.

5.2.4.1.1 Integer Arithmetic Instructions

Table 5-2 lists the integer arithmetic instructions for the MPC855T.
Table 5-2. Integer Arithmetic Instructions

Name Mnemonic Syntax
Add Immediate addi rD,rA,SIMM
Add Immediate Shifted addis rD,rA,SIMM
Add add (add.addoaddo.) rD,rA,rB
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Table 5-2. Integer Arithmetic Instructions (continued)

Name Mnemonic Syntax

Subtract From subf (subf.subfo subfo.) rD,rA,rB
Add Immediate Carrying addic rD,rA,SIMM
Add Immediate Carrying and Record addic. rD,rA,SIMM
Subtract from Immediate Carrying subfic rD,rA,SIMM
Add Carrying addc (addc.addcoaddco.) rD,rA,rB
Subtract from Carrying subfc (subfc.subfcosubfco.) rD,rA,rB
Add Extended adde (adde.addeoaddeo.) rD,rA,rB
Subtract from Extended subfe (subfe.subfeosubfeo.) rD,rA,rB
Add to Minus One Extended addme (addme.addmeoaddmeo.) rD,rA
Subtract from Minus One Extended subfme (subfme.subfmeosubfmeo.) rD,rA

Add to Zero Extended addze (addze.addzeoaddzeo.) rD,rA
Subtract from Zero Extended subfze (subfze.subfzeosubfzeo.) rD,rA
Negate neg (neg.negonego.) rD,rA
Multiply Low Immediate mulli rD,rA,SIMM
Multiply Low mullw (mullw.mullwomullwo.) rD,rA,rB
Multiply High Word mulhw (mulhw.) rD,rA,rB
Multiply High Word Unsigned mulhwu (mulhwu.) rD,rA,rB
Divide Word divw 1 (divw.divwodivwo.) rD,rA,rB
Divide Word Unsigned divwu (divwu.divwuodivwuo.) rD,rA,rB

1 Implementation Note: Attempting to use divw to perform either 0x80000000 = -1 or <anything> = 0 sets the

contents of rD to 0x80000000 and if Rc =1, the contents CRO are LT =1, GT =0, and EQ = 0. SO is set to the correct
value.

Although there is no Subtract Immediate instruction, its effect can be achieved by using an
addi instruction with the immediate operand negated. Simplified mnemonics are provided
that include this negation. The subf instructions subtract the second operand (r A) from the
third operand (rB). Simplified mnemonics are provided in which the third operand is
subtracted from the second operand. See Appendix F, “Simplified Mnemonics,” in The
Programming Environments Manual for examples.

5.2.4.1.2 Integer Compare Instructions

Theinteger compareinstructions agebraically or logically compare the contentsof r A with
either the UIMM operand, the SIMM operand, or the contents of rB. The comparison is
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signed for the cmpi and cmp instructions, and unsigned for the cmpli and cmpl
instructions. Table 5-3 lists the integer compare instructions.

Table 5-3. Integer Compare Instructions

Name Mnemonic Syntax 1
Compare Immediate cmpi crfD,L,rA,SIMM
Compare cmp crfD,L,rArB
Compare Logical Immediate cmpli crfD,L,rA,UIMM
Compare Logical cmpl crfD,L,rArB

1 Implementation Note: In these instructions, the L bit is applicable for 64-bit implementations. For the MPC855T, if
L = 1 the instruction form is invalid. The core ignores this bit and, therefore, the behavior when L = 1 is identical to
the valid form instruction with L = 0.

The crfD operand can be omitted if the result of the comparison is to be placed in CRO.
Otherwise the target CR field must be specified in the instruction crfD field.

For more information refer to Appendix F, “Simplified Mnemonics,” in The Programming
Environments Manual.

5.2.4.1.3 Integer Logical Instructions

The logica instructions shown in Table5-4 perform bit-parallel operations. Logical
instructions with the CR update enabled and instructions andi. and andis. set CR field CRO
to characterize the result of thelogical operation. Thesefields are set asif the sign-extended
low-order 32 bits of the result were algebraically compared to zero. Logical instructions
without CR update and the remaining logical instructions do not modify the CR. Logical
instructions do not affect the XER[SO], XER[OV], and XER[CA] hits.

For smplified mnemonics examples for the integer logical operations see Appendix F,
“Simplified Mnemonics,” in The Programming Environments Manual.

Table 5-4. Integer Logical Instructions

Name Mnemonic Syntax

AND Immediate andi. rA,rS,UIiIMM
AND Immediate Shifted andis. rA,rS,UiIMM
OR Immediate ori rA,rS,UuiMMm
OR Immediate Shifted oris rA,rS,UuiMM
XOR Immediate XOri rA,rS,UIMM
XOR Immediate Shifted xoris rA,rS,UuiMM
AND and (and.) rA,rS,rB

OR or (or.) rArS,rB

XOR xor (xor.) rArS,rB
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Table 5-4. Integer Logical Instructions (continued)

Name Mnemonic Syntax
NAND nand (nand.) rA,rS,rB
NOR nor (nor.) rA,rS,rB
Equivalent eqv (eqv.) rArS,rB
AND with Complement andc (andc.) rArS,rB
OR with Complement orc (orc.) rArS,rB
Extend Sign Byte extsb (extsb.) rArS
Extend Sign Half Word extsh (extsh.) rArS
Count Leading Zeros Word cntlzw (cntlzw.) rArS

5.24.1.4

Rotation operations are performed on data from a GPR, and the result, or a portion of the
result, is returned to a GPR. See Appendix F, “Simplified Mnemonics,” in The
Programming Environments Manual for a complete list of simplified mnemonics that
allows simpler coding of often-used functions such as clearing the leftmost or rightmost
bits of aregister, left justifying or right justifying an arbitrary field, and simple rotates and
shifts.

Integer rotate instructions rotate the contents of aregister. Theresult of therotation is either
inserted into the target register under control of amask (if amask bit is 1 the associated bit
of the rotated data is placed into the target register, and if the mask bit is O the associated
bit in the target register is unchanged), or ANDed with amask before being placed into the
target register. The integer rotate instructions are listed in Table 5-5.

Table 5-5. Integer Rotate Instructions

Integer Rotate and Shift Instructions

Name Mnemonic Syntax

Rotate Left Word Immediate then AND with Mask

riwinm (rlwinm.)

rA,rS,SH,MB,ME

Rotate Left Word then AND with Mask

riwnm (rlwnm.)

rA,rS,rB,MB,ME

Rotate Left Word Immediate then Mask Insert

riwimi (rlwimi.)

rA,rS,SH,MB,ME

The integer shift instructions perform left and right shifts. Immediate-form logical
(unsigned) shift operations are obtained by specifying masks and shift values for certain
rotate instructions. Simplified mnemonics are provided to make coding of such shifts
simpler and easier to understand. The integer shift instructions are listed in Table 5-6.

Table 5-6. Integer Shift Instructions

Name Mnemonic Syntax
Shift Left Word slw (slw.) rA,rS,rB
Shift Right Word srw (srw.) rA,rS,rB
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Table 5-6. Integer Shift Instructions (continued)

Name Mnemonic Syntax
Shift Right Algebraic Word Immediate srawi (srawi.) rArS,SH
Shift Right Algebraic Word sraw (sraw.) rArS,rB

5.2.4.2 Load and Store Instructions

Load and store instructions are issued and translated in program order; however, the
accesses can occur out of order. Synchronizing instructions are provided to enforce strict
ordering. This section describes the load and store instructions of the MPC855T, which
consist of the following:

* Integer load instructions

* Integer storeinstructions

* Integer load and store with byte-reverse instructions
* Integer load and store multiple instructions

* Integer load and store string instructions

5.2.4.2.1 Integer Load and Store Address Generation

Integer load and store operations generate effective addresses using register indirect with
immediate index mode, register indirect with index mode, or register indirect mode. See
Section 5.2.2.2, “Effective Address Calculation,” for information about calculating
effective addresses. Note that the MPC855T is optimized for load and store operations that
are aligned on natural boundaries, and operations that are not naturally aligned may suffer
performance degradation. Refer to Section 6.1.2.6.1, “Integer Alignment Exceptions,” for
additional information about load and store address alignment exceptions.

5.2.4.2.2 Register Indirect Integer Load Instructions

For integer load instructions, the byte, half word, or word addressed by the EA is loaded
into rD. Many integer load instructions have an update form, in which r A is updated with
the generated effective address. For these forms, the EA is placed into r A and the memory
element (byte, half word, word, or double word) addressed by EA is loaded into rD.
Table 5-7 lists the integer load instructions.

Table 5-7. Integer Load Instructions

Name Mnemonic Syntax
Load Byte and Zero bz rD,d(rA)
Load Byte and Zero Indexed Ibzx rD,rA,rB
Load Byte and Zero with Update Ibzu rD,d(rA)
Load Byte and Zero with Update Indexed Ibzux rD,rA,rB
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Table 5-7. Integer Load Instructions (continued)

Name Mnemonic Syntax
Load Half Word and Zero lhz rD,d(rA)
Load Half Word and Zero Indexed lhzx rD,rA,rB
Load Half Word and Zero with Update lhzu rD,d(rA)
Load Half Word and Zero with Update Indexed lhzux rD,rA,rB
Load Half Word Algebraic Iha rD,d(rA)
Load Half Word Algebraic Indexed lhax rD,rA,rB
Load Half Word Algebraic with Update lhau rD,d(rA)
Load Half Word Algebraic with Update Indexed lhaux rD,rA,rB
Load Word and Zero lwz rD,d(rA)
Load Word and Zero Indexed lwzx rD,rA,rB
Load Word and Zero with Update lwzu rD,d(rA)
Load Word and Zero with Update Indexed lwzux rD,rA,rB
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5.2.4.2.3 Integer Store Instructions
For integer store instructions, the contents of r S are stored into the byte, half word, word,
or doubleword in memory addressed by the effective address (EA). Many storeinstructions
have an update form, in which r A is updated with the EA. For these forms, the following
rules apply:

 IfrA=0,theEA isplacedintorA.

o IfrS=rA, thecontentsof rS are copied to the target memory element, then the
generated EA isplacedintorA (rS).

The MPCB855T defines store with update instructions with rA = 0 and integer store
instructions with the CR update option enabled (Rc[31] = 1) to beinvalid forms. Table 5-8
lists integer store instructions for the MPC855T.

Table 5-8. Integer Store Instructions

Name Mnemonic Syntax
Store Byte stb rS,d(rA)
Store Byte Indexed stbx rS,rArB
Store Byte with Update stbu rS,d(rA)
Store Byte with Update Indexed stbux rS,rArB
Store Half Word sth rS,d(rA)
Store Half Word Indexed sthx rS,rA,rB
Store Half Word with Update sthu rS,d(rA)
Store Half Word with Update Indexed sthux rS,rArB
Store Word stw rS,d(rA)
Store Word Indexed Stwx rS,rA,rB
Store Word with Update stwu rS,d(rA)
Store Word with Update Indexed stwux rS,rArB

5.2.4.2.4 Integer Load and Store with Byte-Reverse Instructions

Table 5-9 describes integer load and store with byte-reverse instructions. When used in a
system operating with the default big-endian byte order, these instructions have the effect
of loading and storing datain little-endian order. Likewise, when used in a system operating
with little-endian byte order, these instructions have the effect of loading and storing data
in big-endian order. For more information about big-endian and little-endian byte ordering,
see “Byte Ordering” in Chapter 3, “Operand Conventions,” in The Programming
Environments Manual.
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Table 5-9. Integer Load and Store with Byte-Reverse Instructions

Instruction Set Summary

Name Mnemonic Syntax
Load Half Word Byte-Reverse Indexed Ihbrx rD,rA,rB
Load Word Byte-Reverse Indexed Iwbrx rD,rA,rB
Store Half Word Byte-Reverse Indexed sthbrx rS,rArB
Store Word Byte-Reverse Indexed stwbrx rS,rArB

5.2.4.2.5

Theinteger |oad/store multipleinstructions are used to move blocks of datato and from the
GPRs. In some implementations, these instructions are likely to have greater latency and
take longer to execute, perhaps much longer, than a sequence of individual load or store
instructions that produce the same results.

Integer Load and Store Multiple Instructions

When the MPCB855T is operating with little-endian byte order, execution of aload or store
multiple instruction causes the system alignment error handler to be invoked; see “Byte
Ordering” in Chapter 3, “Operand Conventions,” in The Programming Environments
Manual for more information. Table5-10 lists the integer load and store multiple
instructions for the MPC855T.

Table 5-10. Integer Load and Store Multiple Instructions

Name Mnemonic Syntax
Load Multiple Word Imw rD,d(rA)
Store Multiple Word stmw rS,d(rA)

5.2.4.2.6

The integer load and store string instructions allow movement of data from memory to
registersor from registersto memory without concern for alignment. These instructions can
be used for a short move between arbitrary memory locations or to initiate a long move
between misaligned memory fields.

Integer Load and Store String Instructions

When the MPCB855T is operating with little-endian byte order, execution of aload or store
string instruction causes the system alignment error handler to be invoked; see “Byte
Ordering” in Chapter 3, “Operand Conventions,” in The Programming Environments
Manual for more information. Table 5-11 liststhe integer |oad and store string instructions.

Table 5-11. Integer Load and Store String Instructions

Name Mnemonic Syntax
Load String Word Immediate Iswi rD,rA,NB
Load String Word Indexed Iswx rD,rA,rB
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Table 5-11. Integer Load and Store String Instructions (continued)

Name Mnemonic Syntax
Store String Word Immediate stswi rS,rA,NB
Store String Word Indexed stswx rS,rA,rB

Load string and store string instructions may involve operands that are not word-aligned.
As described in “Alignment Exception (0x00600)” in Chapter 6, “Exceptions,” in The
Programming Environments Manual, a misaligned string operation suffers a performance
penalty compared to a word-aligned operation of the same type.

When a string operation crosses a page boundary, the instruction may be interrupted by a
DSI exception associated with the address trandlation of the second page. In this case, the
MPCB855T performs some or all memory references from the first page and none from the
second before taking the exception. On return from the DS exception, the load or store
string instruction will re-execute from the beginning. For more information, refer to “DS
Exception (0x00300)” in Chapter 6, “Exceptions,” in The Programming Environments
Manual.

5.2.4.3 Branch and Flow Control Instructions

Branch instructions are executed by the branch processing unit (BPU). The BPU receives
branch instructions from the fetch unit and performs condition register (CR) lookahead
operations on conditional branches to resolve them early, achieving the effect of a
zero-cycle branch in many cases.

Some branch instructions can redirect instruction execution conditionally based on the
value of bitsin the CR. When the branch processor encounters one of these instructions, it
scans the execution pipelinesto determine whether an instruction in progress may affect the
particular CR bit. If no interlock is found, the branch can be resolved immediately by
checking the bit in the CR and taking the action defined for the branch instruction.

If an interlock is detected, the branch is considered unresolved and the direction of the
branch is predicted using static branch prediction as described in “Conditional Branch
Control” in Chapter 4, “Addressing Modes and Instruction Set Summary,” in the
Programming Environments Manual. The interlock is monitored while instructions are
fetched for the predicted branch. When the interlock is cleared, the branch processor
determines whether the prediction was correct based on the value of the CR bit. If the
prediction iscorrect, the branch is considered compl eted and instruction fetching continues.
If the prediction is incorrect, the fetched instructions are purged, and instruction fetching
continues along the aternate path. See Chapter 9, “Instruction Execution Timing” for
information about how branches are executed.
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5.2.4.3.1 Branch Instruction Address Calculation

Branch instructions can alter the sequence of instruction execution. Instruction addresses
are always assumed to be word aligned; the processor ignores the two low-order bits of the
generated branch target address.

Branch instructions compute the effective address (EA) of the next instruction address
using the following addressing modes:

e Branchréeative

» Branch conditional to relative address

» Branch to absolute address

» Branch conditional to absolute address

» Branch conditional to link register

» Branch conditional to count register

5.2.4.3.2 Branch Instructions

Table 5-12 lists the branch instructions. To simplify assembly language programming, a set
of ssimplified mnemonics and symbols is provided for the most frequently used forms of
branch conditional, compare, trap, rotate and shift, and certain other instructions. See
Appendix F, “Simplified Mnemonics,” in The Programming Environments Manual for alist
of simplified mnemonics.

Table 5-12. Branch Instructions

Name

Mnemonic

Syntax

Branch

b (bablbla)

target_addr

Branch Conditional

bc (bcabclbcla)

BO,Bl,target_addr

Branch Conditional to Link Register

belr (belrl)

BO,BI

Branch Conditional to Count Register

bectr (becetrl)

BO,BI

5.2.4.3.3 Condition Register Logical Instructions
Condition register logical instructions, shown in Table5-13, and the Move Condition

Register Field (mcrf) instruction are also defined as flow control instructions.
Table 5-13. Condition Register Logical Instructions

Name Mnemonic Syntax
Condition Register AND crand crbD,crbA,crbB
Condition Register OR cror crbD,crbA,crbB
Condition Register XOR crxor crbD,crbA,crbB
Condition Register NAND crnand crbD,crbA,crbB
Condition Register NOR crnor crbD,crbA,crbB
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Table 5-13. Condition Register Logical Instructions (continued)

Name Mnemonic Syntax
Condition Register Equivalent creqv crbD,crbA,crbB
Condition Register AND with Complement |crandc crbD,crbA,crbB
Condition Register OR with Complement crorc crbD,crbA,crbB
Move Condition Register Field mcrf crfD,crfS

Notethat if the LR update option is enabled for any of these instructions, these forms of the
instructions are invalid in the MPC855T.

5.2.4.4 Trap Instructions

The trap instructions shown in Table 5-14 are provided to test for a specified set of
conditions. If any of the conditions tested by a trap instruction are met, the system trap
handler is invoked. If the tested conditions are not met, instruction execution continues
normally.

Table 5-14. Trap Instructions

Name Mnemonic Syntax
Trap Word Immediate twi TO,rA,SIMM
Trap Word tw TO,rA,rB

See Appendix F, “ Simplified Mnemonics,” in The Programming Environments Manual for
acomplete set of simplified mnemonics.

5.2.45 Processor Control Instructions

Processor control instructions are used to read from and write to the condition register
(CR), machine state register (MSR), and special-purpose registers (SPRs), and to read from
the time base register (TBU or TBL).

5.2.4.5.1 Move to/from Condition Register Instructions

Table 5-15 lists the instructions provided by the MPC855T for reading from or writing to
the CR.

Table 5-15. Move to/from Condition Register Instructions

Name Mnemonic Syntax
Move to Condition Register Fields mtcrf CRM,rS
Move to Condition Register from XER mcrxr crfD
Move from Condition Register mfcr rD
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5.2.4.6 Memory Synchronization Instructions—UISA

Memory synchronization instructions control the order in which memory operations are
completed with respect to asynchronous events, and the order in which memory operations
are seen by other processors or memory access mechanisms. See Section 7.6.6, “Atomic
Memory References,” for additional information about these instructions and about related
aspects of memory synchronization. Table 5-16 lists the UISA memory synchronization
instructions for the MPC855T.

Table 5-16. Memory Synchronization Instructions—UISA

Name Mnemonic Syntax
Load Word and Reserve Indexed lwarx rD,rA,rB
Store Word Conditional Indexed stwcx. rS,rA,rB
Synchronize sync —

The syncinstruction delays execution of subsequent instructions until previousinstructions
have compl eted to the point that they can no longer cause an exception and until al previous
memory accesses are performed globally; the sync operation is not broadcast onto the
MPCB855T bus interface. Additionally, all load and store cache/bus activities initiated by
prior instructions are completed. Touch load operations (dcbt and dcbtst) are required to
complete at least through address transl ation, but not required to compl ete on the bus.

The functions performed by the sync instruction normally take a significant amount of time
to complete; as aresult, frequent use of thisinstruction may adversely affect performance.
In addition, the number of cycles required to complete a sync instruction depends on
system parameters and on the processor's state when the instruction is issued.

The proper paired use of the lwar x and stwcx. instructions allows programmers to emul ate
common semaphore operations such as “test and set,” “compare and swap,” “exchange
memory,” and “fetch and add.” Examples of these semaphore operations can be found in
Appendix E, “Synchronization Programming Examples” in The Programming
Environments Manual. The lwarx instruction must be paired with an stwcx. instruction
with the same effective address used for both instructions of the pair. Note that the
reservation granularity is 16 bytes.

The lwarx and stwcx. instructions are implemented according to the PowerPC architecture
requirements. The concept behind the use of the Iwarx and stwcx. instructions is that a
processor may load a semaphore from memory, compute a result based on the value of the
semaphore, and conditionally store it back to the same location (only if that location has
not been modified since it was first read), and determine if the store was successful. The
conditional storeis performed based upon the existence of areservation established by the
preceding Iwar x instruction. If the reservation exists when the store is executed, the store
is performed and a bit is set in the CR. If the reservation does not exist when the store is
executed, the target memory location is not modified and a bit is cleared in the CR.

Chapter 5. MPC855T Instruction Set



P N

nstruction Set Summary

If the store was successful, the sequence of instructions from the read of the semaphore to
the store that updated the semaphore appear to have been executed atomically (that is, no
other processor or mechanism modified the semaphore location between the read and the
update), thus providing the equivalent of areal atomic operation. However, in reality, other
processors may have read from the location during this operation. In the MPC855T, the
reservations are made on behalf of aligned 16-byte sections of the memory address space.

The Iwarx and stwcx. instructions require the EA to be aligned. Exception handling
software should not attempt to emulate a misaligned Iwarx or stwcx. instruction, because
there is no correct way to define the address associated with the reservation.

In general, the lwarx and stwcx. instructions should be used only in system programs,
which can be invoked by application programs as needed.

At most, one reservation exists simultaneously on any processor. The address associated
with the reservation can be changed by a subsequent Iwar x instruction. The conditional
store is performed based upon the existence of a reservation established by the preceding
Iwar x, regardless of whether the address generated by the Iwar x matches that generated by
the stwex. instruction. A reservation held by the processor is cleared by one of the
following:

» Executing an stwcx. instruction to any address

» Attempt by another device to modify alocation in the reservation granularity
(16 bytes)

In write-through mode, Iwar x and stwcx. do not cause aDSI exception.

The sync instruction guarantees that previously fetched instructions finish before any
subsequent instructions are dispatched to the execution units. It does not affect fetching;
Instructions continue to be fetched up to the instruction queue limit, but dispatch stalls until
the sync finishes.

The origina purpose of the sync instruction was to synchronize coherent memory with
other processors in a multiprocessor system; it makes sure that memory as seen by one
processor is the same as memory seen by the other processors, and broadcasts a special
signal to signal that the action istaking place. However, the MPC855T does not support this
enforcement of coherency in a multiprocessor system, and it broadcasts no special
synchronization signal. The MPC855T simply expects other processors not to rely on
coherency of memory that it has cached in copy-back mode.

Theonly case where async instruction would be useful inan MPC8xx systemisif software
modified the page table structure associated with the SMMU only and needed to guarantee
that data accesses after that instruction would be executed in the new data context.
However, thisis an unexpected special case; isync would work here, but the pipeline need
not be flushed in this case, so sync is sufficient.
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5.2.5 PowerPC VEA Instructions

The PowerPC VEA describes the semantics of the memory model that can be assumed by
software processes, and includes descriptions of the cache model, cache control
Instructions, address aliasing, and other related issues.

5.25.1 Processor Control Instructions

In addition to the move to condition register instructions specified by the UISA, the VEA
defines the Move from Time Base (mftb) instruction for reading the contents of the time
base register. The mftb isauser-level instruction, it is shown in Table 5-17

Simplified mnemonics are provided for the mftb instruction so it can be coded with the
TBR name as part of the mnemonic rather than requiring it to be coded as an operand. The
mftb instruction serves as both a basic and simplified mnemonic. Assemblers recognize an
mftb mnemonic with two operands as the basic form, and an mftb mnemonic with one
operand as the simplified form. Simplified mnemonics are also provided for Move from
Time Base Upper (mftbu), which isavariant of the mftb instruction rather than of mfspr.
The MPCB855T ignores the extended opcode differences between mftb and mfspr by
ignoring bit 25 of both instructions and treating them both identically. For moreinformation
refer to Appendix F, “ Simplified Mnemonics,” in The Programming Environments Manual.

Table 5-17. Move from Time Base Instruction

Name Mnemonic Syntax

Move from Time Base mftb rD, TBR

5.2.5.2 Memory Synchronization Instructions—VEA

Memory synchronization instructions control the order in which memory operations are
completed with respect to asynchronous events, and the order in which memory operations
are seen by other processors or memory access mechanisms. See Chapter 7, “Instruction
and Data Caches,” for additional information about these instructions and about related
aspects of memory synchronization.

Table 5-18 lists the VEA memory synchronization instructions for the MPC855T.
Table 5-18. Memory Synchronization Instructions—VEA

Name Mnemonic | Syntax MPCB855T Notes
Enforce In-Order |eieio — During execution, the LSU waits for previous accesses to terminate before
Execution of /10 beginning accesses associated with load/store instructions after an eieio.
Instruction isync — The isync instruction waits for all previous instructions to complete and
Synchronize discards any prefetched instructions, causing subsequent instructions to be
refetched from memory.
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5.2.5.2.1 eieio Behavior

The purpose of eleio is to prevent loads and stores from executing speculatively when
appropriate, This might be desirable for a FIFO, where performing aread or write changes
the FIFO's data. This should not be done unless it is certain that the instruction will be
completed and not cancelled.

The same function as eieio can be accomplished by defining a memory space as having the
guarded attribute in the MMU, in which case, the elelo instruction is redundant.

However, eleio could be useful in the rare event that a region where speculative accesses
are not allowed liesin the middle of a non-guarded page.

5.2.5.2.2 isync Behavior

The isync instruction is context synchronizing, which guarantees that al of effects of
previous instructions are in place and any instructions in the instruction queue are flushed
(which means all instructions that were in the instruction queue need to be refetched). In
the MPCB855T, fetching an isync instruction causes fetch to stall, so that no refetching is
required. On the MPC855T, writesto SPRs and M SR that effect context are automatically
context synchronizing, so anisyncisnot required before these instructions. However, isync
should be inserted after these instructions to ensure that instructions are fetched in the
appropriate context. Furthermore, load/store instructions that update the MMU page tables
in external memory should both be preceded and followed by an isync, to ensure that
instructions before and after such instructions are fetched and completed in the appropriate
context.

5.2.5.3 Memory Control Instructions—VEA
Memory control instructions include the following types:

» Cache management instructions
» Trandation lookaside buffer (TLB) management instructions

This section describes the user-level cache management instructions defined by the VEA.
See Section 5.2.6.3, “Memory Control Instructions—OEA,” for information about
supervisor-level cache and translation lookaside buffer management instructions.

The instructions listed in Table 5-19 provide user-level programs the ability to manage
on-chip caches.

Aswith other memory-related instructions, the effect of the cache management instructions
on memory are weakly ordered. If the programmer needs to ensure that cache or other
instructions have been performed with respect to al other processors and system
mechanisms, async instruction must be placed in the program following those instructions.
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Note that when data address trangdlation is disabled (MSR[DR] = 0), the Data Cache Block
Set to Zero (dcbz) instruction allocates a cache block in the cache and may not verify that
the physical address isvalid. If a cache block is created for an invalid physical address, a
machine check condition may result when an attempt is made to write that cache block back
to memory. The cache block could be written back as a result of the execution of an
instruction that causes a cache miss and the invalid addressed cache block is the target for
replacement or a Data Cache Block Store (dcbst) instruction.

Table 5-19 lists the cache instructions that are accessible to user-level programs.
Table 5-19. User-Level Cache Instructions

Name Mnemonic | Syntax MPCB855T Notes

Data Cache Block Touch dcbt rArB The appropriate cache block is checked for a hit. If it is a miss,
the instruction is treated as a regular miss, except that bus error

Data Cache Block Touch for | dcbtst rArB does not cause an exception. If no error occurs, the cache is

Store updated.

Data Cache Block Set to Zero | dcbz rArB Executes as defined in the VEA.

Data Cache Block Store dcbst rArB Executes as defined in the VEA.

Data Cache Block Flush dcbf rArB Executes as defined in the VEA.

Instruction Cache Block icbi rArB The MMU translates the EA and the associated instruction

Invalidate cache block is invalidated if hit.

5.2.6 PowerPC OEA Instructions

The PowerPC OEA includes the structure of the memory management model,
supervisor-level registers, and the exception model.

5.2.6.1 System Linkage Instructions

This section describes system linkage instructions (see Table 5-20). The sc instruction is a
user-level instruction that permits a user program to call on the system to perform a service
and causes the processor to take an exception. The Return from Interrupt (rfi) instruction is
asupervisor-level instruction that is useful for returning from an exception handler.

Table 5-20. System Linkage Instructions

Name Mnemonic Syntax
System Call sc —
Return from Interrupt rfi —

5.2.6.2 Processor Control Instructions—OEA

Processor control instructions are used to read from and write to the condition register
(CR), machine state register (MSR), and special-purpose registers (SPRs), and to read from
the time base register (TBU or TBL).
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5.2.6.2.1 Move to/from Machine State Register Instructions

Table 5-15 lists the instructions provided by the MPC855T for reading from or writing to
the MSR.

Table 5-21. Move to/from Machine State Register Instructions

Name Mnemonic Syntax
Move to Machine State Register mtmsr rS
Move from Machine State Register mfmsr rD

5.2.6.2.2 Move to/from Special-Purpose Register Instructions

Simplified mnemonics are provided for the mtspr and mfspr instructions so they can be
coded with the SPR name as part of the mnemonic rather than as a numeric operand. See
Appendix F, “Simplified Mnemonics,” in The Programming Environments Manual for
simplified mnemonic examples. The mtspr and mfspr instructions are shown in Table 5-22

Table 5-22. Move to/from Special-Purpose Register Instructions

Name Mnemonic Syntax
Move to Special-Purpose Register mtspr SPR,rS
Move from Special-Purpose Register mfspr rD,SPR

For mtspr and mfspr instructions, the SPR number coded in assembly language does not
appear directly as a 10-bit binary number in the instruction. The number coded is split into
two 5-bit halves that are reversed in the instruction encoding, with the high-order 5 bits
appearing in bits 16—20 of the instruction encoding and the low-order 5 bitsin bits 11-15.

If the SPR field contains a value not shown in Section4.1l, “MPC855T Register
Implementation,” either the program exception handler isinvoked or results are boundedly
undefined.

5.2.6.3 Memory Control Instructions—OEA
This section describes memory control instructions, which include the following types:

» Cache management instructions
* TLB management instructions
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Core exceptions can be generated when an exception condition occurs. Exception sources
in the MPC855T include the following:

» Externa interrupt request

» Certain memory access conditions (protection faults and bus errors)

* Interna errors, such as an attempt to execute an unimplemented opcode

* Trapinstructions

* Internal exceptions (breakpoints and debug counter’s expiration)

Exception handling is transparent to user software and uses the same mechanism to handle
all types of exceptions. When an exception is taken, control is transferred to an exception
handler located at an offset defined for the type of exception encountered. The exception
prefix bit, MSR[IP], determines whether this base address for the vector table resides at
0x000n_nnnn (IP = 0) or OxFFFn_nnnn (IP = 1). Exceptions are handled in supervisor
mode.

After the exception has been handled, the handler returns control to the interrupting
program. As gspecified in the Programming Environments Manual for 32-Bit
Implementations of the PowerPC Architecture, the core implements a precise exception
model. This means that when an exception is taken, the following conditions are met:

» Subsequent instructions in the program flow are discarded.
» Previousinstructions finish and write back their results.

* Theaddressof thefaulting instruction is saved in SRRO and the machine state of the
interrupted processis saved in SRR1.

* When the exception is taken, the instruction causing the exception might not have
started executing, could be partially executed, or has completed, depending on the
exception and instruction types. See Table 6-20.

For more information, see Section 6.1.4, “Implementing the Precise Exception Model.”
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6.1 Exceptions

The OEA defines a set of exceptions for processors which implement the PowerPC
architecture, some of which are optional. The following sections describe exceptions
implemented on the MPC855T. Those defined by the OEA are described in Section 6.1.2,
“PowerPC-Defined Exceptions.” Section 6.1.3, “Implementation-Specific Exceptions,”
describes implementati on-specific exceptions.

All exceptions associated with memory are implemented as precise, which means that a
load/store instruction is not complete until all possible error indications are sampled from
the load/store bus. This also implies that a store or nonspeculative load instruction is not
issued to the load/store bus until all previous instructions have completed. If a late error
occurs, a store cycle (or a nonspeculative load cycle) can be issued and aborted.

In each exception handler, when registers SRRO and SRR1 are saved, MSR[RI] can be set.

Table 6-1 defines the offset value by exception type and the sections that follow describe
each exception in detail. Note that the base is determined by the setting of MSR[IP].

Table 6-1. Offset of First Instruction by Exception Type

Offset Exception Description

OEA-Defined Exceptions

0x00000 |Reserved —

0x00100 | System reset interrupt See Section 6.1.2.1, “System Reset Interrupt (0x00100).”
0x00200 | Machine check interrupt See Section 6.1.2.2, “Machine Check Interrupt (0x00200).”
0x00300 |DsI A DSI exception is never generated by hardware, but software may

branch to this location because of an data TLB error or miss exception.
See Section 6.1.2.3, “DSI Exception (0x00300).”

0x00400 |ISI An ISI exception is never generated by the hardware, but software may
branch to this location because of an implementation-specific instruction
TLB error exception. See Section 6.1.2.4, “ISI Exception (0x00400).”

0x00500 | External Interrupt See Section 6.1.2.5, “External Interrupt Exception (0x00500).”

0x00600 | Alignment Alignment exceptions result from the following conditions:

e The operand of a load/store multiple is not word-aligned.

* The operand of a lwarx or stwcx. is not word-aligned.

» The operand of a load/store instruction is not naturally aligned when
MSRILE] = 1.

« Trying to execute a multiple/string instruction when MSR[LE] = 1.

See Section 6.1.2.3, “DSI Exception (0x00300).”

0x00700 | Program The MPCB855T cannot generate a floating-point exception type exception.
See Section 6.1.2.7, “Program Exception (0x00700).” An
implementation-specific software emulation exception is generated
instead of an illegal instruction type program exception. A privileged
instruction program exception is generated for an on-core valid SPR field
or any SPR encoded as an external SPR if SPR[0] = 1 and MSR[PR] =1,
as well as for attempts to execute supervisor-level instructions when
MSR[PR] = 1. See Table 6-11.
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Table 6-1. Offset of First Instruction by Exception Type (continued)

Offset Exception Description

0x00800 | Floating-point unavailable The MPCB855T cannot generate a floating-point exception. Attempting to
execute a floating-point instruction causes an implementation-specific
software emulation exception (see Section 6.1.3.1, “Software Emulation
Exception (0x01000)") regardless of the setting of MSR[FP].

0x00900 | Decrementer See Section 6.1.2.8, “Decrementer Exception (0x00900).”
0x00AO00- | Reserved —

0x00B00

0x00CO00 | System call See Section 6.1.2.9, “System Call Exception (0x00C00).”
0x00D00 | Trace See Section 6.1.2.10, “Trace Exception (0x00D00).”

0x00EQO0 | Floating-point assist See Section 6.1.2.11, “Floating-Point Assist Exception.”

Implementation-Specific Exceptions

0x01000 | Software emulation See Section 6.1.3.1, “Software Emulation Exception (0x01000).”
0x01100 | Instruction TLB miss See Section 6.1.3.2, “Instruction TLB Miss Exception (0x01100).”
0x01200 |Data TLB miss See Section 6.1.3.3, “Data TLB Miss Exception (0x01200).”
0x01300 | Instruction TLB error See Section 6.1.3.4, “Instruction TLB Error Exception (0x01300).”
0x01400 |Data TLB error See Section 6.1.3.5, “Data TLB Error Exception (0x014000).”
0x01500-0 | Reserved —

x01B00

0x01CO00 | Data breakpoint See Section 6.1.3.6, “Debug Exceptions (0x01C00-0x01F00).”

0x01D00 | Instruction breakpoint

0x01E00 | Peripheral breakpoint

0x01F00 |Nonmaskable development port

6.1.1 Exception Ordering

There are two types of exceptions. I nstruction-related exceptions (synchronous exceptions)
and asynchronous exceptions (interrupts).

Synchronous exceptions are detected while the core is processing the instruction. These
exceptions are handled in strict program order and cannot be nested. A single instruction
may generate multiple exceptions; however, any subsequent exceptions are not detected
until the first exception is handled and control is returned to the program.

If more than oneinstruction in the pipeline causes an exception or if oneinstructions causes
multiple exceptions, the first exception in program order is taken first. Subsequent
instructions are flushed and additional instruction-related exceptions are handled in order.

Typically, asynchronous exceptions are generated by signals or by other hardware
conditions. Table 6-2 liststhe instruction-related exceptionsin the order of detection within
the instruction processing.
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Table 6-2. Instruction-Related Exception Detection Order
Number Exception Type Cause
1 Trace Trace bit asserted 1
2 ITLB miss 2 Instruction MMU TLB miss
3 ITLB error 2 Instruction MMU protection/translation error
4 Machine check Fetch error
5 Debug instruction breakpoint 2 | Match detection
6 Software emulation exception 2 | Attempt to invoke unimplemented feature
73 Privileged instruction Attempt to execute privileged instruction in user mode
Alignment Load/store checking
System call sc instruction
Trap Trap instruction
8 DTLB miss ? Data TLB miss
9 DTLB error 2 Data TLB protection/translation error
10 Machine check Load or store access error
11 Debug L- breakpoint 2 Match detection

The trace mechanism is implemented by letting one instruction go as if no trace is enabled and trapping the second
instruction. This, of course, refers to this second instruction.

MPC855T-specific exception.

Exclusive for any one instruction.

When multiple exception conditions exist, only the highest priority exception is taken, as
shown in Table 6-3.

Table 6-3. Exception Priority

Priority Exception Type Cause
1 Development port nonmaskable interrupt Signal from the development port
2 System reset interrupt IRQO assertion
3 Instruction-related exceptions Instruction processing
4 Peripheral breakpoint request or development port maskable interrupt | Breakpoint signal from any peripheral
5 External interrupt (masked if MSR[EE] = 0) Signal from the interrupt controller
6 Decrementer interrupt (masked if MSR[EE] = 0) Decrementer request

6.1.2 PowerPC-Defined Exceptions

The following sections describe the exceptions as they are defined by the OEA, and
describes how they are implemented on the MPC855T.
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6.1.2.1 System Reset Interrupt (0x00100)

A system reset interrupt occurs when TRQO is asserted. When the exception is taken,
processing begins at offset 0x00100. A hard or soft reset also causes program execution to
begin fetching at 0x00100 after the associated reset actions. Table 6-4 shows register
settings.

Table 6-4. Register Settings after a System Reset Interrupt Exception

Register Setting
SRRO Set to the EA of the next instruction of the interrupted process.
SRR1 Saves the machine status prior to exceptions and to restore status when an rfi instruction is executed.
1-40
10-150

Others Loaded from MSR[16-31]. SRR1[30] is cleared only by loading a zero from MSR[RI].

MSR IPNo change

MENo change

LE Value of MSRJ[ILE] of the interrupted process.
Others0

6.1.2.2 Machine Check Interrupt (0x00200)

A machine check interrupt indication is received from the U busin response to an address
or datatenure. It istypically caused by an access for which the address does not exist or a
data error occurs.

As defined in the OEA, machine check interrupts are enabled when MSR[ME] = 1. If
MSR[ME] = 0 and a machine check condition is detected, the processor enters the
checkstop state. The behavior of the core in checkstop state is dependent on the working
mode as defined in Section 44.3.1.1, “Debug Mode Enable vs. Debug Mode Disable”
When debug mode is enabled, debug mode is entered instead of checkstop state. When
debug mode is disabled, instruction processing is suspended and cannot be restarted
without resetting the core.

An indication that can generate an automatic reset in this condition is sent to the system
interface unit. See Section 11.1.3.3, “Checkstop Reset,” and Section 14.6.2, “PLL,
L ow-Power, and Reset Control Register (PLPRCR),” for moredetails. If MSR[ME] =1, the
machine check interrupt is taken. If SRR1[30] = 1, the interrupt is recoverable. Instruction
fetching begins at offset 0x00200 and the registers are set as shown in Table 6-5.

Table 6-5. Register Settings after a Machine Check Interrupt Exception

Register Setting
SRRO Set to the EA of the instruction that caused the exception.
SRR1 1 1 for instruction fetch-related errors; O for load/store-related errors.
2-40
10-150
OthersLoaded from MSR[16-31]. SRR1[30] is cleared only by loading a zero from MSR[RI].
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Table 6-5. Register Settings after a Machine Check Interrupt Exception (continued)

Register Setting
MSR IPNo change
MEO
LE Copied from the ILE setting of the interrupted process
Others0

DSISR Set when the load/store bus is used:

0-140

15-16Set to bits 29-30 of the instruction if X-form instruction and to 0b0O if D-form.
17 Set to bit 25 of the instruction if X-form instruction and to bit 5 if D-form.

18-21Set to bits 21-24 of the instruction if X-form instruction and to bits 1-4 if D-form.
22-31Set to bits 6-15 of the instruction.

DAR When the load/store bus is used, DAR holds the EA of the data access that caused the exception.

6.1.2.3 DSI Exception (0x00300)

DSl exceptions are never generated by the hardware. Software may branch to this location
as a result of either implementation specific DTLB error interrupt or implementation
specific STLB missinterrupt.

6.1.2.4 ISI Exception (0x00400)

ISl exceptionsis never generated by the hardware. The software may branch to thislocation
as aresult of an implementation-specific ITLB error interrupt.

6.1.2.5 External Interrupt Exception (0x00500)

Inthe MPCB855T the external interrupt is generated by the on-chip interrupt controller. Itis
software acknowledged and maskable by MSR[EE], which hardware clears automatically
to disable external interrupts when any exception is taken.

When an external interrupt is detected, program execution continues until all previous
instructions retire from the completion queue and the exception is assigned to the
instruction last entry in the completion queue (at point B in Table 6-19). However, the
following conditions must be met before the instruction at the end of the queue can retire.

* Theinstruction must be completed without exception

» Theinstruction must either be amtspr, mtmsr, rfi, amemory reference, or a
memory- or cache-control instruction.

Instructions not fitting these criteria are discarded along with any execution results. After
the exception handler completes, execution resumes with the first instruction that was
discarded. If all the instructions in the completion queue were allowed to complete,
execution at the end of the exception handler resumes with the next instruction. External
exception latency depends on the time required to reference memory. The measurement is
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equal to the timetaken for one of the following three events, in addition to the interval from
B to E as shown in Table 6-19.

» Longest |oad/store multiple/string instruction used

* Onebuscyclefor aigned access

» Two buscyclesfor unaligned access
System-level exception latency can belonger than theinterval from B to E. If aninstruction
ahead of the exception-causing instruction also generates an exception, that exception is
recognized first. If it isimportant to minimize exception latency, exception handlers should

save the machine context and reenable exceptions as quickly as possible so pending
external exceptions are handled quickly.

Register settings for the external interrupt exception are shown in Table 6-6.
Table 6-6. Register Settings after an External Interrupt

Register Setting Description

SRRO Set to the effective address of the instruction that the processor would have attempted to execute next if
no interrupt conditions were present.

SRR1 0 Loaded with equivalent bits from the MSR
1-4 Cleared
5-9 Loaded with equivalent bits from the MSR
10-15 Cleared
16-31 Loaded with equivalent bits from the MSR

Note that depending on the implementation, reserved bits in the MSR may not be copied to SRR1.

MSR POW 0 FP 0 IP — LE  Setto value of ILE
ILE — ME — IR 0
EE O SE O DR O
PR O BE O RI 0

6.1.2.6 Alignment Exception (0x00600)

This section describes conditions that can cause alignment exceptions in the processor.
Similar to DSI exceptions, alignment exceptions use SRRO and SRR1 to save the machine
state and DSISR to determine the source of the exception. An alignment exception occurs
when no higher priority exception exists and the implementation cannot perform amemory
access for one of the following reasons:

* The operand of Imw, stmw, Iwarx, or stwcx. is not aligned.

* Theinstruction isImw, stmw, Iswi, Iswx, stswi, or stswx and the processor isin
little-endian mode.

* Anunaligned load or storein little-endian mode.

For Imw, stmw, Iswi, Iswx, stswi, and stswx instructions in little-endian mode, an
alignment exception always occurs. For Imw and stmw instructions with an operand that is
not aligned in big-endian mode, and for lwarx and stwcx. with an operand that is not
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aligned in either endian mode, an implementation may yield boundedly-undefined results
instead of causing an alignment exception. For all other cases listed above, an
implementation may execute the instruction correctly instead of causing an alignment
exception.

The register settings for alignment exceptions are shown in Table 6-7.
Table 6-7. Register Settings after an Alignment Exception

Register Setting Description
SRRO Set to the effective address of the instruction that caused the exception.
SRR1 0 Loaded with equivalent bits from the MSR
1-4 Cleared
5-9 Loaded with equivalent bits from the MSR
10-15 Cleared
16-31 Loaded with equivalent bits from the MSR
Note that depending on the implementation, reserved bits in the MSR may not be copied to SRR1.
MSR POW 0 FP O IP — LE  Setto value of ILE
ILE — ME — IR 0
EE O SE O DR O
PR O BE O RI 0
DSISR 0-14Cleared
15-16 For instructions that use register indirect with index addressing—set to bits 29-30 of the
instruction encoding.
For instructions that use register indirect with immediate index addressing—cleared
17 For instructions that use register indirect with index addressing—set to bit 25 of the instruction
encoding.
For instructions that use register indirect with immediate index addressing— set to bit 5 of the
instruction encoding.
18-21 For instructions that use register indirect with index addressing—set to bits 21-24 of the
instruction encoding.
For instructions that use register indirect with immediate index addressing—set to bits 1-4 of the
instruction encoding.
22-26 Set to bits 6-10 (identifying either the source or destination) of the instruction encoding.
Undefined for dcbz.
27-31 Set to bits 11-15 of the instruction encoding (rA) for update-form instructions
Set to either bits 11-15 of the instruction encoding or to any register number not in the range of
registers loaded by a valid form instruction for Imw, Iswi, and Iswx instructions. Otherwise
undefined.
If there is no corresponding instruction, no alternative value can be specified.
DAR Set to the EA of the data access as computed by the instruction causing the alignment exception.

The architecture does not support the use of amisaligned EA by |oad/store with reservation
instructions. If one of these instructions specifies a misaligned EA, the exception handler
should not emulate the instruction but should treat the occurrence as a programming efror.

6.1.2.6.1 Integer Alignment Exceptions

Operations that are not naturally aligned may suffer performance degradation, depending
on the processor design, the type of operation, the boundaries crossed, and the mode that
the processor is in during execution. More specifically, these operations may either cause
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an alignment exception or they may cause the processor to break the memory access into
multiple, smaller accesses with respect to the cache and the memory subsystem.

6.1.2.7 Program Exception (0x00700)

A program exception occurs when no higher priority exception exists and one or more of
the following exception conditions, which correspond to bit settingsin SRR1, occur during
execution of an instruction:

Anlswx instructionfor whichr A or rB isin therange of registersto beloaded (may
cause results that are boundedly undefined)

Privileged instruction—A privileged instruction type program exception is
generated when the execution of a privileged instruction is attempted and the
processor isoperating in user mode (MSR[PR] isset). Itisalso generated for mtspr
or mfspr instructions that have an invalid SPR field that contain one of the defined
values having spr[0] = 1 and if MSR[PR] = 1. Some implementations may also
generate a privileged instruction program exception if a specified SPR field (for a
move to/from SPR instruction) is not defined for a particular implementation, but
spr[0] = 1; in this case, theimplementation may cause either a privileged instruction
program exception, or an illegal instruction program exception may occur instead.
Trap—A trap program exception is generated when any of the conditions specified

inatrap instruction ismet. Trap instructions are described in Section 5.2.4.4, “Trap
Instructions.”

The register settings when a program exception is taken are shown in Table 6-8.

Table 6-8. Register Settings after a Program Exception

Register Setting Description
SRRO « Set to the EA of the instruction that causes the exception.
SRR1 0 Loaded with equivalent bits from the MSR
1-4 Cleared
5-9 Loaded with equivalent bits from the MSR
10 Cleared
Note that only one of bits 11-14 of SRR1 can be set at a time.
11 Cleared.
12 Set for an illegal instruction program exception; otherwise cleared.
13 Set for a privileged instruction program exception; otherwise cleared.
14 Set for a trap program exception; otherwise cleared.
15 Cleared if SRRO contains the address of the instruction causing the exception, and set if
SRRO contains the address of a subsequent instruction.
16-31 Loaded with equivalent bits from the MSR
Note that depending on the implementation, reserved bits in the MSR may not be copied to SRR1.
MSR POW 0 FP O IP — LE  Setto value of ILE
ILE — ME — IR 0
EE O SE O DR O
PR O BE O RI 0
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When a program exception is taken, instruction execution resumes at offset 0x00700 from
the physical base address indicated by MSR[IP].

6.1.2.8 Decrementer Exception (0x00900)

A decrementer exception occurs when no higher priority exception exists, a decrementer
exception condition occurs (for example, the decrementer register has completed
decremented), and MSR[EE] = 1. The decrementer register counts down, causing an
exception request when it passes through zero. A decrementer exception request remains
pending until the decrementer exception is taken and then it is cancelled. The decrementer
Implementation meets the following requirements:

» The counters for the decrementer and the time-base counter are driven by the same
fundamental time base.

» Loading a GPR from the decrementer does not affect the decrementer.
» Storing a GPR value to DEC replaces the DEC contents with the value in the GPR.

*  Whenever bit O of the decrementer changes from 0O to 1, a decrementer exception
request is signaled. If multiple decrementer exception requests are received before
the first can be reported, only one exception is reported.

» |f the decrementer is altered by software and if bit O ischanged from Oto 1, an
exception request is signaled.

The register settings for the decrementer exception are shown in Table 6-9.
Table 6-9. Register Settings after a Decrementer Exception

Register Setting Description

SRRO Set to the effective address of the instruction that the processor would have attempted to execute next if
no exception conditions were present.

SRR1 0 Loaded with equivalent bits from the MSR
1-4 Cleared
5-9 Loaded with equivalent bits from the MSR
10-15 Cleared
16-31 Loaded with equivalent bits from the MSR

Note that depending on the implementation, reserved bits in the MSR may not be copied to SRR1.

MSR POW 0 FP 0 IP — LE Set to value of ILE
ILE — ME — IR 0
EE O SE O DR O
PR O BE O RI 0

When a decrementer exception is taken, instruction execution resumes at offset 0x00900
from the physical base address indicated by MSR[IP].
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6.1.2.9 System Call Exception (0x00CO00)

A system call exception occurs when a System Call (sc) instruction is executed. The
effective address of the instruction following the sc instruction is placed into SRRO. MSR
bits are saved in SRR1, as shown in Table 6-10. Then asystem call exception is generated.

The system call exception causes the next instruction to be fetched from offset 0x00C00
from the physical base addressindicated by the new setting of MSR[IP]. Aswith most other
exceptions, this exception is context-synchronizing. Refer to Section 5.2.2.3.1, “Context
Synchronization,” regarding actions performed by a context-synchronizing operation.

Table 6-10. Register Settings after a System Call Exception

Register Setting Description
SRRO Set to the effective address of the instruction following the System Call instruction
SRR1 0 Loaded with equivalent bits from the MSR
1-4 Cleared
5-9 Loaded with equivalent bits from the MSR
10-15 Cleared
16-31 Loaded with equivalent bits from the MSR
Note that depending on the implementation, reserved bits in the MSR may not be copied to SRR1.
MSR POW 0 FP 0 IP — LE  Setto value of ILE
ILE — ME — IR 0
EE O SE O DR O
PR O BE O RI 0

When a system call exception is taken, instruction execution resumes at offset 0x00C00
from the physical base address indicated by MSR[IP].

6.1.2.10 Trace Exception (0x00D0O0)

A trace exception occurs if MSR[SE] = 1 and any instruction except rfi is successfully
completed or if MSR[BE] = 1 and a branch is completed. Notice that the trace exception
does not occur after an instruction that causes an exception. The monitor/debugger software
must change the vectors of other possible exception addresses to single-step these
instructions. If this is unacceptable, other debug features can be used. See Chapter 44,
“System Development and Debugging,” for more information. Table 6-11 shows register
settings for trace exceptions.

Table 6-11. Register Settings after a Trace Exception

Register Setting

SRRO Set to the EA of the instruction following the executed instruction.
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Table 6-11. Register Settings after a Trace Exception

Register Setting

SRR1 1-40
10-150
Others Loaded from MSR[16-31]. SRR1[30] is cleared only by loading a zero from MSR[RI].

MSR IP No change

ME No change

LE Copied from the ILE setting of the interrupted process
Others 0

Execution resumes at offset 0xO0OD0O from the base address indicated by MSR[1P].

6.1.2.11 Floating-Point Assist Exception

The floating-point assist exception is not generated by the MPC855T. Attempting to
execute a floating-point causes an instruction implementati on-specific software emulation
exception.

6.1.3 Implementation-Specific Exceptions

The following sections describe the MPC855T’s implementati on-specific exceptions.

6.1.3.1 Software Emulation Exception (0x01000)

An software emulation exception occurs as aresult of one of the following conditions;

*  When executing any unimplemented instruction, including all illegal and
unimplemented optional and floating-point instructions.

» When executing amtspr or mfspr that specifies an on-core unimplemented register,
regardless of SPR[O0].

* When executing amtspr or mfspr that specifies an off-core unimplemented register
and SPR[0] = 0 or MSR[PR] = 0 (no program exception condition).

In addition, the following registers are set:

Table 6-12. Register Settings after a Software Emulation Exception

Register Setting
SRRO Set to the EA of the instruction that caused the exception.
SRR1 1-40

10-150

OthersLoaded from MSR[16-31]. SRR1[30] is cleared only by loading a zero from MSR[RI].

MSR IP No change

MENo change

LECopied from the ILE setting of the interrupted process
Others0
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Execution resumes at offset 0x01000 from the base address indicated by MSR[IP].

6.1.3.2 Instruction TLB Miss Exception (0x01100)

Thistype of exception occursif MSR[IR] = 1 and an attempt is made to fetch an instruction
from a page whose effective page number cannot be translated by TLB. The following
registers are set:

Table 6-13. Register Settings after an Instruction TLB Miss Exception

Register Setting
SRRO Set to the EA of the instruction that caused the exception.
SRR1 0-30

41

101

11-150

OthersLoaded from MSR[16-31]. SRR1[30] is cleared only by loading a zero from MSRI[RI].

MSR IP No change

MENo change

LECopied from the ILE setting of the interrupted process
Others0

Some instruction TLB registers are set to the values described in Chapter 8, “Memory
Management Unit.” Execution resumes at offset 0x01100 from the base address indicated
by MSR[IPF].

6.1.3.3 DataTLB Miss Exception (0x01200)

Thistype of exception occurs when MSR[DR] = 1 and an attempt is made to access a page
whose effective page number cannot be translated by TLB. The following registers are set:

Table 6-14. Register Settings after a Data TLB Miss Exception

Register Setting

SRRO Set to the EA of the instruction that caused the exception.

SRR1 1-40
10-150
OthersLoaded from MSR[16-31]. SRR1[30] is cleared only by loading a zero from MSR[RI].

MSR IP No change

MENo change

LECopied from the ILE setting of the interrupted process
Others0

Some instruction TLB registers are set to the values described in Chapter 8, “Memory
Management Unit.” Execution resumes at offset 0x01200 from the base address indicated
by MSR[IP].
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6.1.3.4 Instruction TLB Error Exception (0x01300)
Thistype of exception occurs asaresult of one of thefollowing conditionsif MSR[IR] = 1:

* The EA cannot be translated. Either the segment or page valid bit of this pageis
cleared in the trandation table. Note that although the MPC855T does not
implement segment registers asthey are defined by the OEA, the concept of segment
is retained as the memory space accessible to the level-one table descriptors.

* Thefetch access violates memory protection.
* Thefetch accessisto guarded memory.

The following registers are set:
Table 6-15. Register Settings after an Instruction TLB Error Exception

Register Setting

SRRO Set to the EA of the instruction that caused the exception.

SRR1 Note that only one of bits 1, 3, and 4 will be set.

1 1 if the translation of an attempted access is not in the translation tables. Otherwise 0
20

3 1if the fetch access was to guarded memory when MSR[IR] = 1. Otherwise 0

4 1 if the access is not permitted by the protection mechanism; otherwise 0.

11-150

OthersLoaded from MSR[16-31]. SRR1[30] is cleared only by loading a zero from MSR[RI].

MSR IP No change

MENo change

LECopied from the ILE setting of the interrupted process
Others0

Some instruction TLB registers are set to a value described in Chapter 8, “Memory
Management Unit.” Execution resumes at offset 0x01300 from the base address indicated
by MSR[IF].

6.1.3.5 DataTLB Error Exception (0x014000)

This type of exception occurs as aresult of one of the following conditions:

* NoOEA of aload, store, icbi, dcbz, dcbst, dcbf or dcbi instruction can be transl ated
(either the segment or page valid bit of this pageis cleared in the tranglation table).

» The access violates memory protection.
* An attempt was made to write to a page with a cleared change bit.
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The following registers are set:

Table 6-16. Register Settings after a Data TLB Error Exception

Register

Setting

SRRO

Set to the EA of the instruction that caused the exception.

SRR1

1-40
10-150
OtherLoaded from MSR[16-31]. SRR1[30] is cleared only by loading a zero from MSR[RI].

MSR

IP No change

MENo change

LECopied from the ILE setting of the interrupted process
Others0

DSISR

00

1 Set if the translation of an attempted access is not found in the translation tables. Otherwise, cleared
2-30

4 Set if the memory access is not permitted by the protection mechanism; otherwise cleared

50

6 1 for a store operation; O for a load operation.

7-310

DAR

Set to the EA of the data access that caused the exception.

Some instruction TLB registers are set to the values described in Chapter 8, “Memory
Management Unit.” Execution resumes at offset 0x01400 from the base address indicated
by MSR[IP].

6.1.3.6 Debug Exceptions (0x01C00-0x01F00)

A debug exception occursin response to one of the following conditions:

*  When thereis an internal breakpoint match (for more details, see Section 44.2,
“Watchpoints and Breakpoints Support”).

* When aperipheral breakpoint request is presented to the exception mechanism.
* When the development port request is presented to the exception mechanism.

The following registers are set:

Table 6-17. Register Settings after a Debug Exception

Register Setting

SRRO For I-breakpoints, set to the EA of the instruction that caused the exception. For L-breakpoint, set to the EA
of the instruction after the one that caused the exception. For development port maskable request or a
peripheral breakpoint, set to the EA of the instruction that the processor would have executed next if no
exception conditions were present. If the development port request is asserted at reset, the value of SRRO
is undefined.

SRR1 1-40
10-150

OthersLoaded from MSR[16-31]. SRR1[30] is cleared only by loading a zero from MSRI[RI].

If the development port request is asserted at reset, the value of SRR1 is undefined.
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Table 6-17. Register Settings after a Debug Exception

Register Setting

MSR IP No change
MENo change
LECopied from the ILE setting of the interrupted process

Others0

BAR For L-bus breakpoint conditions. Set to the EA of the data access as computed by the instruction that caused
the exception.

DSISR For L-bus breakpoint conditions. Do not change.

DAR For L-bus breakpoint conditions. Do not change.

Execution resumes from the following offsets from the base indicated by the MSR[1P]:
*  0x01DO00—For an instruction breakpoint match
* 0x01CO0—For adata breakpoint match
* OxO1EOO0—For adevelopment port maskable request or a peripheral breakpoint
* OxO1FO00—For a development port nonmaskable request

6.1.4 Implementing the Precise Exception Model

Because instructions execute in parallel they may execute out of order. To ensure that
out-of-order execution does not affect data integrity, hardware ensures a precise exception
model. As instructions are dispatched in-order to the execution units, they are assigned
sequential positions in the six-entry completion queue, a FIFO buffer maintains program
order. The completion queue is shown in Figure 3-2.

When an exception condition is encountered, previous instructionsin the compl etion queue
are allowed to complete and be retired from the completion queue. If one of these
instructions generates another exception, that exception is handled first. Subsequent
instructions, and any results associated with them, are flushed from the processor before
instruction processing resumes at the appropriate exception vector. Before control passes
to the exception handler, machine state is saved in SRRO and SRRL1.

After an exception handler executes, the machine state of the interrupted process is
restored, typically by executing the rfi instruction, which writes bits from SRR1 to the
M SR, SRRO contains the instruction address at which fetching should resume. To correctly
restore the architectural state, the CQ must record the value of the destination before the
instruction is executed. The destination of a store instruction, however, isin memory and it
Is not practical from a performance standpoint to aways read memory before writing it.
Therefore, stores issue immediately to store buffers but do not update memory until all
previous instructions have finished executing without exception or until the store
instruction reaches CQO.
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The completion queue can hold six instructions, but no more than four integer instructions.
The other two instructions can be condition code or branch instructions. Long latency
instructions may cause the completion queueto fill, stalling dispatch until the long latency
instruction vacates the completion queue. The following instructions may cause the
completion queue to fill:

* Integer divide instructions

* Instructionsthat affect or use resources external to the core (load/store instructions,
and especially load/store string multiple/instructions)

6.1.5 Recoverability after an Exception

The processor cannot always recover from system reset and machine check interrupts,
either because the conditions that cause the interrupt are catastrophic or because they
caused the save/restore information in SRRO and SRR1to be overwritten.

All other exceptions should be restartable. Registers such as SRR0 and SRR1 (and for some
exceptions the data address register (DAR) and DSI status register (DSISR)) that may be
affected by subseguent exceptions should be saved early in the routine to avoid being
overwritten. Likewise, the saved values should be restored to those registers at the end of
the handler routine in such a way that protects them from an exception before the
instruction returns control to the interrupted process. Interrupts should also be masked in
these areas by clearing (disabling) MSR[ME] for system reset and machine check
interrupts and MSR[EE] for externa interrupt, decrementer and two
implementation-specific exceptions—debug port unmaskable interrupt and breakpoint
interrupt in nonmaskable mode.

The recoverable exception bit (MSR[RI]) is defined to notify the exception handler code
whether it is in a restartable state. The MSR[RI] shadow bit in SRR1 indicates if the
exception is restartable. This bit does not need to be checked on exception types that are
restartable by convention, except those previously mentioned. When an exception occurs,
MSRI[RI] is copied to the equivalent bit in SRR1 and cleared. When an rfi instruction is
executed, MSR[RI] is copied from SRR1 or software can change the bit by using it the
mtmsr instruction. The MSR[RI] bit is intended to be set by the exception handler after
saving the machine state, in SRRO and SRR1 (and DAR and DSISR if needed) and cleared
by the exception handler before retrieving the machine state.

In critical code sections where MSR[EE] is cleared but SRRO and SRR1 are not busy,
MSR[RI] should remain set. In such cases, if an exception occurs, the processisrestartable.
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Table 6-18 lists SPRs that facilitate manipulation of MSR[RI] and MSR[EE]. Writing to
these locations performs the specified operation. Attempting to read these locations is
treated as an unimplemented instruction and causes a software emulation exception.

Table 6-18. Additional SPRs that Affect MSR Bits

Name | SPR | MSR[EE] | MSR[RI] Used For
EIE 80 1 1 External interrupt enable:
End of handler’s prologue, enable nested external interrupts;
End of critical code segment in which external interrupts were disabled
EID 81 0 1 External interrupt disable, but other exception are recoverable:
End of handler’s prologue, keep external nested interrupts disabled;
Start of critical code segment in which external interrupts are disabled
NRI 82 0 0 Nonrecoverable interrupt:

Start of handler’s epilogue

6.1.6 Exception Latency

Figure 6-1 describes significant events during exception processing.
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Figure 6-1. Exception Latency

Table 6-19. Exception Latency

Kill Pipeline

Instruction Complete

Instruction complete and all
previous instructions complete

Issue

Faulting instruction issue

Fetch

Time Point
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Table 6-19. Exception Latency (continued)

Time Point Fetch Issue Instruction Complete Kill Pipeline
C Start fetch handler Kill pipeline
D (at least 3
clocks after B)
E First instruction of handler
dispatched

A At time point A the excepting instruction dispatches and begins executing. Previously

B

dispatched instructions are proceeding through the pipeline.

The excepting instruction has executed and reached CQO; previous instructions have
finished execution without generating exceptions. The exception is recognized and
between B and D (between 3 and 10 cycles) the effects of any instructions after the one
that generated the interrupt are cancelled and the instructions are flushed. If the
instruction had not generated an exception, it would have been retired.

The core fetches the first instructions of the exception handler if the exception handler
iIsexternal. Itis5 cyclesif it isin theinstruction cache and no-show modeis on.

All state has been restored. During the interval between D and E, the machineis saving
context information in the SRRO and SRR1 registers, disabling exceptions, placing the
machine in privileged mode, and fetching instructions of the exception handler. The
interval between D and E requiresat |east one clock. Thetime between C and E depends
on the memory system and thetimeit takesto fetch thefirst instruction of the exception
handler. For full completion queue restore time, it is no less than two clocks.

The M SR and instruction pointer of the executing process have been saved and control
has been transferred to the exception handler routine. Exception handler instructions
that have been fetched can be dispatched.

6.1.7 Partially Completed Instructions

Partially completed instructions can be reexecuted after the exception is handled. This
precise exception model can simplify exception processing because software does not have
to save the machine'sinternal states, unwind the pipelines, or cleanly terminate the faulting
instruction stream and reverse the process to resume execution of the faulting stream.

Table 6-20. Before and After Exceptions

Exception Type

Instruction Type

Before/After

Contents of SRRO

Hard reset (caused by HRESET or SRESET) | Any

NA

Undefined

System reset Any Before Next instruction to execute
Machine check Any Before Faulting instruction

TLB miss/error 1 Any Before Faulting fetch or load/store
Other noninstruction-related exceptions Any Before Next instruction to execute
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Table 6-20. Before and After Exceptions (continued)

Exception Type Instruction Type Before/After Contents of SRRO
Alignment Load/store Before Faulting instruction
Privileged instruction Any privileged instruction | Before Faulting instruction
Trap tw, twi Before Faulting instruction
System call sc After Next instruction to execute
Trace Any After Next instruction to execute
Debug I- breakpoint 1 Any Before Faulting instruction
Debug L- breakpoint 1 Load/store After Faulting instruction + 4
Software emulation 1 NA Before Faulting instruction
Floating-point unavailable Floating-point Before Faulting instruction

1 Implementation-specific exceptions not defined by the PowerPC architecture
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Chapter 7
Instruction and Data Caches

The MPC855T contains separate 4-Kbyte, two-way set associative instruction and data
caches to allow rapid core access to instructions and data. This chapter describes the
organization of the on-chip instruction and data caches, cache control, various cache
operations, and the interaction between the caches, the load/store unit (LSU), the
Instruction sequencer, and the system interface unit (SIU).

The MPCB855T cache implementation has the following characteristics:
» There are two separate 4-Kbyte instruction and data caches (Harvard architecture).
* Bothinstruction and data caches are two-way set associative.

» The cachesimplement aleast-recently-used (L RU) replacement algorithm within
each set.

* The cache directories are physically addressed. The physical (real) addresstag is
stored in the cache directory.

» Boththeinstruction and data caches have 16-byte cache blocks. A cacheblock isthe
block of memory that a coherency state describes, also referred to as a cache line.

» Two state bits for each data cache block allow encoding for three states:
— Modified-valid (sometimes called ‘modified’)
— Unmodified-valid (sometimes called ‘ exclusive’)
— Invalid

* A singlestate bit for each instruction cache block allows encoding for two possible
states:

— Valid
— Invalid

» Both caches can be disabled, invalidated, or locked by issuing commandsto their
respective cache control registers, special-purpose registers (SPRs) specific to the
MPCB855T. See Section 7.3, “Cache Control Registers,” for more information.

» Individual cache blocks can be locked so that frequently accessed instructions
and/or data are guaranteed to be resident in the respective cache.
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On a cache miss, the MPC855T's cache blocks are filled in 16-byte bursts. The burst fill is
performed as a critical-word-first operation; the critical word is simultaneously written to
the cache and forwarded to the requesting unit, thus minimizing stalls due to cache fill
latency. Both caches provide storage for cache tags and perform cache block replacement
(LRU) function.

Both caches are tightly coupled to the MPC855T’s system interface unit (SIU) to allow
efficient access to the system memory controller and other bus masters. The SIU receives
requests for bus operations from the instruction and data caches, and executes the
operations per the external bus protocoal.

The data cache provides buffers for load and store bus operations. The data cache supplies
data to the GPRs by means of a 32-bit interface to the load/store unit. The LSU is directly
coupled to the data cache to alow efficient movement of data to and from the
general-purpose registers. The load/store unit provides all logic required to calculate
effective addresses, handles data alignment to and from the data cache, and provides
sequencing for load and store string and multiple operations. Write operations to the data
cache can be performed on a byte, half-word, or word basis.

The instruction cache provides a 32-bit interface to the instruction sequencer. The
Instruction sequencer uses the instruction cache as much as possible in order to sustain the
high throughput provided by the four-entry instruction queue.

7.1 Instruction Cache Organization

The MPCB855T instruction cache is organized as 128 sets of two blocks, as shown in
Figure 7-1. Each block consists of 16 bytes, asingle state bit, alock bit, and an addresstag.
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Figure 7-1. Instruction Cache Organization

Each instruction cache block contains four contiguous words from memory that are loaded
from a four-word boundary; that is, bits A[28-31] of the logical (effective) addresses are
zero. As a result, cache blocks are aligned with page boundaries. Also, address bits
A[21-27] provide the index to select a set, and bits A[28-29] select aword within a block.
The tags consist of the high-order physical address bits PA[0-20]. Address trandation
occursin parallel with set selection (from A[21-27]).
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The instruction cache implements a single state bit for each cache block that indicates
whether the cache block isvalid or invalid. The MPC855T does not support snooping of the
instruction cache. All memory is considered to have memory-coherency-not-required
attributes. Therefore, software must maintain instruction cache coherency. The MPC855T
supports a fast instruction cache invalidate capability as described in Section 7.3.1.2.5,
“Instruction Cache Invalidate All Command.”

The instruction cache also implements a lock bit for each cache block that alows
instructions to be loaded into the instruction cache and locked—rproviding fast and
deterministic execution timefor critical code segments. The MPC855T supports commands
for locking and unlocking individual cache blocks and for unlocking all the cache blocks at
once.
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7.2 Data Cache Organization

The data cache is organized as 128 sets of two blocks as shown in Figure 7-2. Each block
consists of 16 bytes, two state bits, alock bit, and an address tag.
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Figure 7-2. Data Cache Organization
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Each cache block contains four contiguous words from memory that are loaded from a
four-word boundary; that is, bits A[28-31] of the logical (effective) addresses are zero. As
a result, cache blocks are aligned with page boundaries. Note that address bits A[21-27]
provide the index to select a cache set. Bits A[28-31] select a byte within ablock. The tags
consist of the high-order physical address bits PA[0—20]. Address trandation occurs in
parallel with set selection (from A[21-27]).

The two state bits implement a three-state (modified-valid/unmodified-valid/invalid)
protocol. The MPC855T does not provide support for snooping external bus activity. All
coherency between the internal caches and external agents (memory or 1/0O devices) must
be controlled by software.

The data cache al so implementsalock bit for each cache block that allows data to be loaded
into the data cache and locked. The MPC855T supports commands for locking and
unlocking individual cache blocks and for unlocking al the cache blocks at once.

7.3 Cache Control Registers

The MPCB855T’ s caches are controlled by programming commands using the cache control
registers and by issuing dedicated PowerPC cache control instructions. This section
describes control of the instruction and data caches by the cache control registers.
Section 7.4, “PowerPC Cache Control Instructions,” describes the PowerPC cache control
Instructions.

7.3.1 Instruction Cache Control Registers

The MPC855T implementsthree special purpose registers (SPRs) to control the instruction
cache—the instruction cache control and status register (IC_CST), the instruction cache
address register (IC_ADR), and the instruction cache data port register (IC_DAT). The
instruction cache can be disabled, invalidated, or locked by issuing the appropriate
commands to the instruction cache control registers (IC_CST, IC_ADR, and IC_DAT). In
addition, the instruction cache control registers can be used to read the contents and tags of
specific instruction cache blocks.

The mtspr and mfspr instructions are used to access the cache control registers, but they
can be accessed only by supervisor-level programs (that is, when MSR[PR] = 0). Any
attempt to access these SPRs with a user-level program (MSR[PR] = 1) results in a
supervisor-level program exception.

The IC_CST register, shown in Figure 7-3, has an SPR encoding of 560.
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BIT o | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | o [ 10 | 11| 12 | 13 | 14 | 15
FELD | IEN — CMD — CC1ER CCZER —

RESET | o — — — 0o | o -

AW R — AW _ R | R _

BIT 16 | 17 | 18| 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 20 | 30 | 3
FIELD _

RESET _

AW —

SPR 560

Figure 7-3. Instruction Cache Control and Status Register (IC_CST)

Table 7-1. describes the bits of the IC_CST register.
Table 7-1. Instruction Cache Control and Status Register—IC_CST

Bits

Name

Description

IEN

Instruction cache enable status.

0 The instruction cache is disabled

1 The instruction cache is enabled

Note that this is a read-only bit. Any attempt to write to it is ignored.

1-3

Reserved

4-6

CMD

Instruction cache command

0OOReserved

001Cache enable

010Cache disable

Ol11Load & lock cache block

100Unlock cache block

101Unlock all

110Invalidate all

111Reserved

Note that reading these bits always returns 0b0O00

7-9

Reserved

10

CCER1

Instruction cache error type 1—bus error during an IC_CST load & load cache block command
0 No error detected

1 Error detected

Note that this is a read-only, sticky bit, set only by the MPC855T when an error is detected.
Reading this bit clears it.

11

CCER2

Instruction cache error type 2—no unlocked way available for an IC_CST load & lock cache
block command

0 No error detected

1 Error detected

Note that this is a read-only, sticky bit, set only by the MPC855T when an error is detected.
Reading this bit clears it.

12-31

Reserved
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The IC_ADR register, shown in Figure 7-4, has an SPR encoding of 561.

BIT 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
FIELD ADR
RESET —
R/W RW
SPR 561

Figure 7-4. Instruction Cache Address Register (IC_ADR)

Table 7-2 describes the bits of the IC_ADR register.
Table 7-2. Instruction Cache Address Register—IC_ADR

Bits | Name Description

0-31 | ADR | Instruction cache command address. When programming the IC_CST[CMD] load & lock cache
block and unlock cache block commands, IC_ADR contains the physical address in external
memory of the desired cache block element. When reading the data, tags, and status contained
within the instruction cache, IC_ADR is used to qualify what is to be read according to Table 7-6 See
Section 7.3.1.1, “Reading Data and Tags in the Instruction Cache,” for more information.

The IC_DAT register, shown in Figure 7-5, has an SPR encoding of 562.

BIT 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
FIELD DAT
RESET —
R/W RIW
SPR 562

Figure 7-5. Instruction Cache Data Port Register (IC_DAT)

Table 7-3 describes the bits of the IC_DAT register.
Table 7-3. Instruction Cache Data Port Register—IC_DAT

Bits Name Description

0-31 DAT Instruction cache command data. The data received when reading information from the
instruction cache. See Section 7.3.1.1, “Reading Data and Tags in the Instruction Cache,” for
more information.

7.3.1.1 Reading Data and Tags in the Instruction Cache

The MPC855T supports reading the data, tags, and the state and lock bits stored in the
instruction cache. The instruction cache read command, issued by reading the IC_DAT
register, uses the IC_ADR register to qualify what is to be read. Table 7-4. describes the
fields of the IC_ADR register during an instruction cache read command.
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Table 7-4. IC_ADR Fields for Cache Read Commands

0-17 18 19 20 21-27 28-29 30-31
Reserved 0 Tag 0 Way O Reserved Set select Word select Reserved
1 Data 1 Way1l (0-127) (used only for

data array)

To read the data or tags stored in the instruction cache, do the following:

1. Writetheaddress of thedataor tag to beread tothe|C_ADR according to theformat
shown in Table 7-6
Notethat it is also possible to read this register for debugging purposes.

2. Read the IC_DAT register.

For data array (IC_ADR[18] = 1) read commands, the word selected by IC_ ADR[28-29]
is placed in the target general-purpose register. For tag array (IC_ADR[18] = 0) read
commands, the tag and state information is placed in the target general-purpose register.
Table 7-5. provides the format of the IC_DAT register for atag read.

Table 7-5. IC_DAT Format for a Tag Read (IC_ADRJ[18] =0)

0-20 21 22 23 24 25-31

0 Unlocked
1 Locked

0 Invalid LRU bit of this set Reserved

1 Valid

Tag value Reserved

7.3.1.2 IC_CST Commands

All IC_CST commands, except the load & lock cache block command, are executed
immediately after writing to the IC_CST register and do not generate any errors. Therefore,
when executing these commands thereis no need to check the error type bitsinthe IC_CST
register. All commands should be followed by an isync instruction, if the instruction cache
command isrequired to affect al instruction fetches that come after it in the program order.
In addition, correct operation of the instruction cache relies on software following the
procedures described in Section 7.5.5, “Updating Code and Memory Region Attributes.”

Note that when the instruction cache is executing a command, it stops handling CPU
requests, which can result in machine stalls.

7.3.1.2.1 Instruction Cache Enable/Disable Commands

The instruction cache enable command (IC_CST[CMD] = 0b001) is used to enable the
instruction cache; theinstruction cache disable command (IC_CST[CMD] = 0b010) isused
to disabletheinstruction cache. Neither of these commands has any error cases. The current
state of the instruction cache is available by reading the instruction cache enable status bit
(IC_CST[IENY)).
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When disabled, the MPCB855T ignores the instruction cache valid bit and operates asif all
accesses have caching-inhibited access attributes (that is, all instruction fetches are
propagated to the bus as single-beat transactions). Disabling the instruction cache does not
affect the instruction address trandation logic, MSR[IR] controls instruction address
trandation.

At hard reset, the instruction cache is disabled.
7.3.1.2.2 Instruction Cache Load & Lock Cache Block Command

Theinstruction cacheload & lock cache block command (IC_CST[CMD] = 0b011) isused
to lock critical code segments in the instruction cache. Locked cache blocks are not
replaced during misses and are not affected by invalidate commands. Correct operation of
locked instruction cache blocks relies on software following the procedures described in
Section 7.5.5, “Updating Code and Memory Region Attributes.”

To load & lock one or more cache blocks:

1. Readthe|C_CST error type bitsto clear them.

2. Write the address of the cache block to be locked to the IC_ADR register.

3. Writetheload & lock cache block command (IC_CST[CMD] = 0b011) to the
IC_CST register.

4. Execute anisync instruction.

5. Repeat steps 2 through 4 to load & lock another cache block.

6. Read the|C_CST error type bits to determine if the sequence completed without
errors.

After the load & lock cache block command is written to the IC_CST register, the cache
checks if the block containing the byte addressed by IC_ ADR[ADR] isin the cache (hit).
If it is in the cache, the block is locked. If the block is not in the cache, a norma miss
sequence is initiated (see Section 7.5.2, “Instruction Cache Miss,” for more information).
After the addressed block is placed into the cache, the block is locked.

The user must check the IC_CST error type bitsto determineif theload & lock cache block
operation completed without error. The load & lock cache block command generates two
possible errors:

» Type l—abuserror occurred in one of the fetch cycles
» Type2—thereisno availableway to lock (It isthe responsibility of the user to make
sure that there is at least one unlocked way in the appropriate set.)

The error type bits in the IC_CST register are sticky, thus allowing the user to perform a
series of load & lock cache block commands before checking the termination status. These
bits are set by the MPC855T and are cleared by software.

Note that the MPC855T considers all zero-wait-state devices on the internal bus as
caching-inhibited. For this reason, software should not perform load & lock cache block
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operations from these devices on the internal bus.
7.3.1.2.3 Instruction Cache Unlock Cache Block Command
The unlock cache block command (IC_CST[CMD] = 0b100) is used to unlock previously
locked cache blocks. To unlock a cache block:
1. Write the address of the cache block to be unlocked to the IC_ADR register.
2. Write the unlock cache block command (IC_CST[CMD] = 0b100) to the IC_CST
register.

If the block is found in the cache (hit), it is unlocked and thereafter operates as a regular
valid cache block. If the block is not found in the cache (miss), no operation is performed.
There are no error cases for the unlock block command.

The instruction cache performs the unlock cache block command in one clock cycle.
7.3.1.2.4 Instruction Cache Unlock All Command

The unlock all command (IC_CST[CMD] = 0b101) is used to unlock the entire instruction
cache with a single command.

When the unlock all command is performed, if a cache block islocked, it is unlocked and
thereafter operates as aregular valid cache block. If ablock isnot locked or if it is marked
invalid, no operation is performed. There are no error cases for the unlock all command

The instruction cache performs the unlock all command in one clock cycle.
7.3.1.2.5 Instruction Cache Invalidate All Command

The instruction cache invalidate all command (IC_CST[CMD] = 0b110) causes dl
unlocked, valid blocks in the instruction cache to be marked invalid. As a result of the
invalidate all command, the LRU bits of all cache blocks point to either the unlocked way
or to way O if both ways are unlocked. There are no error cases for the invalidate all
command.

The instruction cache performsthe invalidate all command in one clock cycle.

7.3.2 Data Cache Control Registers

The MPC855T implements three specia purpose registers (SPRs) to control the data
cache—the data cache control and status register (DC_CST), the data cache address
register (DC_ADR), and the data cache data port register (DC_DAT). The data cache can
be disabled, invalidated, locked, or flushed by issuing the appropriate commandsto the data
cache control registers (DC_CST, DC_ADR, and DC_DAT). Also, the data cache control
registers can be used to read the contents and tags of specific data cache blocks.

DC_CST[DFWT] can be used to force the data cache into write-through mode.
DC _CST[LES] controls true-little endian byte-ordering of the MPC855T. See
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Appendix A, “Byte Ordering,” for more information.

The mtspr and mfspr instructions are used to access the cache control registers, but they
can be accessed only by supervisor-level programs (that is, when MSR[PR] = 0). Any
attempt to access these SPRs with a user-level program (MSR[PR] = 1) results in a
supervisor-level program exception.

The DC_CST register, shown in Figure 7-6, has an SPR encoding of 568.

BIT 0 1 2 3 4 | 5 | 6 | 7 8 | 9 10 11 12 | 13 | 14 | 15
FIELD DEN | DFWT | LES — CMD — CC1ER CCQER —

RESET 0 0 0 — — — 0 0 —

R/W R R R — RIW — R R —

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

RESET —

R/W —

SPR 568

Figure 7-6. Data Cache Control and Status Register (DC_CST)

Table 7-6 describes the bits of the DC_CST register.
Table 7-6. Data Cache Control and Status Register—DC_CST

Bits | Name Description

0 DEN | Data cache enable status

0 The data cache is disabled

1 The data cache is enabled

Note that this is a read-only bit. Any attempt to write to it is ignored. This bit is programmed by
issuing the appropriate command in DC_CST[CMD].

1 DFWT | Data cache forced write-through

0 The write-through behavior of the data cache is determined by the write-through memory/cache
access attribute (the W bit) in the MMU.

1 Writes to the data cache are forced to write through to memory.

Note that this is a read-only bit. Any attempt to write to it is ignored. This bit is programmed by

issuing the appropriate command in DC_CST[CMD].

2 LES | Little-endian swap

0 Used for big-endian (BE) and Modified little-endian (MOD-LE) modes. No modifications to the
address or byte lanes are performed.

1 Used for true little-endian (TLE) mode. A 2-bit munge is performed on the physical address
before accessing the internal U-bus. Also, for accesses originating from the PowerPC core,
the SIU unmunges the address and swaps the bytes of data within each word at the external
bus/internal U-bus boundary.

See Appendix A, “Byte Ordering,” for more information on MPC855T byte ordering. Note that this

is a read-only bit. Any attempt to write to it is ignored. This bit is programmed by issuing the

appropriate command in DC_CST[CMD].

3 Reserved

MPC855T User’s Manual



Cache Control Registers

Table 7-6. Data Cache Control and Status Register—DC_CST (continued)

Bits

Name

Description

4-7

CMD

Data cache command

0000 Reserved

0001 Set forced write-through bit
0010 Cache enable

0011 Clear forced write-through bit
0100 Cache disable

0101 Set true little-endian swap bit
0110 Load & lock cache block
0111 Clear little-endian swap bit
1000 Unlock cache block

1001 Reserved

1010 Unlock all

1011 Reserved

1100 Invalidate all

1101 Reserved

1110 Flush cache block

1111 Reserved

Note that reading these bits always returns 0b0000

8-9

Reserved

10

CCER1

Data cache error type 1—copyback error during dcbf or dcbst instruction execution or during
DC_CST flush cache block command. A machine check exception is generated when this bit is
set.

0 No error detected

1 Error detected

Note that this is a read-only, sticky bit, set only by the MPC855T when an error is detected.
Reading this bit clears it.

11

CCER2

Data cache error type 2. This bit indicates one of two possible errors—either a bus error during
DC_CST load & load cache block or flush cache block command or there is no unlocked way
available for a DC_CST load & lock cache block or flush cache block command.

0 No error detected

1 Error detected

Note that this is a read-only, sticky bit, set only by the MPC855T when an error is detected.
Reading this bit clears it.

12-31

Reserved

The DC_ADR register, shown in Figure 7-7., has an SPR encoding of 5609.

BIT 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
FIELD ADR
RESET —
R/W RW
SPR 569

Figure 7-7. Data Cache Address Register (DC_ADR)
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Table 7-7 describes the bits of the DC_ADR register.
Table 7-7. Data Cache Address Register—DC_ADR

Bits

Name

Description

0-31

ADR

Data cache command address. When programming the DC_CST load & lock cache block, unlock
cache block, and flush cache block commands, DC_ADR contains the physical address of the
desired cache block element in external memory. When reading the data, tags, and status
contained within the data cache, DC_ADR is used to qualify what is to be read according to
Table 7-7. See Section 7.3.2.1, “Reading Data Cache Tags and Copyback Buffer,” for more

information.

The DC_DAT register, shown in Figure 7-8, has an SPR encoding of 570.

BIT |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
FIELD DAT
RESET -

RIW RIW

SPR 570

Figure 7-8. Data Cache Data Port Register (DC_DAT)

Table 7-8 describes the bits of the DC_DAT register.
Table 7-8. Data Cache Data Port Register—DC_DAT

Bits

Name

Description

0-31

DAT

Data cache command data. The data received when reading information from the data cache. See
Section 7.3.2.1, “Reading Data Cache Tags and Copyback Buffer,” for more information.

7.3.2.1 Reading Data Cache Tags and Copyback Buffer

The MPC855T supports reading the tags, the state bits and the lock bits stored in the data
cache aswell asthelast copyback address, and data wordsin the copyback buffer. The data
cache read command, issued by reading DC_DAT, uses the DC_ADR register to qualify
what is to be read. Table 7-9. describes the fields of the DC_ADR register during a data
cache read command.

Table 7-9. DC_ADR Fields for Cache Read Commands

data-word select

0-17 18 19 20 21-27 28-31
Reserved 0 Tags 0 Way 0 Reserved Set select Reserved
1 Wayl (0-127)
1 Copyback Reserved Copyback buffer
buffer address/
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To read the copyback buffer data or the tags stored in the data cache, do the following:

1. Writethe address of the copyback buffer or tag to beread to the DC_ADR according
to the format shown in Table 7-9..
Note that it is also possible to read this register for debugging purposes.

2. Read the DC_DAT register. Note that writing to the DC_DAT register isillegal. A
writeto DC_DAT results in an undefined data cache state.

For tag array (DC_ADR[18] = 0) read commands, the tag and state information is placed
in the target general-purpose register. Table 7-10. provides the format of the DC_DAT
register for atag read.

Table 7-10. DC_DAT Format for a Tag Read (DC_ADRJ[18] =0)

0-20 21 22 23 24 25 26-31
Tag value Reserved 0 Invalid 0 Unlocked LRU bit of this | 0 Unmodified Reserved
1 Valid 1 Locked set 1 Modified

The last copyback address or data buffer can be read by using the copyback buffer read
command (DC_ADRJ[18] =1). The copyback buffer select field (DC_ADR[21-27]), shown
in Table 7-11, determines which word of the cache block in the copyback buffer is read.

Table 7-11. Copyback Buffer Select Field (DC_ADR[21-27]) Encoding

DC_ADR[21-27] Buffer Selected
0x00 Copyback buffer data word 0
0x01 Copyback buffer data word 1
0x02 Copyback buffer data word 2
0x03 Copyback buffer data word 3
0x04 Copyback address

7.3.2.2 DC_CST Commands

All DC_CST commands, except the load & lock cache block and flush cache block
commands, are executed immediately after writing to the DC_CST register and do not
generate any errors. Therefore, there is no need to check the error type bitsinthe DC_CST
register except when executing the load & lock cache block and flush cache block
commands.

Note that when the data cache is executing a command, it stops handling CPU requests,
which can result in machine stalls.

7.3.2.2.1 Data Cache Enable/Disable Commands

The data cache enable command (DC_CST[CMD] = 0b0010) is used to enable the data
cache; the data cache disable command (DC_CST[CMD] = 0b0100) is used to disable the
data cache. Neither of these commands has any error cases. The current state of the data
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cache is available by reading the data cache enable status bit (DC_CST[DEN]).

When disabled, the MPC855T ignores the data cache state bits and operates as if all
accesses have caching-inhibited access attributes (that is, all accesses are propagated to the
bus as single-beat transactions). Disabling the data cache does not affect the data address
trandation logic; MSR[DR] controls data address trandlation.

Note that the data cache is disabled at hard reset. Also, the data cache is automatically
disabled when atype 1 data cache error (see Table 7-6 for DC_CST[CCER1] conditions)
generates a machine check exception.

7.3.2.2.2 Data Cache Load & Lock Cache Block Command

The data cache load & lock cache block command (DC_CST[CMD] = 0b0110) is used to
lock critical datain the datacache. L ocked cache blocks are not replaced during misses and
are not affected by invalidate commands.

To load & lock one or more cache blocks:
1. Readthe DC_CST error type bitsto clear them.
2. Write the address of the cache block to be locked to the DC_ADR register.
3. Writetheload & lock cache block command (DC_CST[CMD] = 0b0110) to the
DC_CST register.
4. Repeat steps 2 and 3to load & lock another cache block.
5. Read DC_CST[CCERZ2] to determine if the sequence completed without errors.

After the load & lock cache block command is written to the DC_CST register, the cache
checksif the block containing the byte addressed by DC_ADR[ADR] isin the cache (hit).
If it isin the cache, the block islocked and the command terminates with no exception. If
the block is not in the cache, a normal miss sequence is initiated (see Section 7.6, “Data
Cache Operation,” for more information). After the addressed block is placed into the
cache, the block islocked.

The user must check DC_CST[CCERZ2] to determine if the load & lock cache block
operation completed without error. The error type bits in the DC_CST register are sticky,
thus allowing the user to perform a series of load & lock commands before checking the
termination status. These bits are set by the MPC855T and are cleared by software.

Note that the MPC855T considers all zero-wait-state devices on the internal bus as
caching-inhibited. For this reason, software should not perform load & lock operations
from these devices on the interna bus.

7.3.2.2.3 Data Cache Unlock Cache Block Command

The unlock cache block command (DC_CST[CMD] = 0b1000) is used to unlock
previously locked cache blocks. To unlock a cache block:

1. Write the address of the cache block to be unlocked to the DC_ADR register.

MPC855T User’s Manual



Cache Control Registers

2. Write the unlock cache block command (DC_CST[CMD] = 0b1000) to the
DC _CST register.

If the block is found in the cache (hit), it is unlocked and thereafter operates as a regular
valid cache block. If the block is not found in the cache (miss), no operation is performed.
There are no error cases for the unlock block command.

The data cache performs the unlock cache block command in one clock cycle.

7.3.2.2.4 Data Cache Unlock All Command

The data cache unlock all command (DC_CST[CMD] = 0b1010) is used to unlock the
entire data cache with a single command. When the unlock all command is performed, if a
cache block islocked, it is unlocked and thereafter operates as aregular valid cache block.
If ablock is not locked or if it is marked invalid, no operation is performed. There are no
error cases for the unlock all command.

The data cache performs the unlock all command in one clock cycle.

7.3.2.2.5 Data Cache Invalidate All Command

The data cache invalidate al command (DC_CST[CMD] = 0b1100) causes all unlocked,
valid blocks in the data cache to be marked invalid, regardiess of whether the data is
modified. Therefore, thiscommand may effectively destroy modified data. To invalidate the
entire datacachetheinvalidate all command should be preceded by an unlock all command.
Note that the data cache is not automatically invalidated at hard reset.

As aresult of the invalidate all command, the LRU bits of all cache blocks point to either
the unlocked way or to way 0 if both ways are unlocked. There are no error cases for the
invalidate all command.

The data cache performs the invalidate all command in one clock cycle.

7.3.2.2.6 Data Cache Flush Cache Block Command

The data cache flush cache block command (DC_CST[CMD] = 0b1110) is used to write
the contents of an unlocked, modified-valid cache block to memory and subsequently
invalidate that cache block. If the cache block is unmodified-valid, the cache block is
invalidated without writing the contents to memory. If the cache block islocked or if itis
marked invalid, no operation is performed.

If a bus error occurs while executing the DC _CST flush cache block command,
DC_CST[CCER1] isset and a machine check exception is generated. The data of the cache
block flagged by the bus error is contained in the copyback buffer; it will have already been
flushed from the data cache array. See Section 7.3.2.1, “Reading Data Cache Tags and
Copyback Buffer,” for more information.

The PowerPC cache control instructions dcbst and dcbf can also be used to flush the data
cache. Note that the PowerPC cache control instructions operate on effective addresses that
are trandated while the DC_CST flush cache block command operates on a physically
addressed block contained within the data cache. When there is a need to restrict the
flushing to a specific memory area or to maintain architectural compliance, it is
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recommended to use the PowerPC cache control instructions; when there is aneed to flush
the entire data cache and there is no concern for architectural compliance, using the
DC_CST flush cache block command is more efficient.

7.4 PowerPC Cache Control Instructions

The PowerPC architecture defines instructions for controlling both the instruction and data
caches. The cache control instructions, icbi, dcbt, dcbtst, dcbz, dcbst, dcbf, and dcbi, are
intended for the management of the local caches. In the following descriptions, the
memory/cache  access  atributes refer to the  write-through/write-back,
caching-inhibited/caching-allowed, guarded/not guarded status of the addressed page.

Note that the MPC855T does not broadcast cache control instructions nor does it snoop
such broadcasts.

A TLB miss exception is generated if the effective address of one of these instructions
cannot be translated and data address relocation is enabled. A TLB error exception is
generated if these instructions encounter a TLB protection violation.

7.4.1 Instruction Cache Block Invalidate (icbi)

The effective address is computed, translated, and checked for protection violations as
defined in the PowerPC architecture. This instruction is treated as a store with respect to
address tranglation and memory protection. If the address hits an unlocked block in the
instruction cache, the cache block is placed in theinvalid state. If the address missesin the
instruction cache or if the block islocked, no actionistaken. Thefunction of thisinstruction
Isindependent of the memory/cache access attributes.

This command is not privileged and has no associated error cases. The instruction cache
performs the icbi instruction in one clock cycle. To accurately calculate the latency of this
instruction, bus latency should be taken into consideration.

7.4.2 Data Cache Block Touch (dcbt) and
Data Cache Block Touch for Store (dcbtst)

The Data Cache Block Touch (dcbt) and Data Cache Block Touch for Store (dcbtst)
instructions provide potential system performance improvement through the use of
software-initiated prefetch hints. The MPC855T treats these instructions identically (that
IS, adchbtst instruction behaves exactly the same as a dcbt instruction on the MPC855T).

The MPC855T loads the data into the cache when the effective address hitsinthe TLB, is
permitted load access from the addressed page, and is directed at a caching-allowed page.
Otherwise, the MPCB855T treats these instructions as no-ops. The data brought into the
cache as aresult of thisinstruction is validated in the same manner that aload instruction
would be (that is, it is marked as unmodified-valid). Note that the successful execution of
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the dcbt (or dcbtst) instruction affects the state of the TLB and cache LRU bhits.

7.4.3 Data Cache Block Zero (dcbhz)

The effective address is computed, translated, and checked for protection violations as
defined in the PowerPC architecture. The dcbz instruction is treated as a store to the
addressed byte with respect to address translation and protection.

If the block containing the byte addressed by the EA is in the data cache, al bytes are
cleared, and the tag is marked as modified-valid. If the block containing the byte addressed
by the EA isnot in the data cache and the corresponding pageis caching-allowed, the block
is established in the data cache without fetching the block from main memory, and all bytes
of the block are cleared, and the tag is marked as modified-valid.

The dcbz instruction executes regardless of whether the cache block is locked, but if the
cache is disabled, an alignment exception is generated. If the page containing the byte
addressed by the EA is caching-inhibited or write-through, then the system alignment
exception handler isinvoked.

7.4.4 Data Cache Block Store (dcbst)

The effective address is computed, translated, and checked for protection violations as
defined in the PowerPC architecture. This instruction is treated as a load with respect to
address tranglation and memory protection.

If the address hits in the cache and the cache block is in the unmodified-valid state, no
action istaken. If the address hits in the cache and the cache block isin the modified-valid
state, the modified block is written back to memory and the cache block is placed in the
unmodified-valid state.

If abus error occurs while executing the dcbst instruction, DC_CST[CCER1] isset and a
machine check exception is generated. The data of the cache block flagged by the bus error
is retrieved from the copyback buffer, not from the data cache. See Section 7.3.2.1,
“Reading Data Cache Tags and Copyback Buffer,” for more information.

The function of thisinstruction is independent of the memory/cache access attributes. The
dcbst instruction executes regardless of whether the cache is disabled or the cache block is
locked.

7.4.5 Data Cache Block Flush (dcbf)

The effective address is computed, translated, and checked for protection violations as
defined in the PowerPC architecture. This instruction is treated as a load with respect to
address tranglation and memory protection.

If the address hits in the cache, and the block is in the modified-valid state, the modified
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block is written back to memory and the cache block is placed in the invalid state. If the
address hits in the cache, and the cache block is in the unmodified-valid state, the cache
block is placed in the invalid state. If the address missesin the cache, no action is taken.

If abus error occurs while executing the dcbf instruction, DC_CST[CCER1] is set and a
machine check exception is generated. The data of the cache block flagged by the bus error
is retrieved from the copyback buffer, not from the data cache. See Section 7.3.2.1,
“Reading Data Cache Tags and Copyback Buffer,” for more information.

The function of thisinstruction is independent of the memory/cache access attributes. The
dcbf instruction executes regardless of whether the cache is disabled or the cache block is
locked.

7.4.6 Data Cache Block Invalidate (dcbi)

The effective address is computed, translated, and checked for protection violations as
defined in the PowerPC architecture. This instruction is treated as a store with respect to
address translation and memory protection.

If the address hits in the cache, the cache block is placed in the invalid state, regardless of
whether the datais modified. If the address missesin the cache, no action istaken. Because
this instruction may effectively destroy modified data, it is privileged (that is, dcbi is
available only to programs at the supervisor privilege level, MSR[PR] = 0).

The function of thisinstruction is independent of the memory/cache access attributes. The
dcbi instruction executes regardless of whether the cache is disabled or the cache block is
locked.

7.5 Instruction Cache Operations

When the instruction MMU is enabled (MSR[IR] = 1), the instruction cache operates as
defined by the memory/cache access attributes. When the instruction MMU is disabled
(MSR[IR] = 0), theinstruction cache operates as defined by the default instruction memory
access attributes. The default state of the caching-inhibited/caching-allowed attribute is
determined by MI_CTR[CIDEF], and the entire memory space defaults to the guarded
attribute. See Chapter 8, “Memory Management Unit,” for more information.

An instruction cache access begins with an instruction fetch request from the instruction
sequencer in the PowerPC core. As shown in Figure 7-1., bits 21-27 of the instruction
address provide theindex to select a set (0—127) within theinstruction cache array. Thetags
from each way of the set are compared against bits 0—20 of the instruction address. If a
match isfound and the matched entry isvalid, then it isacache hit. If no tag matches or the
matched tag isnot valid, it is a cache miss.

MPC855T User’s Manual



Instruction Cache Operations
The data path for the instruction cache and its surrounding logic are shown in Figure 7-9.

Address [21-27]
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Set Instruction Cache
Decoder Array

Address [28-29]
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Sequencer 32

< A >

Internal Data Bus

Figure 7-9. Instruction Cache Data Path

The 4-word burst buffer holds the last cache block received from the internal bus (the last
miss); the 4-word block buffer holds the last block retrieved from the instruction cache (the
last hit). Note that if one of these buffers contains the requested instruction, it is aso
considered a cache hit. To minimize power consumption, the MPC855T can detect that one
of the buffers contains the requested instruction and service the instruction request from the
buffers without activating the instruction cache array.

The MPCB855T instruction cache includes the following operational features:

» Instruction fetch latency is reduced by sending the requested instruction address to
theinstruction cache and internal bus simultaneously. A cache hit abortsthe internal
bus transaction before the MPC855T can initiate an external fetch.

» Theinstruction cache supports stream hits (allows fetching from the burst buffer or
directly from the internal data bus, before the instruction cache array isfilled)
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* Theinstruction cache supports hits under misses (allows servicing hitswhile a
previous missis being fetched from the external bus)

» A fetch request from the instruction sequencer has priority over burst buffer writes
to the cache array (the burst buffer holds the last missed cache block), thus
increasing the overall performance

» Efficiently usesthe pipeblock of theinterna data bus by initiating anew burst cycle
(if missis detected) while bringing the tail of the previous missed block

» Performance for caching-inhibited regionsis enhanced by fetching afull 4-word
block into the burst buffer. Instructionsin the burst buffer are only used once before
being refetched

7.5.1 Instruction Cache Hit

In the case of a cache hit, the cache block is transferred to the cache block buffer and
forwarded to the stream hit multiplexer and word select multiplexer. As shown in
Figure 7-2, bits 28-29 of the instruction address are used to select one word of the cache
block which istransferred to the instruction sequencer in the core.

7.5.2 Instruction Cache Miss

On an instruction cache miss, the address of the missed instruction is driven on the internal
bus with a 4-word burst transfer read request. The transfer begins with the word requested
by the instruction sequencer (critical-word first), followed by the remaining words (if any)
of the cache block, then by any remaining words at the beginning of the block
(wrap-around).

On a cache miss, the critical word is simultaneously written to the burst buffer and
forwarded to the instruction sequencer, thus minimizing stalls due to cache fill latency. As
subsequent words are received from the internal bus, they are also written into the burst
buffer and delivered to the instruction sequencer either directly from the internal bus or
from the burst buffer (a stream hit). A cache block in the array is then selected to receive
the cache block being gathered in the burst buffer. The selection algorithm gives first
priority to invalid blocks. If al blocks in the set are marked invalid, the block in way O is
selected. If none of the blocks in the selected set are invalid, then the least recently used
block is selected for replacement. Locked cache blocks are never replaced.

The instruction cache is not blocked to internal accesses while the fetch (caused by acache
miss) completes. Thisfunctionality is sometimesreferred to as * hits under misses, because
the cache can service a hit while a cache missfill is waiting to complete. If no bus errors
are encountered during the 4-word cache block fetch, the burst buffer is marked valid and
written to the cache array, provided the cache array is not busy servicing a hit.

If a bus error is encountered while fetching the requested instruction (the critical word),
then a machine check exception is generated. If a bus error occurs while fetching
subseguent words in the cache block, then the burst buffer is marked invalid and the cache
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block is not written to the cache array.

7.5.3 Instruction Fetching on a Predicted Path

The core implements branch prediction to allow branchesto issue as early as possible. This
mechanism allows instruction prefetching to continue while an unresolved branch is being
computed and the condition is being evaluated. Instructions fetched after unresolved
branches are said to be fetched on a predicted path. These instructions may be discarded
later if it turns out that the machine has followed the wrong path. To minimize power
consumption, the MPC855T instruction cache does not initiate a miss sequence in most
cases when the instruction is inside a predicted path. The MPC855T instruction cache
evaluates fetch requests to see if they are inside a predicted path. If a hit is detected, the
requested instruction is delivered to the core. However, if it is a cache miss, the miss
sequence is not initiated in most cases until the core finishes the branch evaluation.

7.5.4 Fetching Instructions from Caching-Inhibited Regions

The caching-inhibited/caching-allowed attributes of a memory region are programmed in
the memory management unit (MMU). To improve performance when fetching instructions
from caching-inhibited regions, the MPC855T loads the burst buffer with a full 4-word
block. Instructions that are stored in the burst buffer and originate from a cache-inhibited
region, can be sent to the instruction sequencer, at most, once before being refetched.

If an instruction fetch from a caching-inhibited region resultsin a cache hit, the instruction
is delivered to the instruction sequencer in the core from the cache and not from memory.
However, it is considered a programming error if an instruction fetch from a
caching-inhibited region resultsin a cache hit. Software must ensure that instructions from
a caching-inhibited region have not been previously loaded into the cache, or, if so, those
blocks have been flushed from the cache. See Section 7.5.5, “Updating Code and Memory
Region Attributes,” for more information.

It is also considered a programming error to perform load & lock cache block operations
from zero wait state devices that are located on the internal bus. The MPC855T considers
these devices as caching-inhibited memory regions. If aload & lock cache block operation
Is performed from such a device, the instruction is not guaranteed to be fetched from the
instruction cache; in most cases, the instruction is fetched from the device, regardless of
whether it isin the instruction cache.

7.5.5 Updating Code and Memory Region Attributes

The instruction cache does not perform snooping, so if a processor modifies a memory
location that may be contained in the instruction cache, software must ensure that such
memory updates are visible to the instruction fetching mechanism. Also, whenever the
memory/cache attributes of any memory region are changed, it is critical that the cache
contents reflect the new attributes. Therefore, when updating code or changing memory
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region attributes (in the MMU) the user must perform the following steps:

1. Update code/change memory region attributes

Execute a sync instruction to ensure the update/change operation finished
Unlock all locked cache blocks containing code that was updated
Invalidate all cache blocks containing code that was updated

Execute an isync instruction

a bk wbd

7.6 Data Cache Operation

When the dataMMU is enabled (MSR[DR] = 1), the data cache operates as defined by the
memory/cache access attributes. When the dataMMU is disabled (MSR[DR] = 0), the data
cache operates as defined by the default data memory access attributes. The default state of
the write-through/write-back attribute is determined by MD_CTR[WTDEF]; the
caching-inhibited/caching-allowed attribute is determined by MD_CTR[CIDEF]; and the
entire memory space defaults to the guarded attribute. See Chapter 8, “Memory
Management Unit,” for more information.

A data cache access begins with aload or store request from the load/store unit (LSU) in
the core. The data cache has a 32-hit data path to and from the |oad/store unit, allowing for
a4-byte transfer per cycle. Asshown in Figure 7-2., bits 21-27 of the data address provide
theindex to select a set (0—127) within the data cache array. The tags from both ways of the
set are compared against bits 0-20 of the data address. If amatch isfound and the matched
entry isvalid, then it isacache hit. If neither tag matches or the matched tag is not valid, it
is acache miss.

The data cache operatesin both write-through and write-back modes as programmed by the
memory/cache access attributes. These modes affect store hit and store miss behavior of the
data cache. Load hits and load misses behave the same regardless of the
write-through/write-back mode. If two logical blocks map to the same physical block, itis
considered a programming error for them to specify different cache write policies.

Each data cache block contains two state bits that implement a three-state
(modified-valid/unmodified-valid/invalid) protocol. The MPC855T does not support
snooping of the data cache. All memory is considered to have memory coherency not
required attributes. Therefore, software must maintain data cache coherency. The
MPCB855T does not provide support for snooping external bus activity. All coherency
between theinternal caches and external agents (memory or 1/O devices) must be controlled
by software. In addition, thereis no mechanism provided for DMA or other internal masters
to access the data cache directly.

The MPC855T data cache includes the following operational features:
» Single-cycle cache access on hit and one clock latency added for miss
» The data cache supports hits under load misses
* 1-word store buffer
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o Store misses bypass the data cache (no-allocate store miss) in write-through mode

» 4-word copyback buffer holds replaced modified cache blocks until they can be
written to memory

» Cache operation is blocked until the cache block iswritten to the cache array for
store misses in write-back mode,

» The data cache supports the sync instruction through a cache pipe clean indication
to the core.

7.6.1 Data Cache Load Hit

In the case of a data cache load hit, the requested word is transferred to the load/store unit.
The LRU state of the set is updated, but the state bits remain unchanged.The access time
for adata cache load hit is one clock cycle (that is, zero wait states).

7.6.2 Data Cache Read Miss

In the case of a data cache load miss, a block in the cache array is selected to receive the
data from memory. The selection algorithm gives first priority to invalid blocks. If both
blocks in the set are marked invalid, the block in way 0 is selected. If neither of the two
blocks in the selected set are invalid, then the least recently used block is selected for
replacement. If the replacement block is marked modified-valid, then it is temporarily
stored in a copyback buffer to be written to memory later. Locked cache blocks are never
replaced.

After a cache block has been selected, the word-aligned physical address of the requested
datais sent to the SIU with a 4-word burst transfer read request. The SIU arbitrates for the
bus and initiates the burst read. The transfer begins with the aligned word containing the
requested data (critical word first), followed by the remaining words of the cache block (if
any), then by any remaining words at the beginning of the block (wrap-around).

The critical word is ssmultaneously written to the burst buffer and forwarded to the
load/store unit, thus minimizing stalls due to cache fill latency. The data cache is not
blocked to internal accesses while the load (caused by a cache miss) completes. This
functionality is sometimes referred to as ‘ hits under misses,” because the cache can service
ahit while a cache missfill iswaiting to complete. If no bus errors are encountered during
the 4-word cache block load, the burst buffer is written to the cache array (provided the
cache array is not busy servicing a hit) and the cache block is marked unmodified-valid.

If a bus error is encountered while loading the requested data (the critical word), then a
machine check exceptionisgenerated. If abuserror occurs whileloading subsequent words
in the cache block, then the cache block is marked invalid.

After the cache block with the requested data has been loaded from memory, the
modified-valid cache block in the copyback buffer is sent to the SIU to be written to
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memory. If a bus error is encountered during the copyback, a machine check exception is
generated (the copyback error is an imprecise exception). The address and data in the
copyback buffer can be read as specified in Section 7.3.2.1, “ Reading Data Cache Tags and
Copyback Buffer.”

7.6.3 Write-Through Mode

In write-through mode, store operations aways update memory. The write-through mode
Isused when external memory and internal cache images must always agree. Write-through
mode provides alower worst case exception latency at the expense of average performance
(for example, if it does not have to perform flush accesses).

7.6.3.1 Data Cache Store Hit in Write-Through Mode

In the case of adata cache store hit in write-through mode, the data is written into both the
cache block and to memory. The LRU state of the set is updated, but the state bits remain
unchanged. If a bus error is encountered during the write operation to memory, the cache
block is still updated, but a machine check exception is generated.

7.6.3.2 Data Cache Store Miss in Write-Through Mode

In the case of a store miss in write-through mode, the data is only written to memory, not
to the data cache. Thisis sometimesreferred to asa no-allocate’ store miss because the data
cache does not allocate a cache block in the cache array for the missed store operation. The
state and LRU hits remain unchanged. If a bus error is encountered during the write
operation to memory, a machine check exception is generated.

7.6.4 Write-Back Mode

In write-back mode, store operations do not necessarily update external memory. Datais
only copied to external memory when a copyback operation is required (or the cache is
deliberately flushed). For this reason the write-back mode is the preferred mode of
operation when it is necessary to minimize externa bus utilization and as a side effect,
reduce operational power consumption.

7.6.4.1 Data Cache Store Hit in Write-Back Mode

In the case of adata cache store hit in write-back mode, the cache operation depends on the
state bits of the cache block. If the store hit is to a modified-valid cache block, then datais
stored in the cache block and the block stays marked modified-valid. If the store hit isto a
unmodified-valid cacheblock, then datais stored in the cache block and the block is marked
modified-valid. In either case, the LRU state of the set is updated to reflect the hit.

7.6.4.2 Data Cache Store Miss in Write-Back Mode

In the case of adata cache store missin write-back mode, the data cache must establish the
block in the cache array before modifying that block. Therefore, ablock in the cache array
Is selected to receive the data from memory and from the load/store unit. The selection
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algorithm givesfirst priority to invalid blocks. If both blocks in the set are marked invalid,
the block in way 0 is selected. If neither of the two blocks in the selected set are invalid,
then the least recently used block is selected for replacement. If the replacement block is
marked modified-valid, then it istemporarily stored in the copyback buffer to be written to
memory later. Locked cache blocks are never replaced.

After a cache block has been selected, the word-aligned physical address of the store data
Is sent to the SIU with a 4-word burst transfer read request. The SIU arbitrates for the bus
and initiates a burst read. The transfer begins with the aligned word containing the
requested data (critical word first), followed by the remaining words of the cache block (if
any), then by any remaining words at the beginning of the block (wrap-around). As the
critical word isreceived from the internal bus, it is merged in the burst buffer with the store
data from the load/store unit. If no bus errors are encountered during the burst buffer fill
operation, the cache block is written into the cache array and marked modified-valid. The
data cache does not support further requests until the entire block is written to the cache
array. If the machine has stalled waiting for the store to complete, execution is allowed to
resume when the cache block is written into the cache array.

If abus error is encountered while loading the target data cache block, even on aword not
accessed by the load/store unit, then the cache block is not modified, and a machine check
exception is generated.

After the cache block with the requested data has been loaded from memory, the cache
block in the copyback buffer is sent to the SIU to be written to memory. The data cache can
support further requests, aslong as they hit in the cache, while performing the copyback to
memory. If a bus error is encountered during the copyback, a machine check exception is
generated (the copyback error is an imprecise exception). The address and data in the
copyback buffer can be read as specified in Section 7.3.2.1, “ Reading Data Cache Tags and
Copyback Buffer.”

7.6.5 Data Accesses to Caching-Inhibited Memory Regions

For load missesto caching-inhibited memory regions, the datais read from memory but not
placed in the cache and the cache status is not affected.

For store misses to caching-inhibited memory regions, the data is written to memory but
not placed in the cache and the cache status is not affected.

It is considered a programming error if aload, store, or dcbz targeting a caching-inhibited
memory region results in a cache hit. The PowerPC architecture allows the result of such
programming errors to be boundedly undefined. Software must ensure that data from a
caching-inhibited regions have not been previously loaded into the data cache, or, if they
have, that those blocks have been flushed from the cache. Whenever the memory/cache
attributes of any memory region are changed (for example, from caching-allowed to
caching-inhibited), it is critical that the cache contentsreflect the new attributes. Therefore,
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when changing memory region attributes (in the MMU) the user must perform the
procedures described in Section 7.5.5, “Updating Code and Memory Region Attributes.”.

7.6.6 Atomic Memory References

The PowerPC architecture defines the Load Word and Reserve Indexed (Ilwarx) and the
Store Word Conditional Indexed (stwcx.) instructions to provide an atomic update function
for asingle, aligned word of memory. These instructions can be used to develop arich set
of multiprocessor synchronization primitives. For detailed information on these
instructions, refer to Section 5.2.4.6, “Memory Synchronization Instructions—UISA,” in
this book and Chapter 8, “Instruction Set,” in The Programming Environments Manual.

The lwarx instruction performs a load word from memory operation and creates a
reservation for the 16-byte section of memory that contains the accessed word. The
reservation granularity is 16 bytes. The lwar x instruction makes a nonspecific reservation
with respect to the executing processor and a specific reservation with respect to other
masters. This meansthat any subsequent stwcx. executed by the same processor, regardless
of address, will cancel the reservation. Also, any bus write operation from another
processor to an address that matches the reservation address will cancel the reservation.

The stwcx. instruction does not check the reservation for a matching address. The stwcx.
instruction is only required to determine whether a reservation exists. The stwcx.
instruction performs a store word operation only if the reservation exists. If the reservation
has been cancelled for any reason, then the stwcx. instruction fails and clears the CRO[EQ)]
bit in the condition register. The architectural intent is to follow the Iwarx/stwcx.
instruction pair with a conditional branch which checks to see whether the stwcx.
instruction failed.

Note that atomic memory references constructed using lwar x/stwcx. instructions depend
on the presence of a coherent memory system for correct operation. These instructions
should not be expected to provide atomic access to noncoherent memory. Since the
MPC855T does not snoop external bus activity, provision is made to cancel a reservation
inside the MPC855T by using the CR and KR input signals. The state of the reservation is
always presented onto the RSV output signal. This can be used by external agents to
determine when an internal condition has caused a change in the reservation state. See
Section 13.4.9, “Memory Reservation,” for more information. Internal to the MPC855T,
the data cache has snoop logic to monitor the internal bus for communication processor
module (CPM) accesses of the address associated with the last lwar x instruction.

If amemory region is marked caching-allowed, the MPC855T assumesthat it isthe single
master in the system to that region. If a caching-allowed lwarx or stwcx. access missesin
the data cache, the transaction on the internal and external buses do not have a reservation.
If the memory region is marked caching-inhibited or the cache is locked, and the access
misses, then the lwarx instruction appears on the bus as a single-beat load with the
reservation.
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lwarx and stwcx. accesses to write-through memory regions do not generate DS
exceptions. The MPC855T’s data cache treats all stwcx. operations as write-through
independent of the memory/cache access attributes. When the write-through operation
compl etes successfully on the external bus, then the data cache entry is updated (assuming
it hits), and CRO[EQ)] is modified to reflect the success of the operation. If the reservation
IS not intact, the stwcx. cancels the external bus transaction, and the cache block is not
altered.

7.7 Cache Initialization after Reset

At power-on and hard reset, both caches are disabled. Although disabled, the cache stateis
preserved to enable the user to investigate the exact state of the cache prior to the event that
caused the reset. To ensure proper operation after reset, initialize the instruction cache by
performing the following:

1. Writethe unlock all command (IC_CST[CMD] = 0b101) to the IC_CST register

2. Writetheinvalidate all command (IC_CST[CMD] = 0b110) to the IC_CST register

3. Write the cache enable command (IC_CST[CMD] = 0b001) to the IC_CST register

Similarly, to ensure proper operation after reset, initialize the data cache by performing the
following:

1. Writetheunlock al command (DC_CST[CMD] = 0b1010) tothe DC_CST register

2. Writetheinvalidate all command (DC_CST[CMD] = 0b1100) to the DC_CST
register

3. Write the cache enable command (DC_CST[CMD] = 0b0010) to the DC_CST
register

After the caches are initialized, all the cache blocks are invalidated, and the LRU bits point
to way 0 of each set.

7.8 Debug Support

The MPCB855T can be debugged either in debug mode or by a software monitor debugger.
In both cases the core of the MPC855T asserts the internal freeze signal. See Chapter 44,
“System Development and Debugging,” for a detailed description of the MPC855T debug
support.

7.8.1 Instruction and Data Cache Operation in Debug Mode

The development system interface of the MPC855T uses the development port, whichisa
dedicated seria port. The development port isarelatively inexpensive interface that allows
a development system to operate in a lower frequency than the core's frequency and
controls system activity when the core is in debug mode. See Section 44.3, “ Devel opment
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System Interface,” for more information.

When the MPC855T is in debug mode, al instructions are fetched from the devel opment
port, regardless of the address generated by the MPC855T core. Therefore, the instruction
cache is bypassed when the MPC855T is in debug mode. In addition, the data cache is
frozen in debug mode. Loads and stores in debug mode always target system memory,
regardless of whether the accessed dataisresident in the data cache. The only way to access
the contents of the instruction or data cache in debug mode is by using the IC_DAT or
DC _DAT registers.

7.8.2 Instruction and Data Cache Operation with a Software
Monitor Debugger

With debug mode disabled, a software monitor debugger can use the development support
registers to assert the internal freeze signal during run-time. See Section 44.4, “ Software
Monitor Debugger Support,” for more information.

When the internal freeze signal is asserted during run-time, the instruction cache treats all
misses as if they were from cache-inhibited regions. Misses are loaded only into the burst
buffer; hits are loaded from the cache array and the LRU bits are updated. If the debug
routineisnot in theinstruction cache, it isloaded from memory like any other miss and the
cache state remains the same as before the freeze signal was asserted.

For performance reasons, it may be preferable to run the debug routine from the cache. To
load the debug routine into the instruction cache before entering debug mode, perform the
following procedure:

1. Save both ways of the sets that are needed for the debug routine by reading the tag,
the LRU, valid, and lock hit states

2. Unlock the locked ways in the selected sets

3. Usetheload & lock cache block command to load the debug routine into the
instruction cache and lock the cache blocks containing the debug routine.

4. Run the debug routine, all accessesto it will result in hits.

To restore the state of the instruction cache after the debug routine is finished, perform the
following procedure:

Unlock any waysin any sets that are used by the debug routine

Invalidate any ways in any sets that are used by the debug routine

Use theload & lock cache block command to restore the old sets in the cache array
Unlock any ways of the original sets that were not previously locked

To restore the old state of the LRU bits make sure that the last access (load & lock
cache block or unlock cache block command) is performed on the most-recently
used way (not the LRU way).

a bk wbdpE
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When the internal freeze signal is asserted during run-time, the data cache treats al load
misses as if they were from cache-inhibited regions. That is, the data is loaded from
memory and the cache LRU and state bits are unchanged. Load hits are serviced from the
cache array but the cache LRU and state bits are unchanged.

When the internal freeze signal is asserted, store hits and misses are treated as
write-through accesses, but the LRU bits in the data cache array are not updated. For the
dcbz instruction, data is written both into data cache and memory, but the LRU bitsin the
data cache array are not updated. For the dcbst/dcbf/dcbi instructions, the data cache and
memory are updated according to the PowerPC architecture, but the LRU bits in the data
cache array are not updated.
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Chapter 8
Memory Management Unit

The MPC855T implements a virtual memory management scheme that provides cache
control, memory access protections, and effective-to-physical (real) address trandlation.
The MMU largely complies with the PowerPC operating environment architecture (OEA)
with respect to architecturally defined memory management features that are appropriate
for this implementation. It does not support some PowerPC MMU features more
appropriate for a personal computer that is expected to run many applications
simultaneously, and in some cases provides greater flexibility than is defined by the
PowerPC architecture, especially with respect to page sizes. Available protection
granularity is 4-, 16-, 512-Kbyte, or 8-Mbyte pages or 1-Kbyte subpages (for 4-Kbyte
pages only). The MPC855T has separate instruction and data MMUSs. The prefix Mx_
indicates a reference to both the instruction and data (MI_ and MD_) versions of the
register. The MMU supports two protection modes—default mode with extended encoding
and domain manager mode, which provides programmable overrides to page protection
settings.

8.1 Features
Thefollowing isalist of the MMU’s important features:

* Multiple page sizes—4-, 16-, 512-Kbyte, or 8-Mbyte pages (optional 1-Kbyte
subpage protection granularity for 4-Kbyte pages) with the following page
attributes:

— Changed bit support through the DTLB error exception on awrite attempt to a
unmodified page (data MMU only)

— Write-through attribute for data accesses
— Cache-inhibit attribute for data and instruction accesses

— Default write-through and cache-inhibited attributes can be programmed for
when translation is disabled

— Guarded attribute for memory-mapped I/O and other nonspecul ative regions
* Instruction and data address trandlation can be disabled separately

» MPCB855T-specific specia-purpose registers (SPRs) accessible with the PowerPC
mfspr/mtspr instructions
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Supports up to 16 virtual address spaces
Supports 16 access protection groups (group protection overrides page protection)

Separate -entry, fully-associative data translation lookaside buffer (DTLB) and
instruction TLB (ITLB) with the following features:

— Implementation-specific exceptions—ITLB and DTLB miss exceptions, ITLB
and DTLB error exceptions

— Supports PowerPC tibieand tlbia instructions. Thetlbsyncinstruction, whichis
optional to PowerPC architecture implementations, is not supported and is
treated as a no-op

— Software tablewalk updates supported by DTLB and ITLB miss exceptions and
SPRs

— Each entry can be programmed to match user or supervisor accesses or both

— entriesin each TLB can optionally be locked to ensure fast trandation for
selected regions

High performance

— 1 clock (zero wait state) access for a data cache hit and for an instruction cache
hit when the access is from the same page as the previous access

— 1 clock penalty for other TLB hit instruction accesses
L ow power consumption

8.2 PowerPC Architecture Compliance

The MPC855T core complies largely with the MMU asit is defined by the OEA, with the
following differences:

The MPCB855T does not implement the following PowerPC features:
— Block-address trandlation

— The optional direct-store functionality

— The memory coherency attribute

The MPC855T supports the following additional features not defined by the
PowerPC architecture:

— Variable page sizes. The OEA defines 4-Kbyte pages only

— Programmabl e defaultsfor write-through and cache-inhibited memory attributes
when trandlation is disabled.

— Additional registers and exceptions for handling table walks in software.

Note that although the MPC855T does not define segment registers as they are defined by
the OEA, the concept of segment is retained as the memory space accessible to the
level-one table descriptors.
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8.3 Address Translation

The core generates 32-bit effective addresses (EA) for memory accesses. Setting MSR[IR]
and MSR[DR] enables the effective-to-real trandation for instruction fetching and data
accesses, respectively. Section 8.3.1, “Trandation Disabled,” describes behavior when
trandation is disabled. Section 8.3.2, “Trandation Enabled,” describes behavior when
tranglation is enabled.

8.3.1 Translation Disabled

Because the IMMU and DMMU are separate, translation can be disabled or enabled
independently for data and instruction accesses by clearing MSR[DR] and MSRJIR],
respectively. When trand ation is disabled, the effective addressis al so the physical address.

Because the page translation mechanism is not used, the protection attributes that are part
of the page table structure cannot be used, so defaults are used. The default for whether
accesses are cache-inhibited are programmed through Mx_CTR[CIDEF]. Data accesses
can be either write-through (memory writes go both to the cache and to externa memory)
or write back (memory writes directly affect the cache only and memory is updated
indirectly, such aswhen amodified datain the cacheis cast-out by newer data at a different
address that maps to the same cache block). The default is configured by
MD_CTR[WTDERH].

Also, when trandation is disabled (real mode), the entire memory space is treated as
guarded by default. The implications of this are:

1. Speculative load/store accesses are stalled until they are no longer speculative.

2. Speculative instruction fetches outside of the current real-mode page are stalled
until they are no longer speculative. The size of real-mode page is determined by
MI_CTR[PPM]. If MI_CTR[PPM] = 0, the real-mode page sizeis 4 Kbytes; if
MI_CTR[PPM] = 1, the real-mode page size is 1 Kbyte.

This behavior can result in significant performance degradation.

8.3.2 Translation Enabled

Trangdlations are generated on a per-page basis and are stored in tables in memory. Along
with the trandlation, each table entry holds attributes for that page, for example, whether a
location is cacheable.

Recently used trandations are kept in translation lookaside buffers (TLBs) in hardware. In
the MPCB855T, software handles the table lookup and TLB reload with little hardware
assistance. This offers a flexible trandlation table structure choice, because many systems
would not benefit from afull-featured hardware translation mechanism.
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A TLB hit in multiple entries is avoided when a TLB is being reloaded. When TLB logic
detectsthat a new effective page number (EPN) overlaps onein the TLB (when taking into
account pages sizes, subpage validity flags, user/supervisor state, address pace ID (ASID),
and the SH values of the TL B entries), the new EPN iswritten and the old oneisinvalidated.

The MMU supports a multiple virtual address space model. Each tranglation is associated
withan ASID, which must equal the address space ID (CASID) for atrandation to be valid.

Figure 8-1 shows the flow for aread access or instruction fetch.

( Data/Instruction Fetch )

32-bit EA is generated

Same page
(Fast TLB Hit)
?

Compare address
with TLB (1 clock penalty)
Entries

Use current page description)

TLB error exception

:
|

Access permitted No
by page protection
?

TLB reload (read page
description from external
memory to TLB)

(20-23 clock penalty
@ one wait-state

external memory)@se page description from TL@

Yes

Figure 8-1. Read/Instruction Fetch Flow Diagram

Figure 8-2 showsthe flow for aload/store access, assuming translation is enabled. Because
data transfers have less locality than instruction fetches, the DMMU does not implement a
fast TLB mechanism. The DTLB isaccessed for each transfer smultaneously with the data
cache tag read, hence there is no time penalty.
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( Data/Instruction Fetch )

y 32-bit EA is generated

Compare address
with TLB (O clock penalty)
entries
Is page
> valid
?
Yes
TLB reload (read page
description from external
memory to TLB)

(20-23 clock penalty
@ one wait-state
external memory)

TLB error exception

No

by page protection

Use page description from TL@

Figure 8-2. Flow of Load/Store Access

8.3.3 TLB Operation

Each TL B contains pointersto pagesin physical memory where dataisindexed by the EPN.
TLBs entries can have different page sizes. The entry page size determines which EA bits
are compared and how many of its |sbs pass untranslated as physical address bits.

For a4-Kbyte page, four subpage validity flags are supported, allowing any combination of
1-Kbyte subpages to be mapped. For any other page size, al of these flags should have the
same value. Programming non-4-Kbyte pages with different valid bits is a programming
error. Subpage validity flags can be manipul ated to implement 14 Kbyte pages or any other
combination of 1-Kbyte subpages. However, all subpages of an effective page frame must
map to the same physical page. During tranglation, the EA, the privilege level (MSR[PR]),
and CASID are provided to the TLB, as shown in Figure 8-3. In the TLB, the EA and
CASID are compared with each entry’s EPN and ASID. The CASID is compared only
when the matching entry is programmed as unshared. See Table 8-12 and Table 8-13.
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MSR[PR] M_CASID[CASID] 32-Bit EA

20-Bit
32-Bit Logical
Page ‘ Byte Address
20-Bit 12-Bit .
\ |/ \ Implementation-
» Specific TLB
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32-Entry Fully Associative TLB to Core
Free Access
20-Bit v Protection _
Group Number Implementation-
|Physica| Page Number‘ Byte | Specific
| ‘ No Access Error Exceptions
to Core
Y
_ / . . AR
Translation AN Translation Protection AN
Enabled - Enabled Lookup Table -
¢ Exception

32-Bit Physical Address Logic

Figure 8-3. Effective-to-Physical Address Translation for 4-Kbyte Pages Block
Diagram

A TLB hit occurs if the incoming EA matches the EPN and M_CASID[CASID] matches
the ASID field inavalid TLB entry, and if the subpage validity flag is set for the subpage
that theincoming EA pointsto. If ahit isdetected, the contents of the physical page number
are concatenated with the appropriate number of Isbs from the EA to form the physical
address sent to the cache and memory system.

8.4 Using Access Protection Groups

Access control is assigned on a page-by-page basis; additional control is provided on a
protection group basis. Each TLB entry holds an access protection group (APG) number.
When a match is detected, the value of the matched entry’s APG is used to index afield in
the access protection register (MI_AP or MD_AP) that defines access control for the
trandation. Each Mx_AP contains 16 fields. Thefield content is used according to the group
protection mode.

To be consistent with the PowerPC OEA, the APG val ue should match the four msbs of the
effective page number. To override protection using APG, use it on blocks of addresses
which are defined by the 4 msbs of the effective page number. If APG isnot to be used for
a particular block, set the GP for that block to ‘client’ in the Mx_AP register. To ignore it
globally, set al of the Mx_APfieldsto O1. In default mode, each field holds the Kp and Ks
bits for the corresponding segment defined by the level-one table descriptor. In domain
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manager mode, each field holds override information over the page protection setting—no
override, no access override, and free access override.

8.5 Protection Resolution Modes

The MMUs can be programmed in three different modes that have different methods of
defining the protection resolution of the address space. These are as follows:

Mode 1—Protection resolution to 4-K byte minimum page size. Thisisthe simplest
mode with the most efficient memory size (that is, MMU tables are smaller). Use
this mode if 1-Kbyte protection resolution is not required.

In this mode, program the following:

— MD_CTR[TWAM] =1
— Mx_CTR[PPM] =0

— Bits20-27 of the level-two descriptor take on the meaning described in the right
side of Table 8-4.

M ode 2—Protection resolution to 1-Kbyte minimum subpage size, where all
4-Kbyte logical address pages map to the same 4-Kbyte physical page, but the four
1-Kbyte subpages may have different protection attributes.

In this mode, program the following:

— MD_CTR[TWAM]=1

— Mx_CTR[PPM]=1

For 4-K byte pages, program the four PP pairs (bits 20-27) to the subpage protection
attributes for the 1-Kbyte subpages.

For pages larger than 4 Kbytes, the four PP pairs (bits 20—27) must al be
programmed to the same protection attributes, which are applied to the full page.

Thismode isjust as efficient in memory size as mode 1, but has the memory
protection resolution of mode 3.

Mode 3—Protection resolution to 1-Kbyte minimum subpage size, with no
restriction on subpage mapping. In this mode, program:

— MD_CTR[TWAM] =0

— Mx_CTR[PPM] =0

— Mx_CTR[PPCS] =0

For pages larger than 4-Kbyte, program subpage validity flags (bits 24-27) of the
level-two descriptor (and thus Mx_RPN) to Ob1111.
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For 4-Kbyte pages, there are four separate entries with different encodings of
subpage validity flags (bits 24—-27) of the level-two descriptor (and thus Mx_RPN)
allowable for each entry.

For 4-Kbyte pages, the subpage validity flags (bits 24-27) of the level-two
descriptor (and thus Mx_RPN) can be different for each of the four separate entries.

In this mode, the MMU page tables defined for the software tablewalk resolve to a
single level-two descriptor entry for a 1-Kbyte page. Thisis done by alowing
manipulation of the subpage validity flags of a 4-Kbyte page. For example:

— To define a 4-Kbyte page with uniform protection, create four level-two
descriptorsfor the 4-Kbyte page, each with subpage validity flags set to Ob1111.
All other fields of the level-two descriptors must also be the same for each of
these entries.

— To define four different 1-Kbyte pages, create four level-two descriptors, but set
the subpage validity flags such that: entry one = 0b1000, entry two = 0b0100,
entry three = 0b0010, entry four = 0bO001. All other fields of the level-two
descriptor can be set differently for each of these entries.

— To define two different 2-Kbyte pages, create four level-two descriptors, but set
the subpage validity flagsin pairs such that: entry one = 0b1100, entry two =
0b1100, entry three = 0b0011, entry four = Ob0011. The other fields of the
‘paired’ level-two descriptors must be the same for each of the pairs.

Other combinations are also possible.

Thismode is the most complex and the most inefficient in memory size (that is,
MMU tables are approximately four times larger). However, it allows the most
detailed resolution of protection with full functionality.

IMMUs and DMMUSs can use different modes; the IMMU could use mode 1 and the
DMMU could use mode 2, or vice versa. However, if mode 3 is desired, both MM Us must
be in mode 3.

8.6 Memory Attributes
Memory attributes defined by the PowerPC architecture are implemented as follows:

* Reference and change bit updates—The MPC855T does not generate an exception
for an R (reference) bit update. In fact, thereisno entry for an R bit inthe TLB.

The change bit (C) ishit 23 in the level-two descriptor, described in Table 8-4.
Software updates C (changed) bits, but hardware treats the C bit (negated) as a
write-protect attribute. Therefore, attempting to write to a page marked unmodified
invalidates that entry and causes an implementation-specific DTLB error exception.
If change bits are not needed, set the C bit to one by default in the PTEs.
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* Memory control attributes—The MPCB855T supports cache inhibit (ClI),
writethrough (WT), and guarded (G) attributes, defined in the PowerPC Virtual
Environment Architecture (VEA). The memory coherence (M) attribute is not
supported; to ensure memory coherency, configure the page as cache-inhibited.
Chapter 7, “Instruction and Data Caches,” describes the effects of Cl and WT
attributes in the MPCB855T.

The G attribute is used to map 1/0 devices that are sensitive to speculative

(out-of -order) accesses. An attempted speculative access to a page marked guarded
(G =1) stalls until either the access is nonspeculative or is canceled by the core.
Attempting to fetch from guarded memory causes an implementation-specific
instruction TLB error interrupt.

8.7 Translation Table Structure

The MMU hardware supports atwo-level software tablewalk. Other table structures are not
precluded. Figure 8-4 shows the two-level trandation table when MD_CTR[TWAM] =1
(4-Kbyte resolution of protection).
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Effective Address

0 19 0 910 1920 31
Level-1 Table Pointer (M_TWB) Level-1 Index Level-2 Index Page Offset
20-Bit 10-Bit
A Y
Level-1 Table Base Level-1 Index |00
ZO_BHQ Level-1 Table %
Level-1 D iptor O
eve escrfp o 12 for 4 Kbyte
Level-1 Descriptor 1 14 for 16 Kbyte
P 10-Bit 19 for 512 Kbyt
Level-1 Descriptor N B 23 for 8 Mbyte
20-Bit
Level-1 Descriptor 1023
Y v
Level-2 Table Base Level-2 Index |00

20-Bit

20 for 4 Kbyte
18 for 16 Kbyte
13 for 512 Kbyte
9 for 8 Mbyte

]

Level-2 Table

Level-2 Descriptor 0

Level-2 Descriptor 1

P

10-Bit

A

Level-2 Descriptor N

Level-2 Descriptor 1023

'

Y

Physical Page Address

Page Offset

Physical Address
Figure 8-4. Two-Level Translation Table (MD_CTR[TWAM] = 1)
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When MD_CTR[TWAM] = 1, the tablewalk begins at the level-one base address in
M_TWB. EA[0-9] indicates the level-one page descriptor. As shown in Table 8-1, an
8-Mbyte page requirestwo identical entriesin the level-one table, onefor bit 9 = 0 and one
for bit9=1.

Table 8-1. Identical Entries Required in Level-One/Level-Two Tables

Identical Entries Required in Level-One Table Identical Entries Required in Level-Two Table
Page Size
MD_CTR[TWAM] =0 MD_CTR[TWAM] = 1 MD_CTR[TWAM] =0 MD_CTR[TWAM] =1
1 Kbyte 1 — 1 —
4 Kbyte 1 1 4 1
16 Kbyte 1 1 16 4
512 Kbyte 1 1 1 1
8 Mbyte 8 2 1 1

The page size and the level-two base address are read from the level-one descriptor. If the
page size is 512 Khytes or 8Mbytes, the level-two base address is used directly as the
address of the level-two descriptor. If the page size is less than 512 Kbytes, the address of
the level-two descriptor is determined by indexing the level-two base address by
EA[10-19]. For 16 Kbyte pages, this requires that multiple identical level-two descriptors
be provided. Thisis summarized in Table 8-1.

Figure 8-5 shows the two-level trandation table when MD_CTR[TWAM] = 0 (1 Kbyte
resolution of protection).
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Effective Address

0 17 0 1112 2122 31
Level-1 Table Pointer (M_TWB) Level-1 Index Level-2 Index Page Offset
18-Bit 12-Bit
A \
Level-1 Table Base Level-1 Index |00
18-BitQ Level-1 Table %
Level-1 Descriptor O 12 for 1 Kbyte
Level-1 Descriptor 1 12 for 4 Kbyte
10-Bit 14 for 16 Kbyte
< 19 for 512 Kbyt
Level-1 Descriptor N 23 for 8 Mbyte
20-Bit
Level-1 Descriptor 4095
Y v
Level-2 Table Base Level-2 Index |00
20-Bil Level-2 Table %
Level-2 Descriptor 0
Level-2 Descriptor 1
20 for 1 Kbyte Level-2 Descriptor N B
20 for 4 Kbyte
18 for 16 Kbyte
13 for 512 Kbyte Level-2 Descriptor 1023
9 for 8 Mbyte
Y v
Physical Page Address Page Offset

Physical Address
Figure 8-5. Two-Level Translation Table (MD_CTR[TWAM] = 0)

During address trandation, the msbs of the missed effective address are replaced by the
physical page address bits from the level-two page descriptor; the page size determinesthe
number of replaced bits as shown in Table 8-2. The remaining physical address bits come
directly from the effective address. When MD_CTR[TWAM] = 0, the tablewalk begins at
the level-one base address placed in M_TWB. The level-one table isindexed by EA[0-11]
to get the level-one page descriptor. As shown in Table 8-1, 8-Mbyte pages must have eight
identical entriesin the level-one table for EA[9-11].
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Table 8-2. Number of Replaced EA Bits per Page Size

Page Size Number of Replaced EA Bits
1 Kbyte 20

4 Kbyte 20

16 Kbyte 18

512 Kbyte 13

8 Mbyte 9

The page size and the level-two base address are read from the level-one descriptor. If the
page size is 512 Kbytes or 8Mbytes, the level-two base address is used directly as the
address of the level-two descriptor. If the page sizeis less than 512 Kbytes, the address of
the level-two descriptor is determined by indexing the level-two base address by
EA[12-21]. For 4Kbyte or 16 Kbyte pages, this requires that multiple identical level-two
descriptors be provided. Thisis summarized in Table 8-1.

The number of replaced bits depends on the page size, as shown in Table 8-2. The
remaining physical address bits are taken directly from the effective address.

8.7.1 Level-One Descriptor

Table 8-3 describes the level-one descriptor format supported by the hardware to minimize
the software tablewalk routine.

Table 8-3. Level-One Segment Descriptor Format

Bits | Name Description

0-19 |L2BA |Level-2 table base address. Bits 18—19 should be 0b00 unless MD_CTR[TWAM] = 1.

20-22 | — Reserved

23-26 |APG | Access protection group

27 G Guarded memory attribute for entry
0 Nonguarded memory
1 Guarded memory

28-29 |PS Page size level one. Used with the level-two (L2) descriptor's small-page-size (SPS) field; see
Section 8.7.3, “Page Size.”

00 Small (4 Kbyte or 16 Kbyte)

01 512 Kbyte

10 Reserved

11 8 Mbyte

30 WT Writethrough attribute for entry
0 Copyback cache policy region (default)
1 Writethrough cache policy region

31 \% Level-one segment valid bit
0 Segment is not valid
1 Segment is valid
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8.7.2 Level-Two Descriptor
Table 8-4 describes the level-two descriptor format supported by hardware. (Section 8.5,

“Protection Resolution Modes,” describes the protection modes.)

Table 8-4. Level-Two (Page) Descriptor Format

Bits | Name Mode 2 Mode 1 or Mode 3
0-19 |RPN |Physical (real) page number
20-21 |PP Protection | For Instruction Pages For Instruction Pages For Data Pages
for 1st Supervisor User Supervisor User Supervisor User
subpage 00 No access No access |Extended encoding: Extended encoding:
01 Executable No access |00 No access No access 00 No access No access
1x Executable Executable | 01 Executable No access 01 R/O No access
1x Reserved 1x Reserved
For Data Pages Basic encoding: Basic encoding:
Supervisor User 00 Executable No access 00 R/W No access
00 No access No access |01 Executable Executable 01 R/W R/O
01 R/W No access |1x Executable Executable 10 R/W R/W
10 R/IW R/O 11 R/O R/O
11 R/IW R/W - - - -
22 PPl |2nd 0 Bits 20-21 contain Basic encoding
subpage 1 Bits 20-21 contain extended encoding
23 C—Change bit for entry. Set to 1 by default if change tracking
functionality is not desired.
0 Unchanged region (write-protected)
1 Changed region, write allowed
24-25 3rd MD_CTR[PPCS] = 0. MD_CTR[PPCS] = 1 (mode 1
subpage For 1-Kbyte pages in only)
mode 3, program to the 1000 Hit (supervisor accesses
26-27 4th appropriate subpage only)
subpage validity. For mode 1, 0100 Hit (user accesses only)
program to Ob1111. 1100 Hit for both
28 SPS | Small page size. Used with the level-one (L1) descriptor’s page-size (PS) field; see Section 8.7.3, “Page
Size”
0 4 Kbyte
1 16 Kbyte or larger (512 Kbyte or 8 Mbyte)
29 SH Shared page
0 Entry matches only if a TLB entry’s ASID field matches the value in M_CASID.
1 ASID comparison is disabled for the entry.
30 Cl Cache-inhibit attribute for the entry.
0 Caching is allowed.
1 Caching is inhibited.
31 \% Page valid bit

1 For pages larger than 4 Kbytes in mode 2, PP in bits [22—23,24—25,26—27] must equal the PP in bits [20—-21].
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8.7.3 Page Size

The page size is determined by a combination of two fields: the page-size (PS) field in the
level-one descriptor and the small-page-size (SPS) field in the level-two descriptor.
Table 8-5 shows how the two fields select the page size.

Table 8-5. Page Size Selection

Level 1 [PS] Level 2 [SPS] Page Size
00 0 4 Kbyte
00 1 16 Kbyte
01 0 reserved
01 1 512 Kbyte
10 X reserved
11 0
11 1 8 Mbyte

8.8 Programming Model

All MMU programming model registers are supervisor-level SPRs that are accessed by
using mtspr and mfspr. Attempting to access these SPRs in user mode causes a program
exception. Thetlbie and tlbia instructions can be used to invalidate TLBs. MMU registers
should be accessed when both MSR[IR] = 0and MSR[DR] = 0. No similar restriction exists
for tibie and tIbia.

Table 8-6 lists the MPC855T-specific MMU registers and indicates the sections that
describe them. These SPRs should be accessed when both instruction and data address
trandation is disabled.

Table 8-6. MPC855T-Specific MMU SPRs

Register Name SPR | Section

Control Registers

MI_CTR IMMU control register 784 8.8.1

MD_CTR DMMU control register 792 8.8.2

TLB Source Registers

MI_EPN IMMU effective number register 787 8.8.3
MD_EPN DMMU effective number register 795

MI_TWC IMMU tablewalk control register 789 8.84
MD_TWC | DMMU tablewalk control register 797 8.8.5
MI_RPN IMMU real (physical) page number port 790 8.8.6
MD_RPN DMMU real (physical) page number register 798 8.8.7
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Table 8-6. MPC855T-Specific MMU SPRs (continued)

Register Name SPR | Section
Tablewalk Assist Registers
M_TWB MMU tablewalk base register 796 8.8.8
Protection Registers

M_CASID | CASID register 793 8.8.9

MI_AP IMMU access protection register 786 8.8.10

MD_AP DMMU access protection register 794

Scratch Register
M_TW MMU tablewalk special register 799 8.8.11
Debug Registers

MI_CAM IMMU CAM entry read register 816 8.8.12.1

MI_RAMO [IMMU RAM entry read register 0 817 8.8.12.2

MI_RAM1 |[IMMU RAM entry read register 1 818 8.8.12.3

MD_CAM DMMU CAM entry read register 824 8.8.12.4

MD_RAMO |DMMU RAM entry read register 0 825 8.8.12.5

MD_RAM1 |DMMU RAM entry read register 1 826 8.8.13

8.8.1 IMMU Control Register (MI_CTR)
The IMMU control register (MI_CTR), shown in Figure 8-6, controls IMMU operation.
Bit 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15
Field |GPM|PPM | CIDEF | — RSV4l — | PPCS —
Reset 0
R/W R/W
Bit 16 17 18 19 20 21 22 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31

Field — ITLB_INDX —
Reset 0
R/W R/W
SPR 784

Figure 8-6. IMMU Control Register (MI_CTR)
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Table 8-7 describesMI_CTR fields.

Table 8-7. MI_CTR Field Descriptions

Bits Name Description
0 GPM Group protection mode
0 Default mode
1 Domain manager mode
1 PPM Page protection mode. Valid regardless of whether translation is enabled. If translation is
enabled, PPM determines how Mx_RPN is interpreted. See Table 8-12 and Table 8-13.
0 Page resolution of protection
1 1-Kbyte resolution of protection for 4-Kbyte pages
2 CIDEF Default value for instruction cache-inhibit attribute when the IMMU is disabled (MSR[IR] = 0)
0 Caching is allowed.
1 Caching is inhibited.
3 — Reserved. Ignored on write. Returns 0 on read.
4 RSV4| Reserve four ITLB entries. See Section 8.10.2, “Locking TLB Entries.”
0 ITLB_INDX decremented modulo 32
1 ITLB_INDX decremented modulo 28
5 — Reserved. Ignored on write. Returns 0 on read.
6 PPCS Privilege/user state compare mode
0 Ignore user/supervisor state during address compare
1 Account for user/supervisor state according to MI_RPN[24-27]
7-18 |— Reserved. Ignored on write. Returns 0 on read.
19-23 |ITLB_INDX [ITLB index. Points to the ITLB entry to be loaded. Decremented every ITLB update
24-31 |— Reserved. Ignored on write. Returns 0 on read.

8.8.2 DMMU Control Register (MD_CTR)
The DMMU control register (MD_CTR), shown in Figure 8-7, controls DMMU operation.

Bit 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15
Field | GPM | PPM | CIDEF | WTDEF| RSVD | TWAM | PPCS —

Reset 0000_0O 1 0 0_0000_0000

R/W R/W

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

Reset 0x0000

R/W R/W

SPR 792

Figure 8-7. DMMU Control Register (MD_CTR)
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Table 8-8 describesMD_CTR fields.
Table 8-8. MD_CTR Field Descriptions

Bits Name Description

0 GPM Group protection mode
0 Default mode
1 Domain manager mode

1 PPM Page protection mode
0 Page resolution of protection
1 1-Kbyte resolution of protection for 4-Kbyte pages

2 CIDEF ClI default when the DMMU is disabled (MSR[DR] = 0)
0 Caching is allowed.
1 Caching is inhibited.

3 WTDEF WT default when the DMMU is disabled (MSR[DR] = 0)

4 RSV4D four Reserve two DTLB entries. See Section 8.10.2, “Locking TLB Entries.”
0 DTLB_INDX decremented modulo 32
1 DTLB_INDX decremented modulo 28

5 TWAM Tablewalk assist mode
0 1-Kbyte subpage hardware assist
1 4-Kbyte page hardware assist (default)

6 PPCS Privilege/user state compare mode
0 Ignore user/supervisor state during address compare
1 Account for user/supervisor state according to MD_RPN[24-27]

7-18 — Reserved. Ignored on write. Returns 0 on read

19-23 |[DTLB_INDX | DTLB index. Points to DTLB entry to be loaded. Decremented every DTLB update.

24-31 |— Reserved. Ignored on write. Returns 0 on read

8.8.3 IMMU/DMMU Effective Page Number Register
(Mx_EPN)

The effective page number registers (MI_EPN and MD_EPN), shown in Figure 8-8,
contain the EA to be loaded into a TLB entry.

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

Reset 0000_0000_0000_0000

R/IW R/W

Bit 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
Field EPN — EV — ASID
Reset — 0 0 0 0

R/IW R/IW R R/W R R/W

SPR 787 (MI_EPN); 795 (MD_EPN)

Figure 8-8. IMMU/DMMU Effective Page Number Register (Mx_EPN)
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Table 8-9 describes Mx_EPN fields.

Table 8-9. Mx_EPN Field Descriptions

Programming Model

Bits | Name Description

0-19 EPN | Effective page number for TLB entry. Default value is the EA of the last ITLB/DTLB miss

20-21 |— Reserved. Ignored on write. Undefined on read

22 EV TLB entry valid bit.
0 TLB entry is invalid
1 TLB entry is valid. EV is set to 1 on each ITLB/DTLB miss.

23-27 |— Reserved. Ignored on write. Returns 0 on read

28-31 |ASID |Address space ID of the ITLB/DTLB entry to be compared with M_CASID[CASID]. Loaded with
M_CASID on a TLB miss.

8.8.4 IMMU Tablewalk Control Register (Ml_TWC)

TheIMMU tablewalk control register (MI_TWC), shown in Figure 8-9, containsthe access

protection group and page size of the entry to be loaded into the TLB.

Bit

0 1 2 3

4

5

6

7

8

9

10

11

12

13

14

15

Field

Reset

0000_0000_0000_0000

R/W

R/W

Bit

16 17 18 19

20

21

22

23

24 25

26

27

28

29

30

31

Field

APG

PS

Reset

R/W

R/W

R/W

R/W

R/W

R/W

R/W

SPR

789

Table 8-10 describes MI_TWC fields.

Figure 8-9. IMMU Tablewalk Control Register (MI_TWC)

Table 8-10. MI_TWC Field Descriptions

Bits Name Description
0-22 — Reserved. Ignored on write. Returns 0 on read.
23-26 |APG Access protection group. Up to 16 protection groups supported. Default for ITLB miss is 0
27 G Guarded memory attribute for entry
0 Nonguarded memory (default for ITLB miss)
1 Guarded memory
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Table 8-10. MI_TWC Field Descriptions (continued)

Bits Name Description

28-29 |PS Page size level-one
00 Small (4 or 16 Kbyte. See MI_RPN[SPS]) Default for ITLB miss
01 512 Kbyte
10 Reserved
11 8 Mbyte

30 — Reserved. Ignored on write. Returns 0 on read.

31 \% Entry valid bit
0 Entry is not valid
1 Entry is valid. Default value on ITLB miss.

8.8.5 DMMU Tablewalk Control Register (MD_TWC)

The DMMU tablewalk control register (MD_TWC), shown in Figure 8-10, contains the
level-two pointer and access protection group of an entry to be loaded into the TLB.

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

Field L2TB

Reset _

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

Field L2TB — APG G PS WT | V

Reset —
RIW RIW
SPR 797

Figure 8-10. DMMU Tablewalk Control Register (MD_TWC)

Table 8-11 describes MD_TWC fields.
Table 8-11. MD_TWC Field Descriptions

Name Description

Bits
Write Read Write Read

0-19 L2TB |L2TB Tablewalk level-two table base value
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Table 8-11. MD_TWC Field Descriptions (continued) (continued)

Name Description
Bits
Write | Read Write Read
20-22 |— L2INDX |Ignore Level-two table index. Returns
. ) MD_EPN[10-19] when

23-26 |APG Access protection group. Up to 16 prqtectlon groups are MD_CTR[TWAM] = 1
supported. Set to 0000 on a DTLB miss.

27 G Guarded memory attribute of the entry: Returns MD_EPN[12-21] when
0 Nonguarded memory. Cleared on DTLB miss. MD_CTR[TWAM] =0
1 Guarded memory

28-29 |PS Level-one page size. (Cleared on a DTLB miss.)
00 Small (4 Kbyte or 16 Kbyte. See MD_RPN)
01 512 Khyte
10 Reserved
11 8 Mbyte

30 WT — Writethrough attribute for page entry: Returns 0 on read.
0 Copyback data cache policy. Cleared on DTLB miss.
1 Writethrough data cache policy

31 \% — 0 Entry is not valid Returns 0 on read.
1 Entry is valid. (set on a DTLB miss)

8.8.6 IMMU Real Page Number Register (MI_RPN)

The IMMU rea page number register (MI_RPN), shown in Figure 8-11, contains the
physical address and the memory attributes of an entry to be loaded intoaTLB. MI_RPN
should be written after MI_EPN and MI_TWC are written.

Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field RPN
Reset —
R/W R/W
Bit 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field RPN PP SPS| SH Cl \Y
Reset —
R/W R/W
SPR 790

Figure 8-11. IMMU Real Page Number Register (MI_RPN)
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Table 8-12 describes MI_RPN fields. (Section 8.5, “Protection Resolution Modes,”
describes the protection modes.)

Table 8-12. MI_RPN Field Descriptions

Bits Name Mode 2 Mode 1 or Mode 3
0-19 RPN |Real (physical) page number
20-21 |PP Protection attributes for Extended Encoding: Basic Encoding:
subpages 1-4. Supervisor User Supervisor User
Supervisor User 00 No access No access 00 Executable No access
00 Noaccess Noaccess |01 Executable No access 01 Executable Executable
01 Executable No access |1x Reserved Reserved 1x Executable Executable
1x Executable Executable - - - -
22 pp1l 0 Bits 20-21 contain Basic encoding
1 Bits 20-21 contain extended encoding
23 Reserved
24-25 MD_CTR[PPCS] =0 MD_CTR[PPCS] =1
For 1 Kbyte pages in mode 3, set to | 1000 Hit only for supervisor
26-27 the appropriate subpage validity. accesses
Otherwise, set to Ob1111. 0100 Hit only for user accesses
1100 Hit for both
28 SPS | Small page size. Used with the level-one (L1) descriptor’s page-size (PS) field; see Section 8.7.3, “Page
Size”
0 4 Kbyte
1 16 Kbyte or larger (512 Kbyte or 8 Mbyte)
29 SH Shared page:
0 This entry matches only if ASID field in the TLB entry matches the value M_CASID.
1 ASID comparison is disabled for the entry.
30 Cl Cache-inhibit attribute for the entry.
0 Caching is allowed.
1 Caching is inhibited.
31 \Y Entry valid indication.

1 For pages larger than 4 Kbytes in mode 2, PP in bits [22—23,24—25,26—27] must equal the PP in bits [20-21].

8.8.7 DMMU Real Page Number Register (MD_RPN)

The DMMU real page number register (MD_RPN), shown in Figure 8-12, contains the
physical address and the memory attributes of an entry to be loaded into a TLB. This
register should be written after the MD_EPN and MD_TW(C registers.
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Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field RPN
Reset —
R/W R/W
Bit 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
Field RPN PP SPS | SH Cl \%
Reset —
R/W R/W
SPR 798

Figure 8-12. DMMU Real Page Number Register (MD_RPN)

Table 8-13 describes MD_RPN fields. (Section 8.5, “Protection Resolution Modes,”
describes the protection modes.)

Table 8-13. MD_RPN Field Descriptions

Bits Name Mode 2 Mode 1 or Mode 3
0-19 RPN | Real (physical) page number
20-21 |PP Protection attributes for Extended Encoding: Basic Encoding:
subpages 1-4. Supervisor User Supervisor User
Supervisor User 00 No access No access 00 R/W No access
00 Noaccess Noaccess |01 R/O No access |01 R/W R/O
01 R/W No access 1x Reserved 10 R/W R/W
10 R/W R/O 11 R/O R/O
11 R/W R/W - - - -
22 ppl 0 Bits 20-21 contain Basic encoding
1 Bits 20-21 contain extended encoding
23 Change bit for DTLB entry. Set to 1 by default if change tracking
functionality is not desired.
0 Unchanged region. Write access causes an IMMU exception.
Software should take an appropriate action before setting this bit.
1 Changed region. Write access is allowed to this page.
24-25 MD_CTR[PPCS] =0 MD_CTR[PPCS] =1
For 1 Kbyte pages in mode 3, set | 1000 Hit only for supervisor
26-27 to the appropriate subpage accesses
validity. Otherwise, setto Ob1111. | 0100 Hit only for user accesses
1100 Hit for both
28 SPS Small page size. Used with the level-one (L1) descriptor's page-size (PS) field; see Section 8.7.3,
“Page Size.”
0 4 Kbyte
1 16 Kbyte or larger (512 Kbyte or 8 Mbyte)
29 SH Shared page

0 This entry matches only if the ASID field in the DTLB entry matches the M_CASID value.
1 ASID comparison is disabled for the entry.
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Table 8-13. MD_RPN Field Descriptions (continued)

Bits Name Mode 2 Mode 1 or Mode 3

30 Cl Cache-inhibit attribute for the entry.
0 Caching is allowed.
1 Caching is inhibited.

31 \% Entry valid indication.

1 For pages larger than 4 Kbytes in mode 2, PP in hits [22-23,24-25,26-27] must equal the PP in bits [20-21].

8.8.8 MMU Tablewalk Base Register (M_TWB)

The MMU tablewalk base register (M_TWB), shown in Figure 8-13, contains a pointer to
the level-one table to be used in hardware-assisted tablewalk mode.

Bit (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
Field L1TB L1TB L1INDX —
Reset — 00
R/W R/W
SPR 796

Figure 8-13. MMU Tablewalk Base Register (M_TWB)

Table 8-14 describesM_TWB fields.
Table 8-14. M_TWB Field Descriptions

Bits Name Description

0-19 L1TB Tablewalk level-one base value

20-29 |L1INDX |Level-one table index. Ignored on write. Returns MD_EPN[0-9] on read when MD_CTR[TWAM] =
1. Returns MD_EPN[2-11] on read when MD_CTR[TWAM] =0

30-31 |— Reserved. Ignored on write. Returns 0 on read.

8.8.9 MMU Current Address Space ID Register (M_CASID)

The MMU current address space ID register (M_CASID), shownin Figure 8-14, isused to
compare the current EA with the ASID field in the TLB entry when searching for a match.

Bit |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
Field — CASID
Reset —

R/W R/W
SPR 793

Figure 8-14. MMU Current Address Space ID Register (M_CASID)
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Table 8-15 describes M_CASID fields.
Table 8-15. M_CASID Field Descriptions

Bits Name Description

0-27 — Reserved. Ignored on write. Returns 0 on read

28-31 |CASID |Current address space ID. Compared with ASID field of a TLB entry to qualify a match

8.8.10 MMU Access Protection Registers (MI_AP/MD_AP)

The IMMU access protection register (MI_AP, SPR 786) contains the settings for the
access protection groups for the IMMU. The DMMU access protection register (MD_APR,
SPR 794) isidentical. Both registers are shown in Figure 8-15.

Bit |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

Field | GPO | GP1 | GP2 | GP3 |GP4 | GP5 | GP6 | GP7 | GP8 | GP9 |GP10|GP11|GP12|GP13|GP14|GP15

Reset —
R/W R/W
SPR 786 (MI_AP); 794 (MD_AP)

Figure 8-15. MMU Access Protection Registers (MI_AP/MD_AP)

MI_AP/MD_AP fields are described in Table 8-16.
Table 8-16. MI_AP/MD_AP Field Descriptions

Bits | Name | Domain Manager Mode (Mx_CTR[GPM] = 1) Default Mode (Mx_CTR[GPM] = 0)
0-1 GPx |GP GP = Ks/Kp as defined by PowerPC architecture
00 No access 00 All accesses are treated as supervisor
2-3 01 Client—access permission defined by page |01 Access permission defined by page protection
protection bits bits
10 Reserved 10 User and supervisor interpretation is swapped
30-31 11 Manager—free access 11 All accesses are treated as user

8.8.11 MMU Tablewalk Special Register (M_TW)

The MMU tablewalk special register (M_TW), shown in Figure 8-16, is a scratch register
used by tablewalk exception handlers.

Bit |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

Reset —
R/W R/IW
SPR 799

Figure 8-16. MMU Tablewalk Special Register (M_TW)
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8.8.12 MMU Debug Registers

The MMU CAM and RAM entries can be read through MX_CAM, MX_RAMO, and
MX_RAM1. Attempting to writeto MX_CAM using an mtspr instruction loads the CAM
and RAM values of the entry indexed by DTLB_INDX to MX_CAM, MX_RAMO, and
MX_RAML1. Any register can bethe sourcefor mtspr sinceitsvalueisnot used. Thevalues
of MX_CAM, MX_RAMO, and MX_RAM1 can beread using mfspr; mtspr[MX_RAMO]
and mtspr[MX_RAM1] are considered no-ops.

8.8.12.1 IMMU CAM Entry Read Register (MI_CAM)

Figure 8-17 shows the MMU instruction CAM entry read register (MI_CAM). When the
content-addressable memory of the MI_CAM register is read, it contains the effective
address and page sizes of an entry indexed by MI_CTR[ITLB_INDX]. MI_CAM is
updated only by writing to it.

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

Field EPN

Reset —

R/W R

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

Field EPN PS ASID SH SPV

Reset —

R/W R/W

SPR 816
Figure 8-17. IMMU CAM Entry Read Register (MI_CAM)

Table 8-17 describesthe M1_CAM fields.
Table 8-17. MI_CAM Field Descriptions

Bits Name Function

0-19 EPN | Effective page number

20-22 PS Page size. (Values not shown are reserved)
000 4 Kbyte

001 16 Kbyte

011 512 Kbyte

111 8 Mbyte

23-26 ASID |Address space ID of the DTLB entry to be compared with M_CASID[CASID]

27 SH Shared page
0 This entry matches only if the ASID field in the DTLB entry matches the value in M_CASID.
1 ASID comparison is disabled for the entry
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Table 8-17. MI_CAM Field Descriptions (continued)

Bits Name Function
28 SPV | Subpage validity (subpage 0)
0 Subpage 0 (Address[20—21] = 00) is not valid
1 Subpage 0 (Address[20-21] = 00) is valid
29 0 Subpage 1 (Address[20-21] = 01) is not valid
1 Subpage 1 (Address[20-21] = 01) is valid
30 0 Subpage 2 (Address[20-21] = 10) is not valid
1 Subpage 2 (Address[20-21] = 10) is valid
31 0 Subpage 3 (Address[20-21] = 11) is not valid
1

Subpage 3 (Address[20-21] = 11) is valid

8.8.12.2 IMMU RAM Entry Read Register 0 (MI_RAMO)

The IMMU RAM entry read register 0 (MI_RAMO), shown in Figure 8-18, contains the
physical page number and page attributes of an entry indexed by MI_CTR[ITLB_INDX].
Thisregister is updated only when MI_CAM is updated.

Bit

0

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

Field

RPN

Reset

R/W

Bit

16

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

Field

RPN PS_B Cl APG SFP

Reset

R/W

R

SPR

817

Figure 8-18. IMMU RAM Entry Read Register 0 (MI_RAMO)

Table 8-18 describes MI_RAMO fields.

Table 8-18. MI_RAMO Field Descriptions

Bits | Name Description
0-19 RPN |Real (physical) page number
20-22 |PS_B [Page size. (Values not shown are reserved)
000 4 Kbyte
001 16 Kbyte
011 512 Kbyte
111 8 Mbyte
23 Cl Cache-inhibit attribute for the entry.
0 Caching is allowed.
1 Caching is inhibited.
24-27 |APG |Access protection group. Up to 16 protection groups supported (uses one’s complement format)
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Table 8-18. MI_RAMO Field Descriptions (continued)

Bits | Name Description

28 SFP Supervisor (supervisor) fetch permission
0 Subpage 0 (Address[20—21] = 00) Supervisor fetch is not permitted
1 Subpage 0 (Address[20—21] = 00) Supervisor fetch is permitted

29 0 Subpage 1 (Address[20-21] = 01) Supervisor fetch is not permitted
1 Subpage 1 (Address[20—21] = 01) Supervisor fetch is permitted

30 0 Subpage 2 (Address[20-21] = 10) Supervisor fetch is not permitted
1 Subpage 2 (Address[20-21] = 10) Supervisor fetch is permitted

31 0 Subpage 3 (Address[20—-21] = 11) Supervisor fetch is not permitted
1 Subpage 3 (Address[20-21] = 11) Supervisor fetch is permitted

8.8.12.3 IMMU RAM Entry Read Register 1 (MI_RAM1)

The IMMU RAM entry read register 1 (MI_RAM1), shown in Figure 8-19, contains the
protection mode information of the entry indexed by MI_CTR[ITLB_INDX]. Thisregister
is updated only when M1_CAM iswritten to.

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

Field —

Reset

R/W R

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

Field — UFP PV G
Reset 0 — — —
R/W R

SPR 818

Figure 8-19. IMMU RAM Entry Read Register 1 (MI_RAM1)

Table 8-19 describes MI_RAM1 fields.
Table 8-19. MI_RAM1 Field Descriptions

Bits Name Description

0-25 — Reserved
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Table 8-19. MI_RAM1 Field Descriptions (continued)

Bits Name Description

26 UFP User fetch permission
Subpage 0 (Address[20—-21] = 00) User fetch is not permitted
Subpage 0 (Address[20-21] = 00) User fetch is permitted

27 Subpage 1 (Address[20-21] = 01) User fetch is not permitted

Subpage 1 (Address[20-21] = 01) User fetch is permitted

28 Subpage 2 (Address[20-21] = 10) User fetch is not permitted

Subpage 2 (Address[20—-21] = 10) User fetch is permitted

o PO| RP,PO|FrL,O

29 Subpage 3 (Address[20-21] = 11) User fetch is not permitted

1 Subpage 3 (Address[20-21] = 11) User fetch is permitted

30 PV Page validity
0 Page is not valid
1 Page is valid

31 G Guarded memory attribute for entry
0 Nonguarded memory
1 Guarded memory

8.8.12.4 DMMU CAM Entry Read Register (MD_CAM)

When the DMMU CAM entry read register (MD_CAM), shown in Figure 8-20, isread, it
contains the effective address and page sizes of an entry indexed by
MD_CTR[DTLB_INDX]. Thisregister is updated when a value is written to it.

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

Field EPN

Reset —

RIW R(/W)

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

Field EPN SPVF PS SH ASID

Reset —

RIW R(/W)

SPR 824

Figure 8-20. DMMU CAM Entry Read Register (MD_CAM)

Table 8-20 describesMD_CAM fields.
Table 8-20. MD_CAM Field Descriptions

Bits | Name Description

0-19 |EPN | Effective page number
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Table 8-20. MD_CAM Field Descriptions (continued)

Bits | Name Description

20 SPVF | Subpage validity flags

0 Subpage 0 (address[20-21] = 00) is not valid
1 Subpage 0 (address[20—-21] = 00) is valid

21 0 Subpage 1 (address[20-21] = 01) is not valid
1 Subpage 1 (address[20-21] = 01) is valid

22 0 Subpage 2 (address[20-21] = 10) is not valid
1 Subpage 2 (address[20-21] = 10) is valid

23 0 Subpage 3 (address[20-21] = 11) is not valid
1 Subpage 3 (address[20-21] = 11) is valid

24-26 |PS Page size. (Values not shown are reserved)

000 4 Kbyte
001 16 Kbyte
011 512 Kbyte
111 8 Mbyte

27 SH Shared page
0 This entry matches only if the ASID field in the DTLB entry matches the value in M_CASID
1 ASID comparison is disabled for the entry

28-31 |ASID |Address space ID of the DTLB entry to be compared with M_CASID[CASID]

8.8.12.5 DMMU RAM Entry Read Register 0 (MD_RAMO)

The DMMU RAM entry read register 0 (MD_RAMO), shown in Figure 8-21, contains the
physical page number and page attributes of an entry indexed by MD_CTR[DTLB_INDX].
Thisregister is updated when any value iswritten to MD_CAM.

Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field RPN
Reset —

R/W R

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

Field RPN PS APGI G WT | CI —
Reset —

R/W R/W

SPR 825

Figure 8-21. DMMU RAM Entry Read Register 0 (MD_RAMO)
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Table 8-21 describes MD_RAMO fields.
Table 8-21. MD_RAMO Field Descriptions

Bits | Name Description

0-19 |RPN |Real (physical) page number

20-22 |PS Page size. (Values not shown are reserved)
000 4 Kbyte

001 16 Kbyte

011 512 Kbyte

111 8 Mbyte

23-26 |APGI | Access protection group inverted. Access protection group number in one’s complement format

27 G Guarded memory attribute for the entry
0 Nonguarded memory
1 Guarded memory

28 WT Writethrough attribute for the entry
0 Copyback data cache policy page entry
1 Writethrough data cache policy page entry

29 Cl Cache-inhibit attribute for the entry.
0 Caching is allowed.
1 Caching is inhibited.

30-31 |— Reserved

8.8.13 DMMU RAM Entry Read Register 1 (MD_RAM1)

The DMMU RAM entry read register 1 (MD_RAM1), shown in Figure 8-22, contains the
protection mode information of the entry indexed by MD_CTR[DTLB_INDX]. This
register is updated only when avalue iswrittento MD_CAM.

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

R/W R

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

Field — C | EVF SA SAT | URPO | UWPO | URP1 | UWP1 | URP2 | UWP2 | URP3 | UWP3
Reset | O — | — — — — — — — — — — —
R/W R

SPR 826

Figure 8-22. DMMU RAM Entry Read Register 1 (MD_RAML1)
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Table 8-22 describes MD_RAM 1 fields.

Table 8-22. MD_RAM1 Field Descriptions

Bits | Name Description

0-16 |— Reserved

17 C Change bit for DTLB entry
0 Unchanged region. Write access to this page results in the implementation-specific IMMU exception

invocation. Software should take an appropriate action before setting this bit to 1.

1 Changed region. Write access is allowed to this page.

18 EVF Entry valid flag
0 Entry is invalid
1 Entry is valid

19 SA Supervisor access
0 Subpage 0 (address[20—21] = 00) Supervisor access is not permitted
1 Subpage 0 (address[20—21] = 00) Supervisor access is permitted

20 0 Subpage 1 (address[20-21] = 01) Supervisor access is not permitted
1 Subpage 1 (address[20-21] = 01) Supervisor access is permitted

21 0 Subpage 2 (address[20-21] = 10) Supervisor access is not permitted
1 Subpage 2 (address[20—21] = 10) Supervisor access is permitted

22 0 Subpage 3 (address[20-21] = 11) Supervisor access is not permitted
1 Subpage 3 (address[20—21] = 11) Supervisor access is permitted

23 SAT Supervisor access type
0 Supervisor access type is read only
1 Supervisor access type is read/write

24 URPO User read permission page zero
0 Subpage 0 (address[20-21] = 00) User read access is not permitted
1 Subpage 0 (address[20—21] = 00) User read access is permitted

25 UWPO | User write permission page zero
0 Subpage 0 (address[20-21] = 00) User write access is not permitted
1 Subpage 0 (address[20—21] = 00) User write access is permitted

26 URP1 0 Subpage 1 (address[20-21] = 01) User read access is hot permitted
1 Subpage 1 (address[20—-21] = 01) User read access is permitted

27 UWP1 |0 Subpage 1 (address[20—21] = 01) User write access is not permitted
1 Subpage 1 (address[20—21] = 01) User write access is permitted

28 URP2 0 Subpage 2 (address[20—21] = 10) User read access is not permitted
1 Subpage 2 (address[20-21] = 10) User read access is permitted

29 UWP2 |0 Subpage 2 (address[20-21] = 10) User write access is not permitted
1 Subpage 2 (address[20—21] = 10) User write access is permitted

30 URP3 0 Subpage 3 (address[20-21] = 11) User read access is not permitted
1 Subpage 3 (address[20—21] = 11) User read access is permitted

31 UWP3 |0 Subpage 3 (address[20—21] = 11) User write access is not permitted
1

Subpage 3 (address[20—-21] = 11) User write access is permitted
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8.9 Memory Management Unit Exceptions
Table 8-23 describes MPC855T-specific MMU exceptions.

Table 8-23. MPC855T-Specific MMU Exceptions

Exception

Cause

ITLB miss

MSR[IR] =1 and an attempt is made to fetch an instruction from a page whose EPN cannot be translated
by the ITLB. Tablewalk software is responsible for loading information for the missed page from the
translation table. See Section 8.10.1.1, “Translation Reload Examples,” and Section 6.1.3.2, “Instruction
TLB Miss Exception (0x01100).”

DTLB miss

MSR[DR] = 1 and an attempt is made to access a page whose EPN cannot be translated by the DTLB.
Tablewalk software is responsible for loading translation information for the missed page from the
translation table. See Section 8.10.1.1, “Translation Reload Examples,” and Section 6.1.3.3, “Data TLB
Miss Exception (0x01200).”

ITLB error

The EA cannot be translated and the level-one segment or page valid bit is zero in the translation table,
the fetch access violates memory protection, or the fetch access is to guarded memory and MSR[IR] = 1.
The exact exception cause is found in SRR1. Table 6-15 describes bit assignments. If needed, it is
software’s responsibility to invoke the ISI exception handler.

DTLB error

MSR[DR] = 1 and the EA of aload, store, icbi, dcbz, dcbst, dcbf, or dcbi cannot be translated and either
the level-one segment or page valid bit are zero in the translation table, the access violates memory
protection, or an attempt is made to write to a page with a negated change bit.

The DSISR explains invocation of the DTLB error exception handler. Table 6-16 describes bit
assignments. If needed, it is software’s responsibility to invoke the DSI exception handler.

8.10 TLB Manipulation

The TLBs can be updated in several ways. The TLB reloading process is primarily
performed in software with some hardware assistance. The TLB replacement counter can
be configured to select only from the first entriesin each TLB. TLBs can be invalidated by
using the tlbie and tlbia instructions.

8.10.1

TLB Reload

The TLB reload (tablewalk) function is performed in the software with some hardware
assistance. It consists of the following actions:

» Automatic storage of the missed data or instruction EA and default attributes in
MI_EPN or MD_EPN. Thisvalue isloaded into the selected entry on awrite to
MI_RPN or MD_RPN.

» Automatic updating of the replacement location counter to point to the entry to be
replaced. Thisvalueis placed in theindex fieldin MI_CTR and MD_CTR.

» AsFigure 8-4 and Figure 8-5 show, the level-one pointer is generated when an
mfspr[M_TWB] is performed by concatenating the level-one table base with the
level-one index.
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* Thelevel-two pointer is generated when an mfspr[MD_TW(C] is performed by
concatenating the level-two table base (extracted from the level -one table) with the
level-two index.

* TheTLB entry iswritten by |oading the tablewalk level-two entry valueto Mx_RPN.

» A scratchregister, M_TW, is provided in addition to the architecture-defined
SPRGO-SPRG3, so miss code need not corrupt existing GPRSs.

8.10.1.1 Translation Reload Examples

The following examples reload a TLB entry using a two-level tree page table structure. In
both examples, M_TWB holds the base pointer to the first-level table and data and
instruction address trand ation are turned off. Figure 8-23 performsaDTLB reload.

dtlb_swtw [mtspr |M_TW, R1 # Save R1
mfspr |R1, M_TWB |# Load R1 with level-1 pointer
lwz R1, (R1) # Load level-1 page entry
mtspr |MD TWC,R1 |# Save level-2 base pointer and level-1 attributes
mfspr |R1, MD TWC |# Load R1 with level-2 pointer while taking page
# size into account
lwz R1, (R1) # Load level-2 page entry
mtspr |MD RPN, Rl |# Write TLB entry
mfspr |R1, M_TW # Restore R1
rfi

Figure 8-23. DTLB Reload Code Example
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itlb_swtw |[mtspr |M_TW, R1 # Save R1

mfspr |R1, SRRO # Load R1 with instruction miss EA (the same data
# may be taken from MI_ EPN)

mtspr |MD EPN, Rl |# Save instruction miss EA in MD EPN

mfspr |R1, M_TWB |# Load R1 with level-1 pointer

lwz R1, (R1) # Load level-1 page entry

mtspr |[MI_TWC,R1 |# Save level-1 attributes

mtspr |MD _TWC,R1 |# Save level-2 base pointer

mfspr |R1, MD TWC |# Load R1 with level-2 pointer while taking page
# size into account

lwz R1, (R1) # Load level-2 page entry

mtspr |MI RPN, R1|# Write TLB entry

mfspr [R1, M _TW # Restore R1

rfi

Figure 8-24. ITLB Reload Code Example

8.10.2 Locking TLB Entries

Four entries in each TLB can be made unavailable to the replacement algorithm; thus by
configuring the TL B replacement counters, the user can lock translation entries into them.

As shown in Figure 8-25, setting MI_CTR[RSV4I] or MD_CTR[RSV4D], configures the
TLB replacement counter to select only from thefirst 28 entriesin each TLB. Those fields
also affect the tlbia instruction as described later. Replacement counters are cleared after a
tibia instruction executes. ITLB_INDX decrements after an ITLB reload; DTLB_INDX
decrements after aDTLB reload.

ITLB
0 /' \\ /’ \\
1 / \ / \
! \
2 | ! |
I ! \
* | ;! \
\ Lo |
. . |
\ / | |
26\ ;o |
7 . [
28 Rsv4l=1 ,
29 \ ,
30 \ /
31 N
RSV4I = 0

DTLB
0 , E N , B BN .
1 // \\ / \
2 \ / |
! \
* | \
| | |
;o \
\ / | |
26 . |
27 . IJ
28 RsvaD=1 ,
29 . ,
30 \ /
31 ' /
N
RSV4D =0

Figure 8-25. Configuring the TLB Replacement Counter
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8.10.3 Loading Locked TLB Entries

The process of loading asingle reserved entry in the TLB is as follows:
1. Disablethe TLB by clearing MSR[IR] or MSR[DR] as needed.
2. Clear MI_CTR[RSV4I] (MD_CTR[RSV4D]).
3. Invalidate the EA of the reserved page by using tlbia or tlbie.
4

. Set MI_CTR[ITLB_INDX] (MD_CTR[DTLB_INDX]) to the appropriate value
(between 27 and 31).

5. Load Mx_EPN with the effective page number, the ASID of the reserved page, and
set EV.

6. Run software tablewalk code to load the appropriate entry into the translation
lookaside buffer. See Section 8.10.1.1, “ Translation Reload Examples.”

7. Repeat steps 46 to load other TLB entries.
8. Set MI_CTR[RSV4I] (MD_CTR[RSV4D]).

8.10.4 TLB Invalidation

Executing tlbie invalidates TLB entries that hit, including reserved entries. Note that
EA[0-21] isused in the comparison because segment registers as defined by the PowerPC
architecture are not implemented. Although for entries with pages larger than 4 Kbytes,
some lower bits of the effective page number are ignored. The ASID value in the entry is
ignored for the purpose of matching an invalidate address, thus multiple entries can be
invalidated if they have the same effective address and different ASID values.

Executing tlbia invalidates all entries in both TLBs, however if MI_CTR[RSVI] or
MD_CTR[RSVD] is set, the reserved entries are not invalidated. Software can explicitly
invalidate one or more of these entries by setting MD_CTR[DTLB _INDX] or
MI_CTR[ITLB_INDX], negating MD_EPN[EV] or MI_EPN[EV], and writing to the
appropriate MD_RPN or MI_RPN. The TLBs are not invalidated automatically on reset,
but are disabled. However, they must be invalidated under program control during
initialization.
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Instruction Execution Timing

This chapter describes the timing of instructions that execute in the core. Examples show
stalls and bubbles due to serialization, latency, and blockage.

9.1 Instruction Execution Timing Examples

The following sections provide timings for the following scenarios:
» Datacache load
» Writeback arbitration
* Private writeback bus load
» Fastest external load (data cache miss)
* Full completion queue (CQ)
* Branchinstruction handling
» Branch prediction

All examples assume an instruction cache hit.

9.1.1 Data Cache Load with a Data Dependency

Figure 9-1 shows a data cache load with zero wait states. The sub instruction depends on
the value loaded to r12,which causes a bubble in the instruction stream. The example in
Section 9.1.3, “Private Writeback Bus Load,” has no such dependency.

1wz rl2,64 (SP)
sub r3,rl2,3
addic r4,rld,1
mulli r5,r3,3
addi r4,3(xr0)
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Gelkl | L | | | | | | | | | | | |
Fetch  Tiwz X sub X addic X mulli X addi )

Decode | lwz (sub) ((addic)

Read + Execute : { Bubble) ("sub ) (_addic )

Writeback : fddid

L Address Drive !

L Data :

Load Write Back :

Figure 9-1. Data Cache Load Timing

9.1.2 Writeback Arbitration

In Figure 9-2, the addic instruction is dependent on the mulli result. Because the
single-cycle instruction sub has priority on the writeback bus over the mulli, the mulli
writeback is delayed one clock and causes a bubble in the execute stream.

mulli rl2,r4,3
sub r3,rl5,3
addic 4,r12,1

gelkl | | : | | | | | | | | | | | | |
Fetch ( 'mulli X sub X addic )
Read + Execute : ((mutli ) (sub, mulli) ¢ Bubble»
Writeback | \
1
1
'

S

Figure 9-2. Writeback Arbitration Timing—Example 1

In this example, the addic instruction is dependent on sub rather than on mulli. Although
the writeback of the mulli is delayed two clocks, there is no bubble in the execution stream.

mulli r12,r4,3
sub r3,rl1l5,3
addic r4,r3,1

ek [ Lo L1 L L L]
Fetch ( imulli X sub X addic >
Decode

{ mulli ) (sub, mulli )  ( addic )

N (sub) (addic)  (mulli)

Figure 9-3. Writeback Arbitration Timing—Example 2

Read + Execute
Writeback
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9.1.3 Private Writeback Bus Load

In Figure 9-4, lwz and xor write back in the same clock since they use the writeback busin
two different ticks (atick = 1/4 of a processor clock).

1wz rl2,64 (SP)

sub r5,r5,3

cror 4,14,1

and r3,r4.r5

XOr r4,r3,r5

ori r6,rl2.r3

GCLK1 | L | | | | | | | | | | | |
Fetch ¢ "lwz X sub X cror X and X xor X ori )
Decode {load ) {sub) and

Read + Execute

(load ) ( sub ) (cror ) (and ) ( xor ) ( ori )
{ ( {

:
1
Writeback E cror ) and) xor)
L Address Drive !
L Data !
Cache Address !
Load Writeback !
E Address ! Iwz
E Data ! Iwz

Figure 9-4. Private Writeback Bus Load Timing

9.1.4 Fastest External Load (Data Cache Miss)

Figure 9-5 shows a sub instruction dependent on the value read by the load. It causes three
bubbles in the execution stream. Assuming SCCR[EBDF] = 00, the external clock
(CLKOUT) is shifted 90° from the internal clock (GCLK1).

lwz rl2,64 (SP)
sub r3,rl2,3
addic r4,rld,1
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GCLK1 [ [

Fetch

Decode

Read + Execute

Writeback

L Address Drive

L Data

Cache Address

Load Writeback

E Address lwz

E Data

s
N

Figure 9-5. External Load Timing

9.1.5 A Full Completion Queue
Figure 9-6 shows stalls due to a full CQ. Here, the CQ is full from

executing sub, addic,

and and. It takes one more bubble from the load writeback to allow further issue while the

CQ retires sub, addic, and and.

1wz
sub
addic
and
XOor

rl2, 64
r5,r5,3
r4,rl4,1
r3,r4.r5
r4,r3,r5
r7,r8,1

(SP)

ori

GCLK1 ' L 45 75 1 °L—1 1

Fetch X sub X addic X and X xor X ori )

Decode { wz)  (sub) (addic) {and)  { xor)

Read + Execute (iwz) (sub) (addic) (and)

Writeback (sub) (addic)

L Address Drive

L Data

Cache Address

Load Writeback

E Address lwz

E Data

Figure 9-6. Full Completion Queue Timing
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9.1.6 Branch Instruction Handling

In Figure 9-7 the Iwz instruction accesses internal memory with one wait state. The 1Q and
parallel operation of the BPU allows the two bubbles caused by the bl issue and execution
to overlap the two bubbles caused by the load. Issuing bl causes a bubble because it does

no work.

lwz rl2,64
sub r3,rl2,3
addic r4,rl4,1

bl func

func:

mulli r5,r3,3

addi r4,3(r0)

(SP)

GCLK1 [
Fetch

(

———————

X _sub X addic X bl X Bubble X muli X addi )

______

Decode

lwz sub {addic) ( mulli )

Read + Execute

lwz {(Bubble)  (Bubble) (sub )  (addic)  (‘mulli)

Writeback

L Address Drive

L Data

Load Writeback

Branch Decode

Branch Execute

Figure 9-7. Branch Folding Timing

9.1.7 Branch Prediction

In this example, the blt instruction is dependent on the cmpi instruction. Nevertheless, the
BPU predictsthe correct path and alows an overlap of its bubbleswith those of Iwz. When
cmpi writes back, the BPU reevaluates the decision. If the prediction is correct, no more
action is taken and execution continues. Instructions on the predicted path cannot be
dispatched before the condition is resolved.

while:

mulli r3,rl2,r4
addi r4,3(xr0)
lwz rl2, 64
cmpi 0,rl2,3
addic r6,r5,1
blt cr0,while

(r2)
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GCLK1 |

Fetch (

X addi )

Decode

{ addic)

{ mulli )

Read + Execute

Igu k;IJ) ( cmpi )

{ addic )

(_mulli )

Writeback

(cmg

<addia

L Address Drive

L Data

Load Writeback

Branch Decode

Branch Execute

Branch Final
Decision

blt

Figure 9-8. Branch Prediction Timing

9.2

Instruction Timing List

Table 9-1 summarizesinstruction execution timingsin terms of latency and blockage of the
appropriate execution unit. A serializing instruction blocks all execution units.

Table 9-1. Instruction Execution Timing

Instructions Latency Blockage Unit Serializing
Branch: b, ba, bl, bla, bc, bca, bcl, bcla, bcelr, belrl, Taken 2 2 BPU No
bcctr, becetl
Not taken 1 1
System call: sc, rfi Serialize + 2 — Yes
CR logical: crand, crxor, cror, crnand, crnor, crandc, 1 1 BPU No
creqv, crorc, mcrf
Integer trap: twi, tw Taken Serialize +3 |IU After
serialize + 3
Not taken 1 1 No
Move to: mtspr, mtcrf, mtmsr, mcrxr except mtsprto LR | Serialize + 1 All Yes
and CTR and to SPRs external to the core.
Move to LR, CTR: mtspr 1 1 BPU No
Move to SPRs external to core: mtspr, mtth, mttbu. See | Serialize + 11 | Serialize + 1 |LSU Yes
Section 9.2.3, “Accessing Off-Core SPRs.”
Move from SPRs external to core: mfspr, mftb, mftbu Load latency 1 LSU No
Move from SPRs internal to core: mfspr 2 1 — See list 3
Move from: mfcr, mfmsr Serialize + 1 — See list 4
Integer arithmetic: addi, add, addis, subf, addic, subfic, |1 U No
addic., addc, adde, subfc, subfe, addme, addze,
subfme, subfze, neg
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Table 9-1. Instruction Execution Timing (continued)

Instructions Latency Blockage Unit Serializing

Integer divide: divw, divwu Min 2 Min 2 U No
Max 11 ° Max 116

Integer multiply: mul, mullw, mulhw, mulhwu 2 1-2 7 U No
Integer compare: cmpi, cmp, cmpli, cmpl 1 U No
Integer logical: andi., andis., ori, oris, xori, xoris, and, |1 U No
or, xor, nand, nor, eqv, andc, orc, extsb, extsh, cntlzw
Integer rotate and shift: rlwinm, rlwnm, rlwimi, slw,srw, |1 U No
srawi, sraw
Integer load: Ibz, Ibzu, Ibzx, Ibzux, Ihz, Ihzu, Ihzx, Ihzux, |28 1 LSU No
lha, Ihau, lhax, lhaux, lwz, lwzu, lwzx, lwzux, Ihbrx,
Iwbrx.
Integer store: stb, stbu, stbx, stbux, sth, sthu, sthx, 11 1 LSU No
sthux, stw, stwu, stwbrx, stwx, stwux, sthbrx
Integer load/store multiple: Imw, smw Serialize + 1 + no. of registers | LSU Yes
Synchronize: sync Serialize + 1 LSU Yes
Memory synchronization: Iwarx, stwcx. Serialize + 2 LSU Yes
Move CR from XER: mcrxr Serialize + 1 LSU Yes
Move to/from SPR (Debug, DAR, DSISR): mtspr, mfspr | Serialize + 1 LSU Yes
String instructions: Iswi, Iswx, stswi, stswx. See Serialize + 1 + no. of words LSU Yes
Section 9.2.2, “String Instruction Latency.” accessed
Memory control instructions: isync Serialize BPU Yes
Order memory access: eieio 1 LSU Next load/store

is synchronized
with ones before

Cache control: icbi 1 LSU, No
I-cache

1 Although a store (as well as mtspr for SPRs external to the core) issued to the LSU buffer frees the core pipeline,
the next load or store is not performed on the bus until it is free.

2 See Table 4-5.
3 Refer to Chapter 4, “MPC8xx Core Register Set.”

4 See Section 4.1.1.1.1, “Condition Register (CR),” and Section 4.1.2.3.1, “Machine State Register (MSR).”

5
Where

X )
Overflow = ((_))Or(MaxNegatl:eNumber)

NoOverflow = 3 +(

34—divisorLength)
DivisionLatency =

4

Overflow = 2
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6 Division blockage = division latency.

7 Blockage of the multiply instruction is dependent on the next instruction.|f the next instruction is a divide, the blockage
is 2 clocks; otherwise, the blockage is 1 clock.

8 Assumes nonspeculative aligned access, on-chip memory, and available bus. See Section 3.6.3.4, “Nonspeculative
Load Instructions,” Section 3.6.3.5, “Unaligned Accesses,” and Section 9.2.1, “Load/Store Instruction Timing.”

9.2.1 Load/Store Instruction Timing

Table 9-2. summarizes load/store instruction timings. This table assumes zero wait-state
memory references on a parked bus and pipelined external memory accesses.

Table 9-2. Load/Store Instructions Timing

Latency Cleared from LSU
Instruction Type
Data Cache | External Memory | Data Cache | External Memory
Integer single target register load (aligned) 2 cycles 5 cycles 2 cycles 5 cycles
Integer single target register store (aligned) 1 cycle 1 cycle 2 cycles 5 cycles
Load/store multiple 1+N 1 N+ 1 1+N N+ 1
3+N+(T) 3+N+(——3——)

1 N denotes the number of registers transferred.

9.2.2 String Instruction Latency

String accesses require separate aligned bus accesses. Figure 9-9 shows the maximum
number of bus cycles needed for string accesses where the beginning and end are unaligned.

Figure 9-9. Bus Latency for String Instructions

0x00 00 01 02 03

0x04 04 05 06 07 |2 bus cycles

0x08 08 09 0A 0B

0X0C 0C oD OE OF Word transfers

3 bus cycles

0x10 10 11 12 13

0x14 14 15 16 17 2 bus cycles

0x18 18 19 1A 1B

9.2.3 Accessing Off-Core SPRs

The LSU handles mtspr and mfspr accesses to off-core SPRs by using a special cycle on
the internal bus. See Section 4.1.3.1, “Accessing SPRs.” If the access endsin abus error, a
software emulation exception is taken. All write operations to off-core SPRs (mtspr) are
previously synchronized. In other words, the instruction is not taken until al prior
instructions terminate.
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Part Ill
Configuration and Reset

Audience

Part 111 is intended for system designers and programmers who need to understand the
operation of the MPCB855T at start up. It assumes an understanding of the programming
model described in the previous chapters and a high level understanding of the MPC855T.

Contents

Part 111 describes start-up behavior of the MPC855T. It contains the following chapters:

» Chapter 10, “ System Interface Unit,” describes the SIU, which controls system
start-up, initialization and operation, protection, as well as the external system bus.

o Chapter 11, “Reset,” describes the behavior of the MPC855T at reset and start-up.

Suggested Reading

Supporting documentation such as technical specifications, reference materials, and
detailed applications notes can be accessed through the world-wide web at
http://www.motorola.com

Conventions

This chapter uses the following notational conventions:

| Bold | Bold entriesin fi .gl.Jr.%.and tables showing registers and parameter
RAM should beinitialized by the user.

mnemonics I nstruction mnemonics are shown in lowercase bold.

italics Italics indicate variable command parameters, for example, bcctr x.
Book titlesin text are set initalics.

0x0 Prefix to denote hexadecimal number
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Ob0 Prefix to denote binary number

rA,rB Instruction syntax used to identify a source GPR
rD Instruction syntax used to identify a destination GPR
REG[FIELD] Abbreviations or acronyms for registers or buffer descriptors are

shown in uppercase text. Specific bits, fields, or numerical ranges
appear in brackets. For example, MSR[LE] refersto thelittle-endian
mode enable bit in the machine state register.

X In certain contexts, such asin asignal encoding or a bit field,
indicates adon’t care.

n Indicates an undefined numerical value

Acronyms and Abbreviations

Table i contains acronyms and abbreviations that are used in this document. Note that the
meanings for some acronyms (such as SDR1 and DSISR) are historical, and the words for
which an acronym stands may not be intuitively obvious.

Table i. Acronyms and Abbreviated Terms

Term Meaning
BIST Built-in self test
CRC Cyclic redundancy check
CTR Count register
DABR Data address breakpoint register
DAR Data address register
DEC Decrementer register
DMA Direct memory access
DRAM Dynamic random access memory
DTLB Data translation lookaside buffer
EA Effective address
GPR General-purpose register
IEEE Institute of Electrical and Electronics Engineers
ITLB Instruction translation lookaside buffer
LSB Least-significant byte
Isb Least-significant bit
LSU Load/store unit
MMU Memory management unit
MSB Most-significant byte
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Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
msb Most-significant bit
MSR Machine state register
PCI Peripheral component interconnect
RISC Reduced instruction set computing
RTOS Real-time operating system
Rx Receive
SPR Special-purpose register
SWT Software watchdog timer
B Time base register
TLB Translation lookaside buffer
Tx Transmit
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Chapter 10
System Interface Unit

The system interface unit (SIU) controls system startup, initialization and operation,
protection, as well as the external system bus. The system configuration and protection
function controls the overall system and provides various monitors and timers, including
the bus monitor, software watchdog timer, periodic interrupt timer (PIT), decrementer,
timebase, and real-time clock. The clock synthesizer generates the clock signals for other
modules and external devices that the SIU interfaces with. The SIU supports various
low-power modes that supply different ranges of power consumption, functionality, and
wake-up time. The clock scheme supports low-power modes for applications that use baud
rate generators and/or serial portsin standby mode. The main system clock can be changed
dynamically; the baud rate generators and serial ports work with a fixed frequency. For
more information, see Chapter 14, “Clocks and Power Control.”

The external bus interface handles the transfer of information between internal buses and
the memory or peripherals in the external address space. The MPC855T is designed to
alow external bus devices to request and obtain system bus mastership. Chapter 12,
“External Signals,” describes bus operation. The memory controller module provides a
gluelessinterface to many types of memory devicesand peripherals; it supportsamaximum
of eight memory banks, each with its own device and timing attributes. Memory control
services are provided to both internal and external masters. The MPC855T supports circuit
board test strategies through user-accessible test logic that isfully compliant with the |[EEE
1149.1 standard described in Chapter 45, “|EEE 1149.1 Test Access Port.”

The PCMCIA host adapter module providesall control logic for aPCMCIA interface. This
interface complies fully with the PCMCIA standard, Release 2.1+ (PC Card -16). It can
support PCMCIA socket with a maximum of eight memory or 1/0O windows.

10.1 Features
Thefollowing isalist of the SIU’s main features:

» System configuration and protection

e System interrupt configuration

e System reset monitoring and generation
» Clock synthesizer
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system Configuration and Protection

Power management

Real-time clock

Decrementer

Time base

Periodic interrupt timer (PIT)

External businterface control

Eight memory banks supported by the memory controller

Debug support

PCMCIA host adapter modul e supports slot with eight memory or 1/0O windows
IEEE 1149.1 test access port

10.2 System Configuration and Protection

The MPC855T incorporates many system functions that normally must be provided in
external circuits. The following features provide maximum system safeguards against
hardware and/or software faults:

System configuration—Allows control of parity checking, show cycle operation,
and part and mask number constants.

Bus monitor—Monitors the TA response time for bus accesses initiated by internal
masters. TEA is asserted if the TA response limit is exceeded. The bus monitor
measurestime between TS and any termination of thebuscycle, including TA, TEA,
and RETRY.

Software watchdog timer (SWT)—Asserts areset or nonmaskable interrupt (NM1)
that is selected by the system protection control register (SYPCR) if software fails
to service thistimer after a certain period. After system reset, the timer, if enabled,
selects a maximum time-out period and asserts SRESET or NMI (system reset
interrupt) if thetime-out isreached. Thistimer can be disabled or itstime-out period
can be changed in SYPCR. Once SY PCR iswritten, it cannot be written again until
asystem reset.

Periodic interrupt timer (PIT)—Generates periodic interrupts for use with a
real-time operating system (RTOS) or the application software. The PIT is clocked
by the PITRTCLK clock, thus providing aperiod from 122 psto 8 seconds assuming
a32.768-KHz crystal. The PIT can be disabled if it is not needed.

Timebase counter—Provides a timebase reference for the operating system or
application software. This 64-bit timebase counter is defined by the PowerPC
architecture and has two independent reference registers that generate a maskable
interrupt when the programmed value in one of the registersis reached. The
associated bit in the timebase status and control register (TBSCR) is set for the
reference register that generated the interrupt. The timebase is clocked by the
TMBCLK clock.
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» Decrementer—Provides a decrementer register/interrupt clocked at the timebase
frequency. This 32-bit decrementing counter is defined to be clocked by TMBCLK.
When it is driven by a4-MHz oscillator the period for the decrementer is 4,295
seconds (approximately 71.6 minutes).

* Red-time clock (RTC)—Providestime-of-day information to the operating system
or application software. It is composed of a 45-bit counter and an alarm register. A
maskable interrupt is generated when the counter reaches the value programmed in
the alarm register. The RTC is clocked by PITRTCLK.

» Freeze support—The SIU determines whether the software watchdog timer, PIT,
timebase, decrementer, and real-time clock should continue to run in freeze mode.

Figure 10-1 isablock diagram of the system configuration and protection logic.

Module
Configuration

Bus
Monitor

Periodic Interrupt
Timer

— Interrupt

A

Software Interrupt or
Watchdog Timer System Reset

Y

Clock —> Interrupt

Decrementer

A

Timebase Counter —> Interrupt

Real-Time
Clock

— Interrupt

A

Figure 10-1. System Configuration and Protection Logic

10.3 Multiplexing SIU Pins

Due to the limited number of pins available in the MPC855T package, some of the
functionalities share pins. Table 10-1 shows how functionality is controlled on each pin.
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Table 10-1. Multiplexing Control

Name Pin Configuration Control
TSIZO/REG Dynamically active if the transaction addresses a slave controlled by the PCMCIA
interface.
BDIP/GPL_B5 Programmed in SIUMCR.
RSV/IRQ2

KR/RETRY/IRQ4/SPKROUT
DP[0-3)/IRQ[3-6]

FRZ/IRQ6
CS6/CE1_B Address matching and bank valid bits. When a transfer matches either memory
CS7/CE2_B controller bank 6 or any PCMCIA bank mapped to slot B, CS6/CE1_B is asserted.

When a transfer matches either memory controller bank 7 or any PCMCIA bank
mapped to slot B, CS7/CE2_B is asserted.

WEO/BS_ABO/IORD
WE1/BS_AB1/IOWR
WE2/BS_AB2/PCOE
WE3/BS_AB3/PCWE

Dynamically active depending on the machine (GPCM, UPMB, or PCMCIA
interface) assigned to control the required slave.

GPL_AO/GPL_BO

Dynamically active depending on the machine (UPMA or UPMB) assigned to
control the required slave.

OE/GPL_AL/GPL_B1

Dynamically active depending on the machine (GPCM, UPMA, or UPMB) assigned
to control the required slave.

GPL_A[2-3])/GPL_B[2-3]/CS[2-3]

GPL_A[2-3]/GPL_B[2-3]: Dynamically active depending on the machine (UPMA
or UPMB) assigned to control the required slave.
GPL_A[2-3]/CS[2-3]: Programmed in the SIUMCR.

ALE_B/DSCK/AT1
IP_B[0—1)/IWP[0—1)/VFLS[0-1]
IP_B2/I0IS16_B/AT2
IP_B3/IWP2/VF2
IP_B4/LWPO/VFO
IP_B5/LWP1/VF1
IP_B6/DSDI/ATO
IP_B7/PTRIAT3

Programmed in the SIUMCR and hard reset configuration. See Section 11.3.1.1,
“Hard Reset Configuration Word.”

TDI/DSDI

TCK/DSCK

TDO/DSDO

OP2/MODCK1/STS At power-on reset, this functions as MODCK[1-2]. Otherwise, programmed in the
OP3/MODCK2/DSDO SIUMCR and hard reset configuration.

10.4 Programming the SIU

The following sections describe registers used for programming the SIU.

10.4.1 Internal Memory Map Register (IMMR)

The internal memory map register (IMMR) is an SPR that identifies specific devices and
the internal memory map base address. Using mfspr, software can read IMMR to
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determine the location and availability of any on-chip system resource. |SB can be written
by mtspr, but PARTNUM and MASKNUM are mask programmed and cannot be changed.

Bit

0

1

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

Field

ISB

Reset

Set by reset configuration

R/W

R/W

Bit

16

17

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

Field

PARTNUM MASKNUM

Reset

Value depends on the part revision

Value depends on the mask revision

R/W

R R

SPR

638

Figure 10-2. Internal Memory Map Register (IMMR)

Table 10-2 describes IMMR fields.

Table 10-2. MMR Field Descriptions

Bits

Name

Description

0-15

ISB

Internal space base. Defines the base address of the internal memory space. At reset, ISB can
be configured to one of four addresses and changed to any value by the software. The number
of programmable ISB bits and the resolution of the location of internal space depends on the
implementation’s internal memory space. In the MPC855T, all 16 bits can be programmed.
Chapter 2, “Memory Map,” describes the internal memory map. Section 11.3.1.1, “Hard Reset
Configuration Word,” describes available and default initial values.

16-23

PARTNUM

Part number (read-only). Mask programmed with a code corresponding to the part number of the
MPCB855T. Intended to help factory test and user code that is sensitive to part refinements.
PARTNUM would change if a new module is added or if the size of the memory module is revised.
However, it would not change if the part is revised to fix a bug in an existing module. The
MPCB855T's part number can be found at www.motorola.com, on itsproduct summary page.

24-31

MASKNUM

Mask number. (read-only) Mask programmed with a code corresponding to the mask number of
the MPC855T. Intended to help factory test and user code that is sensitive to part refinements.
The MPC855T’s mask number can be found at www.motorola.com, on itsproduct summary page

For the latest documentation on part/revision numbers and microcode REV_NUMSs, seethe
website at www.motorola.com.

10.4.2 SIU Module Configuration Register (SIUMCR)

The SIU module configuration register (SIUMCR) contains bits that configure the
following features in the SIU:

External bus arbitration

External master support

Debug and test port configuration
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System interface pin configuration

» Parity support
Bits 0 1 2 3 |45 6 7 8 9 10 11 |12 13| 14 | 15
Field | EARB EARP — DSHW DBGC DBPC | — |FRC|DLK
Reset n 000_0001_0 n n 000
RIW R/W
Addr (IMMR & OxFFFF0000) + 0x000
Bits 16 17 | 18 | 19 |20|21| 22 23 24 25 26 27 |28|29| 30 | 31
Field | OPAR | PNCS | DPC |MPRE | MLRC |AEME | SEME GBSE | B2DD | B3DD —
Reset 0000_0000_0000_0000
RIW RIW
Addr (IMMR & OxFFFF0000) + 0x002

Figure 10-3. SIU Module Configuration Register (SIUMCR)

Thisregister is affected by HRESET but is not affected by SRESET. Table 10-3 describes

SIUMCR fields.
Table 10-3. SIUMCR Field Descriptions
Bits | Name Description
0 EARB | External arbitration. For more information, see Section 13.4.6, “Arbitration Phase.” The default value

depends on the reset configuration; see Section 11.3.1.1, “Hard Reset Configuration Word.”
0 Internal arbitration is performed.
1 External arbitration is assumed.

1-3

EARP

External arbitration request priority. Defines the priority of the external master’s arbitration request
relative to requests by internal modules. Valid when EARB is cleared. 000 = lowest priority and 111
= highest (however, the internal UPM-based refresh cycles always have a higher priority and will
preempt any external master if the internal arbiter is used). See Figure 13-21 and Table 19-1.

Reserved, should be cleared.

DSHW

Data show cycles. Selects the show cycle mode to be applied to data cycles. Data show cycles do
not include CPU interaction with the data cache; they only include CPU interactions with peripherals
on the internal U-bus (that is, CPM and SIU). (Instruction show cycles are programmed in ICTRL see
the Hardware Specifications for more information.) This bit is locked by the DLK bit.

0 Disable show cycles for all internal data cycles.

1 Show address and data of all internal data cycles.

9-10

DBGC

Debug pin configuration. The default is set by the hard reset configuration word. See Section 11.3.1.1,
“Hard Reset Configuration Word” for the description of these bits.

11-12

DBPC

Debug port pins configuration. Determines the active pins for the development port. The default is set
by the hard reset configuration word. See Section 11.3.1.1, “Hard Reset Configuration Word” for the
description of these bits.

13

Reserved, should be cleared.

14

FRC

FRZ pin configuration. Configures the functionality of FRZ/IRQ6.
0 FRZ/IRQ6 functions as FRZ.
1 FRZ/IRQ6 functions as IRQ6.
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Table 10-3. SIUMCR Field Descriptions (continued)

Bits | Name Description

15 DLK Debug register lock. If DLK is set, bits 8—15 are locked and writes to those bits are no longer
performed. These bits can be written once the internal FRZ signal is asserted, regardless of the state
of DLK. Cleared at reset.

16 OPAR | Odd parity. Used to program odd or even parity. Also used to generate parity errors for testing
purposes by writing the memory with OPAR = 1 and reading the memory with OPAR = 0.

17 PNCS | Parity enable for nonmemory controller regions. Enables parity generation/checking for memory
regions not controlled by the memory controller.

18 DPC Data parity pins configuration. Configures the functionality of DP[0-3]/IRQ[3—6].
0 DP[0-3)/IRQ[3-6] functions as IRQ[3-6].
1 DP[0-3]/IRQ[3-6] functions as DP[0-3].

20-21 |MLRC |Multi-level reservation control. Configures the functionality of KR/RETRY/IRQ4/SPKROUT.
00 KR/RETRY/IRQ4/SPKROUT functions as IRQ4.

01 KR/RETRY/IRQ4/SPKROUT is three-stated.

10 KR/RETRY/IRQ4/SPKROUT functions as KR/RETRY.

11 KR/RETRY/IRQ4/SPKROUT functions as SPKROUT.

22 AEME | Asynchronous external master enable. Configures how the memory controller refers to external
asynchronous masters initiating a transaction. If AEME = 1, the memory controller interprets any
assertion of AS as an external asynchronous master initiating a transaction. If it is reset, the memory
controller ignores the value of AS.

23 SEME | Synchronous external master enable. Configures how the memory controller refers to synchronous
external masters initiating a transaction. If SEME = 1, the memory controller interprets any assertion
of TS not driven by the MPC855T as a synchronous external master initiating a transaction. If SEME
= 0, the memory controller ignores TS unless it is external bus master.

24 BSC Configures how memory controller and PCMCIA interface byte selects and strobes are configured.
0 BS_A[0-3] are driven just on their dedicated pins.

WEO/BS_BO0/IORD is driven on its dedicated pin.

WE1/BS_B1/IOWR is driven on its dedicated pin.

WE2/BS_B2/PCOE is driven on its dedicated pin.

WE3/BS_B3/PCWE is driven on its dedicated pin.

1 Assertion of either BS_AO0, WEO, BS_BO or IORD is driven on BS_A0 and WE0/BS_BO0/IORD.
Assertion of either BS_A1, WE1, BS_B1 or IOWR is driven on BS_A1 and WE1/BS_B1/IOWR.
Assertion of either BS_A2, WE2, BS_B2 or PCOE is driven on BS_A2 and WE2/BS_B2/PCOE.
Assertion of either BS_A3, WE3, BS_B3 or PCWE is driven on BS_A3 and WE3/BS_B3/PCWE.

25 GB5E | GPL_B5 enable
0 The BDIP functionality is active.
1 The GPL_B5 of the memory controller functionality is active

26 B2DD |Bank 2 double drive. If this bit is set, CS2 is reflected on GPL_x2.

27 B3DD |Bank 3 double drive. If this bit is set, CS3 is reflected on GPL_x3.

28-31 |— Reserved, should be cleared.

10.4.3 System Protection Control Register (SYPCR)

The system protection control register (SYPCR) controls the system monitors and bus
monitor timing. It can be read at any time, but can be written only once after system reset.
Thisregister is affected by HRESET but is not affected by SRESET.
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Bit 0 2 3 4 5 6 7 8 9 10 | 11 12 13 14 15
Field SWTC
Reset 1121 1111 1211 1111
R/W R/W
SPR (IMMR & OxFFFF0000) + 0x004
Bit 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 28 29 30 31
Field BMT BME — SWF | SWE | SWRI | SWP
Reset 1111 1111 0 000 0 1 1 1
R/W R/W
SPR (IMMR & OxFFFF0000) + 0x006
Figure 10-4. System Protection Control Register (SYPCR)
Table 10-4 describes SY PCR fields.
Table 10-4. SYPCR Field Descriptions
Bits Name Description
0-15 SWTC | Software watchdog timer count. Count value for the software watchdog timer.
16-23 BMT Bus monitor timing. Defines the timeout period, in 8 system clock resolution, for the bus monitor.
maximum timeout is 2,040 clocks.
24 BME Bus monitor enable. Controls bus monitor operation during internal-to-external bus cycles.
0 Disable the bus monitor.
1 Enable the bus monitor.
Note: If the bus monitor is disabled, transfer error conditions do not cause TEA to be asserted.
25-27 — Reserved, should be cleared.
28 SWF Software watchdog freeze
0 The software watchdog timer continues counting even if FRZ is asserted.
1 The software watchdog timer stops counting when FRZ is asserted.
29 SWE Software watchdog enable.
To disable the software watchdog timer, it should be cleared by the software after a system reset.
0 Software watchdog timer disabled.
1 Software watchdog timer enabled. (default)
30 SWRI Software watchdog reset/interrupt select.
0 The software watchdog timer causes an NMI (system reset interrupt) to the core.
1 The software watchdog timer causes an HRESET. (default)
31 SWP Software watchdog prescale.
0 The software watchdog timer is not prescaled.
1 The software watchdog timer is prescaled by a factor of 2,048. (default)

10.4.4 Transfer Error Status Register (TESR)

The transfer error status register (TESR) has a bit for each transfer error exception source.
Set bits indicate what type of transfer error exception that occurred since bits were last
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cleared. Bits are cleared by reset or by writing ones to them. Canceled specul ative accesses
that do not cause an interrupt may set these bits. TESR has two identical sets of fields, one
for instruction transfers and one for datatransfers. Thisregister is affected by HRESET and

SRESET.

Bit o|1| 2|3 | 4|5 |6 |7 |8|9| 10| 11| 12| 13| 14 | 15
Field —

Reset XXXX_ XXXX_XXXX_XXXX

RIW RIW

SPR (IMMR & OXFFFF0000) + 0x020

Bit |16 |17 | 18 | 19 | 20 | 21 | 22 | 23 |24 | 25| 26 | 27 | 28 | 29 | 30 | 31
Field — IEXT [ITMT | IPBO | IPB1 [ IPB2 | IPB3| — | DEXT|DTMT |DPBO |DPB1|DPB2|DPB3
Reset 0000_0000_0000_0000

RIW RIW

SPR (IMMR & OXFFFF0000) + 0x022

Figure 10-5. Transfer Error Status Register (TESR)

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

Bits Name Description

0-17 — Reserved, should be cleared.

18 IEXT Instruction external transfer error acknowledge. Set if the cycle is terminated by an externally
generated TEA when an instruction fetch is initiated.

19 ITMT Instruction transfer monitor timeout. Set if the cycle is terminated by a bus monitor timeout when an
instruction fetch is initiated.

20-23 |[IPB[0-3] |[Instruction parity error on bytes 0—3. Each byte lane has four parity error status bits; one is set for
the byte that had a parity error when an instruction was fetched. Parity check for memory not
controlled by the memory controller is enabled by SIUMCR[PNCS], see Table 10-3.

24-25 |— Reserved, should be cleared.

26 DEXT Data external transfer error acknowledge. Set if the cycle is terminated by an externally generated
TEA signal when a data load or store is requested by an internal master.

27 DTMT Data transfer monitor timeout. Set if the cycle is terminated by a bus monitor timeout when a data
load or store is requested by an internal master.

28-31 |DPB[0-3] |Data parity error on bytes 0—3. Each byte lane has four parity error status bits; one is set for the

byte that had a parity error when an internal master requested a data load. Parity checking for
memory not controlled by the memory controller is enabled by SIUMCR[PNCS], see Table 10-3.

10.4.5 Register Lock Mechanism

If the MPC855T sets PLPRCR[LPM] = 11 before entering power-down mode, then the
registers of the SIU maintained by KAPWR are automatically protected. However, to
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provide protection of the SIU registers maintained by KAPWR against uncontrolled
shutdown, aregister locking mechanism isincluded. These registers can be write-protected
in a set of associated key registers. The MPC855T key registers are shown in Table 10-6.

Table 10-6. Key Registers

Offset Name Size
System Integration Timers Keys
0x300 TBSCRK—Timebase status and control register key 32 bits
0x304 TBREFAK—Timebase reference register A key 32 bits
0x308 TBREFBK—Timebase reference register B key 32 bits
0x30C TBK—Timebase/decrementer register key 32 bits
0x310-31F |Reserved 16 bytes
0x320 RTCSCK—Real-time clock status and control register key 32 bits
0x324 RTCK—Real-time clock register key 32 bits
0x328 RTSECK—Real-time alarm seconds key 32 bits
0x32C RTCALK—Real-time alarm register key 32 bits
0x330-33F | Reserved 16 bytes
0x340 PISCRK—Periodic interrupt status and control register key 32 bits
0x344 PITCK—Periodic interrupt count register key 32 bits
0x348-37F |Reserved 56 bytes
Clocks and Reset Keys
0x380 SCCRK—System clock control key 32 bits
0x384 PLPRCRK—PLL, low power and reset control register key 32 bits
0x388 RSRK—Reset status register key 32 bits
0x38C-7FF |Reserved 1140 bytes

Each register in the keep-alive power region has a key register that can be in an open or
locked state. At power-on reset, all key registers are open, except for the real-time clock key
registers. Each key register has an associated addressin theinternal memory map, as shown
in Table 10-6. A write of OX55CC_AA33 to a key register unlocks its associated SIU
register; any other access (including reads or writes of any other value) to a key register
locks its associated SIU register. For example, writing a 0x55CC_AA33 to the RTCK key
register allowsthe RTC register to be written. The key registers are write-only; aread of the
key register does not return the last value written.

When aregister islocked, an attempt to writeto it will result in amachine check exception,
and will not change the value in the register. One exception to thisis the timebase register
(TBU and TBL), locked with TBK. A writeto the timebase register when it islocked results
In a software emulation exception.
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Reads are alowed at all times to any of the SIU registers, regardless of whether they are
locked or unlocked.

Write any other value to the key register

Power-on reset /\

- (=D
N

Write 0x55CC_AA33 to the key register

Figure 10-6. Register Lock Mechanism

For more information on key registers, see Section 14.5.7.3, “Register Lock Mechanism:
Protecting SIU Registersin  Power-Down Mode.”

10.5 System Configuration

The SIU module configuration register (SITUMCR) is used for configuring external bus
arbitration logic, external master support, and pin multiplexing. See Section 10.4.2, “SIU
Module Configuration Register (SITUMCR).”

10.5.1 Interrupt Structure

The SIU recelves interrupts from internal sources, like the PIT, real-time clock,
communications processor module (CPM), and the external TRQ pins. Figure 10-7 shows
the MPCB855T interrupt structure.
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SIU Software
Watchdog Timer NMI
_ Generator [
IRQ[0:7] TRQG —l
Edge
Detector NMI
Selector Decrementer »{ Decrementer
Level 7
Timebase Level 6
. MPC8xx
Periodic Level 5 CORE
Interrupt Timer
Real-Time Level 4 o
Clock Interrupt
> »{ External
Level 3 Controller Interrupt
PCMCIA N
Level 2
CPM Level 1
-
Level 0 N
Debug »! Debug

Figure 10-7. MPCS855T Interrupt Structure

If programmed to generate interrupts, the software watchdog timer generates a
nonmaskable system reset interrupt (NMI) to the core. Asserting the external TRQO pin
generates an NM1 as well. Note that the core takes the system reset interrupt vector when
an NMI is asserted and jumps to the external interrupt vector when any other interrupt is
asserted by the interrupt controller. Each external IRQ pinisassigned apriority level. Each
SIU internal interrupt source, generated by the CPM’s interrupt controller (CPIC), can be
assigned by the software to one of eight additional internal interrupt priority levels,
described in Chapter 34, “CPM Interrupt Controller.”

Section 10.5.3.1, “Nonmaskable Interrupts—IRQO and SWT,” describes how IRQO
operates differently from other IRQ signals, and how the operation is configurable through
SIU registers.
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10.5.2 Priority of Interrupt Sources

There are eight external TRQ pins (TRQO is essentially nonmaskable, although in alimited
sense it can be masked as shown in Table 10-8) and eight interrupt levels. Asserting IRQO
causes an NMI. The other 15 interrupt sources assert a single interrupt request to the core
(the external interrupt). Table 10-7 shows interrupt priorities.

Table 10-7. Priority of SIU Interrupt Sources

Number Priority Level Interrupt Source l(nstlevrlrzucrﬁl\%ocogi
0 Highest IRQO 0000_0000
1 Internal Level O 0000_0100
2 IRQ1 0000_1000
3 Internal Level 1 0000_1100
4 IRQ2 0001_0000
5 Internal Level 2 0001_0100
6 IRQ3 0001_1000
7 Internal Level 3 0001_1100
8 IRQ4 0010_0000
9 Internal Level 4 0010_0100
10 IRQ5 0010_1000
11 Internal Level 5 0010_1100
12 IRQ6 0011_0000
13 Internal Level 6 0011_0100
14 IRQ7 0011_1000
15 Lowest Internal Level 7 0011_1100
16-31 Reserved —

10.5.3 SIU Interrupt Processing

Figure 10-8 shows the general flow of SIU interrupt processing.

Chapter 10. System Interface Unit



System Configuration

Bit set in SIMASK

Assert external interrupt)

to core

C

Start

)

SIU interrupt occurs

Set bitin SIPEND

Bit not set in SIMASK

End

C )

Figure 10-8. SIU Interrupt Processing

10.5.3.1 Nonmaskable Interrupts—IRQO and SWT
Figure 10-9 isalogical representation of IRQO.

SIEL[EDO] SIEL[EDO]
MUX MUX
Level »(O)| Level
IRQ0 —> — NMI

FF

Edge > Q »| Edge

Q
R
T DO—» SIPEND[IRQO]
SIPEND[IRQQ] = 1

Figure 10-9. IRQO Logical Representation

Table 10-8 describes the differences between TRQO and other TRQ interrupts.
Table 10-8. IRQO Versus IRQx Operation

Functionality IRQO IRQx
Exception Vector | 0x100 0x500
Core input NMI External interrupt
SIMASK Not used, except for enabling SIVEC Used for masking
SIVEC Not normally used. If used, SIMASK[IRQO] must | Supplies the interrupt code so the core knows

be set.

the interrupt source.
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SWT (software watchdog timer) interrupts behave similarly in that they jump to the system
reset vector (0x100). However, they are not affected by any interrupt controller registers.

Although NMI causes ajump to the system reset vector, no other reset action is taken. For
information on recoverability of NMI, see Section 6.1.5, “Recoverability after an
Exception.”

10.5.4 Programming the SIU Interrupt Controller

The SIU’s interrupt controller includes the SIU interrupt pending register (SIPEND), SIU
interrupt mask register (SIMASK), SIU interrupt edge/level register (SIEL), and SIU
interrupt vector register (SIVEC) registers. These are described in the following sections.

10.5.4.1 SIU Interrupt Pending Register (SIPEND)

SIU interrupt pending register (SIPEND) bits, shown in Figure 10-10, correspond to
interrupt requests. Thisregister is affected by HRESET and SRESET.

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

Field | IRQO |LVLO | IRQ1 |LVL1|IRQ2|LVL2 [IRQ3|LVL3 | IRQ4 | LVL4 | IRQ5 | LVL5 | IRQ6 | LVL6 | IRQ7 | LVL7

Reset 0000_0000_0000_0000
RIW RIW
Addr (IMMR & OXFFFF0000) + 0x010

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

Field —

Reset XXXX_XXXX_XXXX_XXXX
R/W R/W
Addr (IMMR & OxFFFF0000) + 0x012

Figure 10-10. SIU Interrupt Pending Register (SIPEND)

Table 10-9 describes SIPEND fields.
Table 10-9. SIPEND Field Descriptions

Bits | Name Description
0,2,4, |IRQn |Interrupt request 0-7. Indicate whether an edge-triggered interrupt is pending.
6, 8, 10, 0 The appropriate interrupt is not pending.
12,14 1 The appropriate interrupt is pending.

1,3,5, [LVLn |Level 0-7.When set, these bits indicate a pending level interrupt of corresponding value.

7,9,11, 0 The appropriate interrupt is not pending.
13,15 1 The appropriate interrupt is pending.
16-31 |— Reserved, should be cleared.
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The LVL[0-7] bits are associated with internal exceptions, and when set indicate that an
interrupt service is requested if they are not masked by the corresponding SIMASK hit.
These bits reflect the status of the interna requesting device and are cleared when the
appropriate actions are software-initiated in the device. Writing to LV Ln bits has no effect.

The IRQ[0-7] bits are associated with the IRQ[0-7] signals, and their function depends on
the sengitivity defined for them in SIEL; see Section 10.5.4.3, “SIU Interrupt Edge/L evel
Register (SIEL).”
«  WhenanIRQ pinisdefined asalevel interrupt (SIEL[EDn] = 0), the corresponding
IRQ bit behaveslike an LVL bit.
« If anIRQ pinisdefined asan edgeinterrupt (SIEL[EDn] = 1), the corresponding bit
being set indicates that a falling edge was detected on the line and are reset by
writing ones to them.

Note that IRQO can be masked in only a very limited sense. If SIEL[EDO] = 1,
edge-sensitive, and SIPEND[IRQOQ] is not cleared in the interrupt service routine, further
assertions of IRQO are masked.

10.5.4.2 SIU Interrupt Mask Register (SIMASK)

Bitsin SIMASK correspond to the interrupt request bitsin SIPEND. Setting SIMASK bits
enable the generation of interrupt requeststo the core. SIMASK isupdated by the software,
which must determine which interrupt sources are enabled at a given time. Thisregister is
affected by HRESET and SRESET.

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

Field | IRMO [LVMO| IRM1 |LVM1|IRM2 [LVM2| IRM3 [LVM3| IRM4 | LVM4 | IRM5 |LVM5| IRM6 [LVM6 | IRM7 |LVM7

Reset 0000_0000_0000_0000
RIW RIW
Addr (IMMR & OxFFFF0000) + 0x014

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

Field —

Reset XXXX_XXXX_XXXX_XXXX
R/W R/W
Addr (IMMR & OxFFFF0000) + 0x016

Figure 10-11. SIU Interrupt Mask Register (SIMASK)
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Table 10-10 describes SIMASK fields.
Table 10-10. SIMASK Field Descriptions

Bits | Name Description

0 IRMO | Interrupt request mask 0. Enables/disables updating SIVEC[INTC]. IRQO generates an NMI
regardless of this bit.

1,3,5 |LVMn [Level mask 0—7.When set, these bits enable an internal interrupt request to be generated.

7,9, 11, 0 Disable generation of an interrupt request bit in SIPEND.

13,15 1 Enable generation of an interrupt request bit in SIPEND.

2,4,6, |IRMn [Interrupt request mask 1-7. When set, these bits enable an IRQ interrupt request to be generated.
8, 10, 0 Disable generation of an interrupt request bit in SIPEND.

12,14 1 Enable generation of an interrupt request bit in SIPEND.

16-31 |— Reserved, should be cleared.

Thefollowing procedure prevents possibleinterrupt errors when modifying mask registers,
such as SIMASK:

1. Clear MSR[EE]. (Disable external interrupts to the core.)
2. Modify the mask register.
3. Set MSR[EE]. (Enable external interrupts to the core.)

This mask modification procedure ensures that an already pending interrupt is not masked
before being serviced.

10.5.4.3 SIU Interrupt Edge/Level Register (SIEL)

Bits in SIEL, shown in Figure 10-12, define interrupts as edge- or level-triggered and
enable/disable their use as wake-up signalsin low-power mode. Thisregister is affected by
HRESET but is not affected by SRESET.

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

Field | EDO |[WMO| ED1 |WM1| ED2 |[WM2| ED3 | WM3 | ED4 | WM4 | ED5 |WM5 | ED6 | WM6 | ED7 | WM7

Reset 0000_0000_0000_0000
RIW RIW
Addr (IMMR & OXFFFF0000) + 0x018

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

Field —

Reset XXXX_XXXX_XXXX_XXXX

R/W R/W

Addr (IMMR & OXFFFF0000) + Ox01A

Figure 10-12. SIU Interrupt Edge/Level Register (SIEL)
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Table 10-11 describes SIEL fields.
Table 10-11. SIEL Field Descriptions

Bits Name Description

0,2,4,6, |EDn Edge detect 0-7.

8,10, 12, 0 A low logical level in the IRQ signal indicates an interrupt request.

14 1 Afalling edge in the corresponding IRQ signal indicates interrupt request.

1,3,5,7, |WMn | Wake-up mask 0-7

9,11,13, 0 Not allowed to exit from low-power mode.

15 1 Low-level detection in IRQn allows the MPCB855T to exit or wake up from low-power mode.
16-31 — Reserved, should be cleared.

10.5.4.4 SIU Interrupt Vector Register (SIVEC)

The SIU interrupt vector register (SIVEC) is shown in Figure 10-13. This register is
affected by HRESET and SRESET.

Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field INTC —
Reset XX11  TIXX_XXXX_XXXX
R/W R
Addr (IMMR & OXFFFF0000) + 0x01C

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

Reset XXXX_XXXX_XXXX_XXXX
R/W R
Addr (IMMR & OXFFFF0000) + Ox01E

Figure 10-13. SIU Interrupt Vector Register (SIVEC)
Table 10-12 describes SIVEC fields.
Table 10-12. SIVEC Field Descriptions

Bits | Name Description

0-7 |INTC [Interrupt code. Indicates the highest priority pending interrupt; equals the interrupt number times 4, as
shown in Table 10-7.

8-31 |— Reserved, should be cleared.

SIVEC[INTC] represents the unmasked interrupt source of the highest priority level. When
SIVEC is read as a byte, a branch table can be used in which each entry contains one
instruction (branch). The interrupt code is the interrupt number times 4, which allows
indexing into the table. When read as a half word, each entry can contain afull routine of
up to 256 instructions; see Figure 10-14 and Table 10-7.
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Intr; eee Intr; eee

Save State Save State

R3<- @ SIVEC R3 <- @ SIVEC

R4 <— Base of Branch Table R4 <~ Base of Branch Table

bz Rx, R3 (0) # Load as Byte lhz Rx, R3 (0) # Load as half word

add Rx, Rx, R4 add Rx, Rx, R4

mtspr CTR, Rx mtspr CTR, Rx

betr betr
Base b Routinel Base | 1st Instruction of Routinet |
Base + 4 b Routine2 Base + 400 | 1st Instruction of Routine2 |
Base + 8 b  Routine3 Base + 800 | 1st Instruction of Routine3 |
Base + C b Routine4 Base + C00 | 1st Instruction of Routine4 |
Base + 10 . Base +1000 | . |
Base +n . Base +n | . |

Figure 10-14. Interrupt Table Handling Example

The interrupt to be serviced can be determined by reading SIVEC[INTC]. For example, if
IRQ3, level 3, and IRQ6 interrupts occur simultaneously and IRQ3 is masked, INTC =
O0b0001 1100 (0x1C), indicating that the level 3 interrupt should be handled.

Note that SIVEC[INTC] contains the encoding for a level-7 interrupt (see Table 10-7) by
default, even when no interrupts are pending. Thus, polling SIVEC when all interrupts are
masked returns the level-7 vector. Therefore, the level-7 interrupt vector may indicate a
spurious interrupt in the following cases:

» Polling SIVEC returnsalevel 7 interrupt, but nothing is programmed to interrupt at
level 7.

» Polling SIVEC returns alevel 7 interrupt, but SIPEND[LV 7] is not set (assuming
something is programmed to interrupt at level 7).

10.6 The Bus Monitor

Control of the bus monitor is provided in the SY PCR. The bus monitor ensures that each
bus cycle initiated by the MPC855T terminates within areasonable time. The MPC855T’s
bus monitor does not monitor accesses initiated by external masters. At the start of the
transfer start signal (TS), the monitor begins counting and stops when transfer acknowledge
(TA), retry (RETRY) or transfer error (TEA) is asserted. For burst cycles, thisactionisalso
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performed between subsequent TA assertions for each data beat. If the monitor times out,
the bus monitor terminates the cycle by internally asserting TEA. The programmability of
the timeout alows for a variation in system peripheral response time. The timing
mechanism is clocked by the system clock divided by eight. The maximum value is 2,040
system clocks. The bus monitor is always active when FRZ is asserted or when a debug
mode request is pending, regardless of the state of the SY PCR[BME] bit.

Note that if the bus monitor is disabled, transfer errors do not cause TEA to be asserted.

10.7 Software Watchdog Timer

The SIU provides the software watchdog timer (SWT) option that prevents system lockup
when software getstrapped in loops without a controlled exit. The software watchdog timer
Is enabled after HRESET to automatically generate a HRESET if it times out. If the
software watchdog timer is unneeded, clear SYPCR[SWE] to disable it. If it is used, the
software watchdog timer requires a special service sequence to be executed periodically;
otherwise, the watchdog timer times out and issuesareset or an NMI, which is programmed
by SYPCR[SWRI]. Once SYPCR is written by the software, SY PCR[SWE] cannot be
changed. See Section 10.4.3, “ System Protection Control Register (SYPCR).” To service
the software watchdog timer, follow these steps:

1. Write 0x556C to the software service register. (SWSR)

2. Write OXAA39 to the SWSR.
This sequence clears the watchdog timer and the timing process repeats. If a value other
than Ox556C or OxAA39 is used, the entire sequence must start over. Although the writes
must occur in the correct order before atimeout occurs, any number of instructions may be

executed between the writes. This allows interrupts and exceptions to occur between the
two writes when necessary. See Figure 10-15.

0x556C/Don't reload
Reset

State 0 State 1
Waiting for 0x556C Waiting for 0xAA39

0xAA39/Reload
Not 0x556C/Don’t reload

Not 0xAA39/Don't reload

Figure 10-15. Software Watchdog Timer Service State Diagram

The decrementer begins counting when it isloaded with avalue from the SWTC field. This
value is then loaded into a 16-bit down-counter clocked by the system clock. When
necessary, an additional divide by 2,048 prescaler is used. After the timer reaches 0x0, a
software watchdog expiration request is issued to the reset or NMI control logic. At reset,
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the valuein SWTC is set to the maximum value and is loaded into the software watchdog
down-counter, starting the process.

Although most software disciplines permit or encourage the watchdog concept, some
systems require aselection of timeout periods. For this reason, the software watchdog timer
provides a selectable range for the timeout period. Figure 10-16 shows the method for
handling this need. When a new value is loaded into SWTC, the software watchdog timer
Is not updated until the servicing sequence is written to SWSR. If the SWE hit is loaded
with a zero, the modulus counter will not count.

SWSR
SWTC
Senv Y
ervice
SWE Logic > Reload
i 16-Bit
Down-counter HRESET
Core Clock _| Divide | | Rollover = 0 or NMI
Clock Disable 1 by2,048 = -

T MUX T

> Timeout

Y

FRZ

T

Swp
Figure 10-16. Software Watchdog Timer Block Diagram

10.7.1 Software Service Register (SWSR)

The software service register (SWSR) is the location that the software watchdog timer
servicing sequence writes to. To prevent a SWT timeout, a write of 0x556C followed by
OxAA39 should bewritten to thisregister. The SWSR can bewritten at any time, but returns
all zeros when read. Thisregister is affected by HRESET and SRESET.

Bit ol 1] 2|3 | 4|5 |6 |7 |8 |9 |10]|11|12]|13]14]15
Field SEQ

Reset 0000_0000_0000_0000

RIW W

Addr (IMMR & OxFFFF0000) + OXxO0E

Figure 10-17. Software Service Register (SWSR)
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Table 10-13 describes SWSR fields.
Table 10-13. SWSR Field Descriptions

Bits | Name Description

0-15| SEQ |Sequence. This field is the pattern that is used to control the state of the software watchdog timer.

10.8 The Decrementer

A PowerPC-defined 32-bit decrementing counter supports the decrementer interrupt. In the
MPCB855T, the decrementer is clocked by TMBCLK, so TBSCR[TBE] must be set for the
decrementer to start. The timebase and decrementer counters are driven by TMBCLK:

. 432
dec = (Fympoik)

The state of the decrementer is not affected by HRESET and SRESET, so it should be
initialized by software. Note, however, that it is disabled and reset by PORESET. It
continues counting while HRESET and SRESET are asserted and it is implemented with
the following requirements in mind.
» The decrementer is unaffected when read.
*  When DECJ0] changesfrom 0 to 1, an interrupt request is signaled. If a previous
decrementer interrupt request was made, only one interrupt is reported.

* Explicitly changing DECI[Q] from 0 to 1 in software signals an interrupt request.

A decrementer interrupt is also sent to the power-down wake-up logic, so the core can
waken from power-down mode. A decrementer exception causes a pending interrupt
request in the core, which is cleared automatically when the decrementer interrupt is taken,
Table 10-14 shows some decrementer periods available, assuming a 4-MHz oscillator.

Table 10-14. Decrementer Timeout Values

Count Value Timeout Count Value Timeout
0 1pus 999999 10s
9 10. ps 9999999 10.0s
99 100. ps 99999999 100.0 s
999 1.0ms 999999999 1,000 s
9999 10.0 ms FFFFFFFF (hex) 4,295 s

10.8.1 Decrementer Register (DEC)

The decrementer register (DEC) is an SPR as defined in the PowerPC architecture. It can
be read or written to by mfspr or mtspr. DEC is powered by KAPWR and continues
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counting when KAPWR is applied. Control of the decrementer is provided in the TBSCR.
The decrementer and timebase use TMBCLK. Notethat DEC isakeyed register. It must be
unlocked in TBK before it can be written.

Bit 0 1 2 3 4 5 6 7 8 9 30 31
Field DEC
Reset —
R/W R/W
SPR 22

Figure 10-18. Decrementer Register (DEC)

Table 10-15 describes the DEC register.
Table 10-15. DEC Field Descriptions

Bits | Name Description

0-31 |DEC | Decrementer. These bhits are used by a down counter to cause decrementer interrupts. Reading DEC
always returns the current count value from the down counter.

10.9 The Timebase

The timebase is a 64-bit free-running binary counter as defined in the PowerPC
architecture. For the MPC855T, thetimebase is clocked by TMBCLK. Thetimebase period
isasfollows:

64
T 2

™~ Fimbelk

Thetimebaseisunaffected by HRESET and SRESET and should beinitialized by software.
Note, however, that it is disabled and reset by PORESET. The entire timebase cannot be
accessed with asingle instruction; mttb and mftb accessthe lower half of the timebase and
mttbu and mftbu access the upper half. A maskable interrupt is generated when the
timebase count reaches a value programmed in one of the reference registers, TBREFA and
TBREFB; two status bits indicate which one caused the interrupt.

10.9.1 Timebase Register (TBU and TBL)

The timebase register (TB) holds a 64-bit integer that is incremented periodicaly. It is
implemented in two parts, time base upper and time base lower (TBU and TBL). Thereis
no automatic initialization of TB, therefore, system software must perform this
initialization. The contents of TB can be written by mtspr and read by mftb or mftbu
instruction. Figure 10-19 shows TBU. Note that the TBU and TBL are keyed registers.
They must be unlocked in TBK before they can be written.
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Bit 0 1 2 3 4 5 6 7 8 9 30 31
Field TBU
Reset —
R/W R/W
SPR 269 (Read)/285 (Write)

Figure 10-19. Timebase Upper Register (TBU)

Table 10-16 describes TBU fields.
Table 10-16. TBU Field Descriptions

Bits Name Description

0-31 |TBU Timebase upper. The value in this field is used as an upper part of the timebase counter.

Figure 10-20 shows TBL.

Bit 0 1 2 3 4 5 6 7 8 9 30 | 31
Field TBL
Reset —
R/W R/W
SPR 268 (Read)/284 (Write)

Figure 10-20. Timebase Lower Register (TBL)

Table 10-17 describes TBL fields.
Table 10-17. TBL Field Descriptions

Bits | Name Description

0-31 |TBL Timebase lower. The value in this field is used as the lower part of the timebase register.

10.9.2Timebase Reference Registers (TBREFA and
TBREFB)

TBREFA and TBREFB are associated with TBL. When the contents of TBL matches a
reference register, a reference event is signaled in TBSCR[REFA] or TBSCR[REFB].
These events can generate interrupts, if enabled. Note that TBREFA and TBREFB are

keyed registers. They must be unlocked in TBREFAK and TBREFBK before they can be
written.
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Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field TBREFA/TBREFB
Reset —
R/W R/W
Addr TBREFA (IMMR & OxFFFF0000) + 0x204/TBREFB (IMMR & OxFFFF0000) + 0x208
Bit 16 17 18 19 20 21 22 23 24 | 25 | 26 27 28 | 29 | 30 31
Field TBREFA/TBREFB
Reset —
R/W R/W
Addr TBREFA (IMMR & OxFFFF0000) + 0x206/TBREFB (IMMR & OxFFFF0000) + 0x20A

Figure 10-21. Timebase Reference Registers (TBREFA and TBREFB)

These registers are affected by HRESET but are not affected by SRESET. Table 10-18
describes TBREFA/TBREFB fields.

Table 10-18. TBREFA/TBREFB Field Descriptions

Bits Name Description
0-31 TBREFA Timebase reference A. Represents the 32-bit reference value for TBL.
0-31 TBREFB Timebase reference B. Represents the 32-bit reference value for TBL
10.9.3 Timebase Status and Control Register (TBSCR)

The timebase status and control register (TBSCR) controls the timebase count enable and

interrupt

generation. It isalso isused for reporting the interrupt sources, and it can be read

at any time. Status bits are cleared by writing ones; writing zeros has no effect. Note that
TBSCR isakeyed register. It must be unlocked in TBSCRK before it can be written.

Bt |0 | 1|2 |3 |4|5)|6]|7]| 8 9 (10|11 12 13 | 14 | 15
Field TBIRQ REFA|REFB| — REFAE | REFBE | TBF | TBE
Reset 0000_0000_0000_0000

RIW RIW

Addr (IMMR & OxFFFF0000) + 0x200

Figure 10-22. Timebase Status and Control Register (TBSCR)
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Thisregister isaffected by HRESET but is not affected by SRESET. Table 10-19 describes
TBSCR fields.

Table 10-19. TBSCR Field Descriptions

Bits Name Description

0-7 TBIRQ | Timebase interrupt request. Determines interrupt priority level of the timebase. To specify a certain
level, the appropriate bit should be set.

8 REFA | Reference interrupt status. If set, indicates that a match was detected between the corresponding
reference register (TBREFA for REFA and TBREFB for REFB) and the TBL. REFA and REFB are

9 REFB | cleared by writing ones.

10-11 |— Reserved, should be cleared.

12 REFAE | Reference interrupt enable. If asserted, the timebase generates an interrupt on assertion of REFA or
REFB. Otherwise, the interrupt is disabled.

13 REFBE

14 TBF Timebase freeze enable

0 The timebase and decrementer are unaffected.
1 The FRZ signal stops the timebase and decrementer.

15 TBE Timebase enable
0 Disables timebase and decrementer operation.
1 Enables timebase and decrementer operation.

10.10The Real-Time Clock

The real-time clock is a 45-hit counter, clocked by PITRTCLK, to provide time-of-day to
the operating system and application software. The counter is not affected by HRESET,
SRESET, or PORESET and operates in all low-power modes. It must be initialized by
software. The real-time clock can be programmed to generate a maskable interrupt when
the time value matches the value programmed in the associated alarm register. It can also
be programmed to generate an interrupt once each second. A control and status register is
used to selectively enable or disable functions and report the interrupt source. Thereal-time
clock registers (RTCSC, RTC, RTSEC, and RTCAL) can be protected (locked) from
accidental writes after PORESET through the use of key registers (RTCSCK, RTCK,
RTSECK, and RTCALK), which are described in Section 10.4.5, “Register Lock
Mechanism.” To unlock aregister, write the key word Ox55CC_AA33 to the key registers.

Note that the real-time clock will count in seconds only if PITRTCLK is supplied by a
32.768 KHz or 38.4 KHz source.
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Clock

The Real-Time Clock

o SEC

FRZ

¢ RTSEC ™ Interrupt
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! |

32-Bit Register

Figure 10-23. Real-Time Clock Block Diagram

10.10.1Real-Time Clock Status and Control Register

(RTCSC)

The real-time clock status and control register (RTCSC) is used to enable the different
real-time clock functions and for reporting interrupt sources. Status bits are cleared by
writing ones; writing zeros has no effect. Note that RTCSC is a keyed register; it must be
unlocked in RTCSCK before it can be written.

Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field RTCIRQ SEC | ALR| — | 38K | SIE | ALE | RTF | RTE
Reset 0000_0000 0 0 0 — 0 0 0 —
R/W R/W
Addr (IMMR & OxFFFF0000) + 0x220

Figure 10-24. Real-Time Clock Status and Control Register (RTCSC)

Thisregister is affected by HRESET and SRESET. Table 10-20 describes RTCSC fields.

Table 10-20. RTCSC Field Descriptions

Bits Name Description

0-7 RTCIRQ | Real-time clock interrupt request. These bits control the real-time clock’s internal interrupt priority
level.

8 SEC Once-per-second interrupt. Set every second; should be cleared by software.

9 ALR Alarm interrupt. Status bit set when the value of the real-time clock equals the value in RTCAL.

10 — Reserved, should be cleared.

11 38K Real-time clock source select. Software must set 38K for the proper timing of a second.
0 Assumes that PITRTCLK is driven by a 32.768-KHz crystal
1 Assumes that PITRTCLK is driven by a 38.4-KHz crystal.

12 SIE Seconds interrupt enable. If set, the real-time clock generates an interrupt when SEC is set.
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Table 10-20. RTCSC Field Descriptions (continued)

Bits Name Description
13 ALE Alarm interrupt enable. If set, the real-time clock generates an interrupt when ALR is set.
14 RTF Real-time clock freeze enable

0 The real-time clock is unaffected by the FRZ signal.
1 The FRZ signal stops the real-time clock.

15 RTE Real-time clock enable. If set, real-time clock timers are enabled.

10.10.2Real-Time Clock Register (RTC)

The 32-bit real-time clock register (RTC) contains the current value of the real-time clock.
The maximum value is approximately 136 years. Note that RTC isakeyed register. It must
be unlocked in RTCK before it can be written.

Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field RTC
Reset —
R/W R/W
Addr (IMMR & OxFFFFO000) + 0x224
Bit 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field RTC
Reset —
R/W R/W
Addr (IMMR & OxFFFF0000) + 0x226

Figure 10-25. Real-Time Clock Register (RTC)

Thisregister isnot affected by HRESET but is affected by SRESET. Table 10-21 describes
the RTC.
Table 10-21. RTC Field Description

Bits | Name Description

0-31 |RTC Real-time clock. Represents time measured in seconds. Each unit represents one second.

10.10.3Real-Time Clock Alarm Register (RTCAL)

The real-time clock alarm register (RTCAL) is an adarm reference register. When RTC
increments to the value stored in this register, an alarm interrupt is generated. Note that
RTCAL isakeyed register. It must be unlocked in RTCALK before it can be written.
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Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field ALARM
Reset —
R/W R/W
Addr (IMMR & OxFFFF0000) + 0x22C
Bit 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field ALARM
Reset —
R/W R/W
Addr (IMMR & OxFFFF0000) + Ox22E

Figure 10-26. Real-Time Clock Alarm Register (RTCAL)

Thisregister isnot affected by HRESET or SRESET. Table 10-22 describes RTCAL fields.

Table 10-22. RTCAL Field Descriptions

Bits | Name

Description

0-31 |ALARM

Alarm reference counter. Indicates that an alarm interrupt will be generated this field matches
corresponding RTC bits. The alarm has a 1-second resolution.

10.10.4Real-Time Clock Alarm Seconds Register (RTSEC)

RTSEC, shown in Figure 10-27, is a down-counter that decrements once per PITRTCLK
tick. Note that RTSEC is akeyed register. It must be unlocked in RTSECK beforeit can be

written.

Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field COUNTER —
Reset —

R/W R/W
Addr (IMMR & OxFFFF0000) + 0x228

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

Reset —

R/W R/W
Addr (IMMR & OxFFFF0000) + 0x22A

Figure 10-27. Real-Time Clock Alarm Seconds Register (RTSEC)

Thisregister is not affected by HRESET but is affected by SRESET. Table 10-23 describes
RTSEC fields.
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Table 10-23. RTSEC Field Descriptions

Bits Name Description

0-13 |COUNTER | Counter bits (fraction of a second). Bit 13 is always the Isb of the count. It either resets at 8192
or at 9600, as programmed.

14-31 | — Reserved; should be cleared.

Under normal conditions (RTCSC[38K] = 0), PITRTCLK isassumed to be 8192 Hz (4.192
MHz/512 or 32.768 KHz/4). When RTSEC counts down to zero, RTC is incremented.
Thus, RTC containsthe timein seconds and RTSEC functions asadivider. For a38.4-KHz
crystal (instead of 32.768 KHz), RTCSC[38K] should be set to make RTSEC reset every
9600 ticks instead of 8192.

10.11Periodic Interrupt Timer (PIT)

ThePIT, shownin Figure 10-28, consists of a 16-bit counter clocked by aPITRTCLK clock
supplied by the clock module. The PIT is not affected by HRESET and RESET; however,
it isdisabled and reset by PORESET. It decrements to zero when loaded with a value from
the PIT count register (PITC) and after the timer reaches zero, PSis set and an interrupt is
generated if PIE is a 1. At the next input clock edge, the PITC vaue is loaded into the
counter and the process repeats. When anew valueisloaded into PITC, the PIT is updated,
the divider is reset, and the counter starts counting. If the PS bit is set, an interrupt is
generated at the interrupt controller that remains pending until PSis cleared. If PSis set
again, before being cleared, the interrupt remains pending until PSis cleared. Any write to
PITC stops the current countdown and the count resumes with anew valuein the PITC. If
the PTE bit is not set, the PIT is unable to count and retains the old count value. Reading
the PIT does not affect it.

PTE PITC
Y Y
PlTRI)%;:i 7 D(i;slzgl(e Modu|1u63-EC’)i<t)unter PS
! DT
FRZ nterrup
’7

PIE

Figure 10-28. Periodic Interrupt Timer Block Diagram

The time-out period is calculated as follows:

Solving this equation using a 32.768-KHz external clock gives:
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PIT _PITC+1_ PITC + 1
period Fpitrtclk (ExternaICIock)+4
1 or 128
. PITC + 1
PlTperiod = ——é-Tg'é'—

This gives arange from 122 us (PITC = 0x0000) to 8 seconds (PITC = OXFFFF).

10.11.1Periodic Interrupt Status and Control Register
(PISCR)

The periodic interrupt status and control register (PISCR), shown in Figure 10-29, contains
the interrupt request level and status bits. It aso controls the 16 bits to be loaded in a
modulus counter. Note that PISCR is a keyed register. It must be unlocked in PISCRK
before it can be written.

Bit o| 1|2 ]| 3|4|5 |6 |7 |8 |9 |10|11]|12]13]|14]15
Field PIRQ PS — PIE | PITF | PTE
Reset 0000_0000_0000_0000

RIW RIW

Addr (IMMR & OxFFFF0000) + 0x240

Figure 10-29. Periodic Interrupt Status and Control Register (PISCR)

Thisregister isaffected by HRESET but is not affected by SRESET. Table 10-24 describes
PISCR fields.

Table 10-24. PISCR Field Descriptions

Bits Name Description

0-7 PIRQ | Periodic interrupt request level. Configures internal interrupt levels for periodic interrupts. Figure 10-7
shows interrupt request levels.

8 PS Periodic interrupt status. Can be cleared by writing a 1 to it (zero has no effect).
0 The PIT is unaffected.
1 The PIT has issued an interrupt.

9-12 — Reserved, should be cleared.

13 PIE Periodic interrupt enable
0 Disables the PS bhit.
1 Enables the PS bit to generate an interrupt.
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Table 10-24. PISCR Field Descriptions (continued)

Bits | Name Description

14 PITF PIT freeze enable
0 The PIT is unaffected by the FRZ signal.
1 The FRZ signal stops the PIT.

15 PTE Periodic timer enable
0 The PIT is disabled.
1 The PIT is enabled.

10.11.2PIT Count Register (PITC)

PITC, shown in Figure 10-30, contains a 16-hit value to be loaded into the periodic
interrupt down counter. Note that PITC is a keyed register. It must be unlocked in PITCK
before it can be written.

Bit o| 1| 2|3 |4|5 |6 |7 |8 |9 |10]|11|12]|13]14]15
Field PITC

Reset —

RIW RIW

Addr (IMMR & OXxFFFF0000) + 0x244

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

Reset 0000_0000_0000_0000

RIW RIW

Addr (IMMR & OXFFFF0000) + 0x246

Figure 10-30. PIT Count Register (PITC)

Thisregister is not affected by HRESET or SRESET. Table 10-25 describes PITC fields.
Table 10-25. PITC Field Descriptions

Bits | Name Description

0-15 |PITC |PIT count. Contains the count for the periodic timer. Setting this field to OxFFFF selects the maximum
count period.

16-31 |— Reserved, should be cleared.

10.11.3PIT Register (PITR)

The PIT register (PITR) isaread-only register that shows the current value in the periodic
interrupt down counter. Writesto PITR do not affect it; reads do not affect the counter.
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Bit 0 1 2 3 4 5 6 7 8 9 | 10 | 11 | 12 | 13 | 14 | 15
Field PIT
Reset —
R/W R
Addr (IMMR & OxFFFF0000) + 0x248
Bit 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
Field —
Reset
R/W R
Addr (IMMR & OxFFFF0000) + 0x24A
Figure 10-31. PIT Register (PITR)
Table 10-26 describes PITR fields.

Table 10-26. PITR Field Descriptions

Bits | Name Description

0-15 |PIT Periodic interrupt timing count. Holds the current count remaining for the periodic timer. Writes do not
affect PIT.

16-31 |— Reserved, should be cleared.

10.12General SIU Timers Operation

The following sections provide detailed information on the operation of the SIU timers.

10.12.1Freeze Operation

The external FRZ signal is asserted as a result of entry into debug mode, or as a result of
actions performed by a software monitor debugger as described in Section 44.4.1, “Freeze
Indication.” When the FRZ signal is asserted, the clocks to the software watchdog, PIT,
real-time clock, timebase counter, and decrementer can be disabled. This is controlled by
the associated bits in the control register of each timer. If they are programmed to stop
counting when FRZ is asserted, the counters maintain their values until FRZ isnegated. The
bus monitor, however, will be enabled regardless of this signal’s state.

10.12.2Low-Power Stop Operation

When the MPC8xx coreis set in alow-power mode (doze, sleep, deep slegp), the software
watchdog timer isfrozen. It remainsfrozen and maintainsits count value until the core exits
thismode and continuesto execute instructions. The PIT, decrementer, and timebase are not
affected by low-power modes and continue to run at their respective frequencies. These
timers can generate an interrupt to bring the MPC855T out of the low-power modes.
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Reset

The reset block has reset control logic that determines the cause of reset, synchronizesit if
necessary, and resets the appropriate logic modules. The memory controller, system
protection logic, interrupt controller, and parallel 1/0 signals are initialized only on hard
reset. Soft reset initializes the internal logic while maintaining the system configuration.
The system configuration includesthe SIU pin configuration, the parallel I/O configuration,
and the memory controller configuration. Table 11-1 shows the reset responses of the

MPC855T.

Table 11-1. MPC855T Reset Responses

Reset Effect

Reset Source Reset Logic System . Clock ORESET Debug Oth_er;ntern_al SRESET
and PLL Configuration+ | Module Driven Port Logic“Config Driven
States Reset Reset Reset Config Reset
Power-on reset Yes Yes Yes Yes Yes Yes Yes
External hard reset, No
loss-of-lock, software
watchdog, checkstop,
debug port hard reset
JTAG reset, external No No No

soft reset, debug port
soft reset

Lincludes SIU pin configuration, the parallel I/O configuration and the memory controller configuration
2Includes all other CPM and core logic not explicitly noted elsewhere in the table

11.1 Types of Reset

The MPCB855T has several sources of input to the reset logic:

* Power-on reset

e Externa hard reset

e Internal hard reset
— Lossof lock
— Software watchdog reset
— Checkstop reset
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— Debug port hard reset
o JTAG reset
» External soft reset
* Internal soft reset

— Debug port soft reset

All of these reset sources are fed into the reset controller and, depending on the source of
thereset, different actions are taken. The reset statusregister reflectsthe last sourceto cause
areset.

11.1.1 Power-On Reset

Power-on reset of the MPC855T is accomplished through the PORESET input signal. The
PORESET signal must be externally asserted following initial power-up, or when the
keep-alive power (KAPWR) voltage falls below the minimum required for proper system
operation in systems providing a power-down mode. When PORESET is asserted the
MODCK bhits are sampled to configure SCCR[RTDIV] and SCCR[RTSEL]. The
phase-locked loop multiplication factor is configured for default operation in the PLPRCR
register. When PORESET is negated, the MODCK values are sampled and internaly
latched. To ensure proper operation, PORESET should be asserted for a minimum of 3 ps.
After sampling the assertion of PORESET, the MPC855T enters the power-on reset state
and stays there until both of the following events occur:

» Theinternal PLL entersthelock state and the system clock is active.
* PORESET is negated.

After the negation of PORESET or PLL lock, the core enters the state of internal initiated
HRESET and continues driving both HRESET and SRESET for 512 clock cycles. After
512 cycles elapse, the MPC855T's configuration is sampled from the data signals and the
core stops internally asserting both HRESET and SRESET. To ensure prompt negation,
external pull-up resistors should be provided to drive HRESET and SRESET high. After
HRESET and SRESET areinternally negated, a 16-cycle period passes before the presence
of an external (hard/soft) reset will be sampled. See Section 11.3.1, “Hard Reset,” for more
information.

11.1.2 External Hard Reset

The hard reset (HRESET) signal is a bidirectional, active low, open-collector I/O signal.
The MPCB855T can only sample an external assertion of HRESET if it occurs while the
MPCB855T isnot internally asserting HRESET. While HRESET isasserted, SRESET isaso
asserted.
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11.1.3 Internal Hard Reset

When the core initiates a hard reset it asserts the HRESET and SRESET signals for 512
cycles. After 512 clock cycles the data signals are sampled, initial configuration is
established, and the core stops driving the HRESET and SRESET signals. Following the
negation of HRESET and SRESET a 16-cycle period passes before an external hard or soft
reset will be sampled. Note that external pull-up resistors should be provided to drive
HRESET and SRESET high. See Section 11.3.1, “Hard Reset,” for more information.

The causes of internal hard reset are as follows:
* PLL lossof lock
» Software watchdog reset
» Checkstop reset
» Debug port hard reset

Thefollowing sections describe the eventsthat can initiate an internal assertion of HRESET
and SRESET.

11.1.3.1 PLL Loss of Lock

If the PLL experiences a loss of lock erroneous external bus operation may occur.
Erroneous operation can also occur if deviceswith a PLL use the core CLKOUT signal as
adriver. If PLPRCR[LOLRE] = 1 and a PLL loss-of-lock event occurs, an internal hard
reset sequence is generated. See Section 14.6.2, “PLL, Low-Power, and Reset Control
Register (PLPRCR).”

NOTE

ThePLL lossof lock detection does not have a specification for
the detection threshold. Therefore it should used solely as a
debug tool and not in production systems. Characterization of
the threshold value over temperature and operating voltages
has shown that the threshold can be triggered when clock out
to clock in phase differencesis 1.8 ns or more.

11.1.3.2 Software Watchdog Reset

When the core watchdog counter decrements to zero, a software watchdog reset is asserted
generating an internal hard reset sequence. Note that thisis the default response; that is, an
NMI to the core can be issued instead of a hard reset, and the timer can be disabled. See
Section 10.7, “ Software Watchdog Timer.”
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11.1.3.3 Checkstop Reset

If the core enters a checkstop state and PLPRCR[CSR] = 1, the checkstop reset is asserted
generating an internal hard reset sequence. See Section 14.6.2, “PLL, Low-Power, and
Reset Control Register (PLPRCR).”

11.1.4 Debug Port Hard or Soft Reset

When the development port receives a hard or soft reset request from a development tool,
an internal hard or soft reset sequence is generated. The development tool must reconfigure
the debug port following areset event. See Section 44.3.2.1.2, “ Development Serial Data
In (DSDI).”

11.1.5 JTAG Reset

When the JTAG logic asserts the JTAG reset signal, an internal soft reset sequence is
generated.

11.1.6 Power-On and Hard Reset Sequence

Figure 11-1 shows the reset sequence following a power-on or internal or external hard
reset event.

Power-On
Reset

¢ Sample MODCK pins and initialize clocks

Power On * HRESET and SRESET are asserted

PORESET is Negated and PLL Lock

Internally
Initiated
HRESET

® HRESET and SRESET assert
® The time counter is set to 512

Internal or External
HRESET Asserted

Timer Expires (After 512 Clocks)

® Sample configuration from data pins
® Negate HRESET and SRESET
® Wait for 16 clocks

External HRESET
Asserted

16 Clocks Expire
® Test for HRESET or SRESET

Start Normal Operation
(From system reset interrupt exception vector)

Figure 11-1. Power-On and Hard Reset Sequence
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11.1.7 External Soft Reset

When an external SRESET isasserted, the core startsdriving the SRESET signal. After 512
clock cyclesthe debug port configuration is sampled from the DSDI and DSCK signalsand
the core stops driving the SRESET signal. Once the core negates SRESET 16 clock cycles
must elapse before the external soft reset signal is again sampled.

The soft reset (SRESET) signal isalso abidirectional, active low, open-collector 1/O signal.
The MPCB855T can detect an external assertion of SRESET only if it occurs while the
MPCB855T isnot internally asserting HRESET or SRESET.

11.1.8 Internal Soft Reset

The JTAG and debug ports can initiate an internal soft reset, resulting in the assertion of the
SRESET signal. After 512 cycles, the core negates SRESET and the debug port
configuration is sampled from the DSDI and DSCK signals. Once the core negates
SRESET, 16 clock cycles must elapse before the external soft reset signal is sampled.

11.1.9 Soft Reset Sequence

Figure 11-2 shows the reset sequence following an internal or external soft reset event.

Internal or external Internal initiated ® SRESET assert
SRESET asserted SRESET * The time counter is set to 512

Timer expires (after 512 clocks)

® Sample debug port configuration from DSDI and DSCK pins
* Negate SRESET
® Wait for 16 clocks

16 clocks expire

& DSCK high External SRESET still asserted

16 clocks expire
& DSCK low

Test for
HRESET or
SRESET

® DSDI is sampled to determine

clocked or self-clocked mode Start normal execution_
(From system reset interrupt exception vector)

Figure 11-2. Soft Reset Sequence

11.2 Reset Status Register (RSR)

The 32-bit reset status register (RSR) is powered by the keep alive power supply. It is
memory-mapped into the MPC855T system interface unit register map and recelves its
default reset values at power-on reset. This register is aso effected by HRESET and
SRESET.
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Bit 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15
Field |EHRS|ESRS|LLRS | SWRS |CSRS|DBHRS | DBSRS | JTRS —

Reset 1100_0000_0000_0000

R/W R/W

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

reset 0000_0000_0000_0000

riw R/W

Figure 11-3. Reset Status Register (RSR)

The RSR bitsare described in Table 11-2 Notethat the bitsin thisregister (except those that
are reserved) are cleared by writing ones; writing zeros has no effect.

Table 11-2. Reset Status Register Bit Settings

Bits Name Description

0 EHRS External hard reset status. Set by a power-on reset. When an external hard reset event is detected,
EHRS is set and remains set until software clears it.

0 No external hard reset event occurred.

1 An external hard reset event occurred.

1 ESRS External soft reset status. Set by a power-on reset. When an external soft reset event is detected,
ESRS is set and remains set until software clears it.

0 No external soft reset event occurred.

1 An external soft reset event occurred.

2 LLRS Loss-of-lock reset status. Cleared by a power-on reset. When a loss-of-lock event (enabled by
PLPRCR[LOLRE]) is detected, LLRS is set and remains set until software clears it.

LLRS is affected only by an unintentional loss of lock due to a hardware-related issue. A
software-initiated loss of lock, such as changing PLPRCR[MF] or entering deep-sleep or
power-down mode, does not affect LLRS.

0 No enabled loss-of-lock reset event occurred.

1 An enabled loss-of-lock reset event occurred.

3 SWRS Software watchdog reset status. Cleared by a power-on reset. When a software watchdog expire
event occurs, SWRS is set and remains set until software clears it.

0 No software watchdog reset event occurred.

1 A software watchdog reset event occurred.

4 CSRS Check stop reset Status. Cleared by a power-on reset. When the core enters the checkstop state
and the checkstop reset is enabled by PLPRCR[CSR], CSRS is set and remains set until software
clears it.

0 No enabled checkstop reset event occurred.

1 An enabled checkstop reset event occurred.

5 DBHRS | Debug port hard reset status. Cleared by a power-on reset. When the debug port hard reset
request is set, DBHRS is set and remains set until software clears it.

0 No debug port hard reset request occurred.

1 A debug port hard reset request occurred.
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Table 11-2. Reset Status Register Bit Settings (continued)

Bits Name Description

6 DBSRS | Debug port soft reset status. Cleared by a power-on reset. When the debug port soft reset request
is set, DBSRS is set and remains set until software clears it.

0 No debug port soft reset request occurred.

1 A debug port soft reset request occurred.

7 JTRS JTAG reset status. Cleared by a power-on reset. When the JTAG reset request is set, this bit is set
and remains set until software clears it.

0 No JTAG reset event occurred.

1 A JTAG reset event occurred.

8-31 |[— Reserved and should be cleared.

11.3 MPCB855T Reset Configuration

When a hard reset event occurs, the MPC855T reconfigures both its internal hardware and
the development port. A soft reset is used to reconfigure the development port without
changing the MPCB855T’s internal machine state. The following sections describe the
configuration of the MPC855T using hard and soft reset events.

11.3.1 Hard Reset

When a hard reset event occurs, the MPC855T determinesitsinitial mode of operation by
sampling the values present on the data bus (D[0-31]) or from an internal default constant
(D[0-31] = 0x00000000). If the RSTCONF signal is asserted at sampling time, the
configuration is sampled from the data bus. If the RSTCONF signal is negated the internal
default value is selected. While HRESET and RSTCONF are asserted, the MPC855T
weakly pulls the data bus low, and the desired configuration is selected by driving the
appropriate bits high as shown in Figure 11-4.

Figure 11-4 shows atypical data bus configuration input circuit.
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Configuration g7
Word MUX

DX (Data LineL/I T

I <
MPC855T I

L4 HRESET

A

RSTCONF

NOTE: The value of the internal pulldown resistor is not specified or guaranteed.

Figure 11-4. Data Bus Configuration Input Circuit

The configuration of the MPC855T following the assertion of PORESET is shown in
Figure 11-5 through Figure 11-7 While the PORESET input signal is being asserted, the
core assumes the default reset configuration (0x0000_0000). When PORESET is negated
or the CLKOUT signal begins oscillation, the hardware configuration is sampled from the
data bus every nine clock cycles on the rising edge of CLKOUT. The setup time required
for the databusis 15 cycles and the maximum rise time of HRESET should be less than six
clock cycles. Refer to Section 11.3.2, “ Soft Reset,” for more information.

Figure 11-5 shows a reset operation with a short PORESET signal assertion. Note that the
configuration of the MPCB855T is determined from the signal levels driven on the D[0-31]
signals following the assertion of RSTCONF and the negation of HRESET.
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MPCB855T Reset Configuration

cLKouT UUUUL JUUL
PORESET |

INTPORESET | /
ARESET | a
RSTCONF

<«—TSUP —

o1 (RN T

— Default —»<———————————RSTCONF Controlled ——————— >

Figure 11-5. Reset Configuration Sampling for Short PORESET Assertion

Figure 11-6 shows areset operation with along PORESET signal assertion.

CLKOUT

PORESET

INTPORESET

HRESET

RSTCONF

~<«—TSUP —>~

ojo1]. ——XOCOCROONXXX | —
«——Default —M‘f RSTCONF Controlled -

Figure 11-6. Reset Configuration Sampling for Long PORESET Assertion

Figure 11-7 shows the configuration data sampling timing relative to HRESET and
CLKOUT.
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VIPC855T Reset Configuration

0 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17

TG

| |
Maximum Setup Time of Reset Recognition —4
| | |
[ ] 1
|
|

Sample Data Sample Data Sample Data
Configuration Configuration Configuration

| | | |

| | T 1

HRESET [ [ ! !
T T | |

: : :« Maximum Time of Reset Recogpnition »{ : :

RSTCONF L L T
T T T T T 1

| | | | | |

Data — : Reset Configuration Word > : : H

| | | |

| | |

| |

| |

Figure 11-7. Reset Configuration Sampling Timing Requirements

11.3.1.1 Hard Reset Configuration Word

The hard reset configuration word is sampled from the data bus. These bits determine the
default values of the corresponding bitsin the SSUMCR, IMMR, and MSR.

Bit 0 1| 2 3 4 | 5| 6| 7| 8] 9 |10|11]12]|13]|14] 15
Field |EARB| IIP | BBE |BDIS| BPS — ISB DBGC DBPC EBDF |CLES
Default 0000_0000_0000_0000

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

Field —

Default 0000_0000_0000_0000

NOTE: The default value is due to the internal pull-down resistor on the data bus.
Figure 11-8. Hard Reset Configuration Word

Table 11-3 describes hard reset configuration word fields.
Table 11-3. Hard Reset Configuration Word Field Descriptions

Bits | Name Description

0 EARB External arbitration. If this bit is set, external arbitration is assumed. If it is cleared, internal arbitration is
performed. See Section 10.4.2, “SIU Module Configuration Register (SIUMCR)."

1 P Initial interrupt prefix. Defines the initial value of the MSR[IP] which defines the interrupt @ble location.
If IIP is cleared (default), the MSR][IP] initial value is one; if it is set, the MSR][IP] initial value is zero. See
Section 4.1.2.3.1, “Machine State Register (MSR).”

2 BBE Boot Burst Enable
0 The boot device does not support bursting.
1 The boot device does support bursting.
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MPCB855T Reset Configuration

Table 11-3. Hard Reset Configuration Word Field Descriptions (continued)

Bits | Name Description

3 BDIS Boot disable. If BDIS is set, memory bank 0 is invalid; that is, BRO[V] is cleared. (See Section 15.4.1,
“Base Registers (BRx).")
0 The memory controller is activated after reset so that it matches all addresses.
1 The memory controller is cleared after reset but is not activated.

4-5 |BPS Boot port size. Defines the port size of the boot device as shown in the following chart.
00 32-bit port size.
01 8-bit port size.
10 16-bit port size.
11 Reserved.

6 — Reserved for future use and should be allowed to float.

7-8 |ISB Initial internal space base select. Defines the initial value of the IMMR bits 0-15 and determines the base
address of the internal memory space.
00 0x00000000.
01 OxO00F00000.
10 OxFF000000.
11 OxFFF00000.

9-10 |DBGC Debug pin configuration. Selects the signal function of the following pins:

Pin DBGC =00 DBGC =01 DBGC =10 DBGC =11

IP_B[0-1)/IWP[0-1]/VFLS[0-1] |IP_B[0-1] IWP[0-1] Reserved VFLS[0-1]
IP_B3/IWP2/VF2 IP_B3 IWP2 VF2
IP_B4/LWPO/VFO IP_B4 LWPO VFO
IP_B5/LWP1/VF1 IP_B5 LWP1 VF1
OP2/MODCK1/STS OoP2 STS STS
ALE_B/DSCK/AT1 ALE_B AT1 AT1
IP_B2/IOIS16_B/AT2 IP_B2 AT2 AT2
IP_B6/DSDI/ATO IP_B6 ATO ATO
IP_B7/PTR/AT3 IP_B7 AT3 AT3
OP3/MODCK2/DSDO OP3 OP3 OP3

11- |DBPC Debug port pins configuration. Selects the signal function for the following development port pins:

12

Pin DBPC =00 DBPC =01 DBPC =10 DBPC =11
ALE_B/DSCK/AT1 Defined by DBGC. Reserved DSCK
Note that if DBPC = 11, DBPC

IP_B6/DSDI/ATO overrides DBGC. DSDI
OP3/MODCK2/DSDO DSDO
IP_B7/PTR/AT3 PTR
TCK/DSCK DSCK TCK TCK
TDI/DSDI DSDI TDI TDI
TDO/DSDO DSDO TDO TDO
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RST and Power Mode Considerations

Table 11-3. Hard Reset Configuration Word Field Descriptions (continued)

Bits

Name

Description

13-
14

EBDF

External bus division factor. Defines the frequency division factor between GCLK1/GCLK2 and
GCLK1_50/GCLK2_50. CLKOUT is similar to GCLK2_50. GCLK2_50 and GCLK1_50 are used by the
system interface unit and memory controller to interface with the external system. Refer to Chapter 14,
“Clocks and Power Control” for additional information.

00 Full speed bus

01 Half speed bus

10 Reserved

11 Reserved

15

CLES

Core Little Endian Swap. Defines core access operation following reset.
0 Big Endian
1 Little Endian

11.3.2 Soft Reset

When a soft reset event occurs, the MPC855T reconfigures the development port. See
Section 44.3.1.2, “Entering Debug Mode” and Section44.3.2.3.3, “Selection of
Development Port Clock Mode.”

11.4 TRST and Power Mode Considerations

Note the following when connecting the TRST (test reset) signal:
If both low power mode and the TAP are never used, connect TRST to ground.
If low power mode (or the TAP) is used, connect TRST to PORESET.

If power down mode (the lowest power mode, whereV ppy is disabled) is used,

connect TRST to PORESET through a diode (anode to TRST, cathode to
PORESET).

See also Section 45.6, “Recommended TAP Configuration.”
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Part IV
Hardware Interface

Intended Audience

Part IV is intended for system designers who need to understand how each MPC855T
signal works and how those signals interact.

Contents

Part IV describes external signals, clocking, memory control, and power management of
the MPC855T. It contains the following chapters:

Chapter 12, “External Signals,” provides a detailed description of the external
signals that comprise the MPC855T external interface.

Chapter 13, “External Bus Interface,” describes interactions among signals
described in the previous chapter, including numerous examples and timing
diagrams.

Chapter 14, “Clocks and Power Control,” describes on-chip and externa devices,
including the phase-locked loop circuitry and frequency dividers that generate
programmable clock timing for baud-rate generators, timers, and a variety of
low-power mode options.

Chapter 15, “Memory Controller,” describes the memory controller, which
controlling a maximum of eight memory banks shared between a general-purpose
chip-select machine (GPCM) and a pair of user-programmable machines (UPMSs).

Chapter 16, “PCMCIA Interface,” describes the PCMCIA host adapter module,
which provides al control logic for aPCMCIA socket interface and requires only
additional external analog power switching logic and buffering.
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Suggested Reading

This section lists additional reading that provides background for the information in this
manual.

MPC8xx Documentation

Supporting documentation for the MPC855T can be accessed through the world-wide web
at http://www.motorola.com. This documentation includes technical specifications,
reference materials, and detailed applications notes.

Conventions

This document uses the following notational conventions:

| Bold | Bold entriesin fi _gqr_es_and tables showing registers and parameter
RAM should beinitialized by the user.

mnemonics I nstruction mnemonics are shown in lowercase bold.

italics Italics indicate variable command parameters, for example, bectr x.
Book titlesin text are set in italics.

0x0 Prefix to denote hexadecimal number

(0/0]0) Prefix to denote binary number

REG[FIELD] Abbreviations or acronyms for registers or buffer descriptors are

shown in uppercase text. Specific bits, fields, or numerical ranges
appear in brackets. For example, MSR[LE] refersto thelittle-endian
mode enable bit in the machine state register.

X In certain contexts, such asin asignal encoding or a bit field,
indicates adon’t care.

n Indicates an undefined numerical value

- NOT logica operator

AND logical operator
| OR logical operator
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Acronyms and Abbreviations

Tableii contains acronyms and abbreviations used in this document. Note that the
meanings for some acronyms (such as SDR1 and DSISR) are historical, and the words for
which an acronym stands may not be intuitively obvious.

Table ii. Acronyms and Abbreviated Terms

Term Meaning
BD Buffer descriptor
BIST Built-in self test
BRI Basic rate interface
BUID Bus unit ID
CAM Content-addressable memory
CPM Communications processor module
CRC Cyclic redundancy check
DMA Direct memory access
DPLL Digital phase-locked loop
DRAM Dynamic random access memory
DSISR Register used for determining the source of a DSI exception
EA Effective address
EEST Enhanced Ethernet serial transceiver
GClI General circuit interface
GPCM General-purpose chip-select machine
HDLC High-level data link control
12C Inter-integrated circuit
IDL Inter-chip digital link
IEEE Institute of Electrical and Electronics Engineers
IrDA Infrared Data Association
ISDN Integrated services digital network
JTAG Joint Test Action Group
LIFO Last-in-first-out
LRU Least recently used
LSB Least-significant byte
Isb Least-significant bit
LSU Load/store unit
MAC Multiply accumulate
MMU Memory management unit

Part IV.Hardware Interface



h o
g |

Table ii. Acronyms and Abbreviated Terms (continued)

Term Meaning
MSB Most-significant byte
msb Most-significant bit
MSR Machine state register
NMSI Nonmultiplexed serial interface
osl Open systems interconnection
PCI Peripheral component interconnect
PCMCIA Personal Computer Memory Card International Association
PRI Primary rate interface
Rx Receive
SCC Serial communications controller
SCP Serial control port
SDLC Synchronous data link control
SDMA Serial DMA
Sl Serial interface
SIU System interface unit
SMC Serial management controller
SNA Systems network architecture.
SPI Serial peripheral interface
SPR Special-purpose register
SRAM Static random access memory
TDM Time-division multiplexed
TLB Translation lookaside buffer
TSA Time-slot assigner
TX Transmit
UART Universal asynchronous receiver/transmitter
UISA User instruction set architecture
UPM User-programmable machine
USART Universal synchronous/asynchronous receiver/transmitter
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Chapter 12
External Signals

This chapter contains descriptions of the MPC855T input and output signals, showing
multiplexing, pin assignments, and reset values.

Figure 12-1 shows the signal's grouped by function.
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VDDSYN/VSSSYN/VSSSYN1/

VDDH/VDDL/VSS/KAPWR ——— = 129 R Je—> A0-31]
RxD1/PA15 <€—> l«—>» TSIZ0O/REG
TxD1/PA14 <€—> |€«—> TS|Z1
PA13 <«—— > l«—>»> RW
PA12 €—— > l«—>» BURST
PA11 <€——> ——— > BDIP/GPL_B5
PA1) «— > l«——>» TS
L1TXDA/PA9 <«————»| l«—>» TA
L1RxDA/PAS <«——> l«—>» TEA
TIN1/L1RCLKA/BRGO1/CLK1/PA7 <€—> l«—>» Bl
TOUT1/CLK2/PA6 ~<€—— > <«—>» [RQ2/RSV
TIN2/L1TCLKA/BRGO2/CLK3/PA5 ~<€— 3| l<«—>» IRQ4/KR/RETRY/SPKROUT
TOUT2/CLK4/PA4 <—— > <«— CR/RQ3
TIN3/BRGO3/CLK5/PAS  <€——> 32 |«——— > D[0-31]
TOUT3/CLK6/PA2 <«—— > <«—>» DP[0-3)IRQ[3-6]
TIN4/BRGO4/CLK7/PA1 <€——> l«—>» BR
TOUT4/CLKS/PA0 ~«——> l«—> BG
REJECTI/SPISEL/PB31 -«——> l«——» BB
SPICLK/PB30/RSTRT2 <«——» l<«—>» FRZ/IRQ6
SPIMOSI/PB29 ~<——> «— [RQ[0-1]
BRGO4/SPIMISO /PB28 <«————» l«—— TRQ7
BRGO1/I2CSDA/PB27 <—— > —— > CS[0-5]
BRGO2/I2CSCL/PB26 <«———»| > CS6/CET B
SMTxD1/PB25 <€——> ——— > CS7/CE2_B
SMRxD1/PB24 <«——> ———» WE0/BS_B0/IORD
SMSYNT/SDACK1/PB23 <«——> ——— > WET/BS_B1/IOWR
SMSYN2/SDACK2/PB22 <€— > —————» WE2/BS_B2/PCOE
PHSEL[1)/SMTxD2/PB21 <€——>| ——— > WE3/BS_B3/PCWE
PHSEL[0)/SMRXD2/L1CLKOA/PB20 ~<¢——— 3 L » BS_A[0-3]
L1ST1/RTS1/PB19 <«—— > I » GPL_AO/GPL_BO
L1ST2/PB18 <€«—> ———> OE/GPL_A1/GPL_B1
PHREQ[{]L1ST3/PB17 <> | » GPL_A[2-3)/GPL_B[2-3]/CS[2:3]
PHREQ[0}/L1ST4/L1RQA/PB16 ~<€—— | MPCSE5T UPWAITA/GPL_A4

[«—> UPWAITB/GPL_B4
———» GPL_A5
«—— PORESET
|l«——— RSTCONF
«—>» HRESET
«—>» SRESET
l«——» XTAL
l«—— EXTAL
l«— XFC
—————» CLKOUT
l«—— EXTCLK
> TEXP

Txclav/BRGO3/PB15 <€——3
RSTRT1/PB14 <«—>
Rxclav/L1ST1/RTST/DREQO/PC15 <———»
L1ST2V/DREQ1/PC14 <€—>
L1ST3/PC13 <«——>
L1ST4/L1RQa/PC12 €——>

CTS1/PC11 <«—
TGATE1/CD1/PC10 ~-«—— >

PC9 w«— >

TGATE2/PC8 <a—— >
SDACK2/L1TSYNCB/PC7 <€——>
PC6 «— >

SDACK1/L1TSYNCA/PC5 <€—>
L1IRSYNCA/PC4 <=w—— >

UTPB[0]/ MII-RXD3/L1TSYNCA/PD15 <— 3|
UTPB[1)/ MII-RXD2/L1RSYNCA/PD14 <——|
UTPB[2]/ MII-RXD1/L1TSYNCB/PD13 <€—|
UTPBI[3)/ MI-MDC/PD12 <——»
RXENB/ MI-TX-ERR/PD11 <€—]
TXENB/ MII-RXDO/PD10 <€——————
UTPCLK/MII-TXDO/PD9 <——]
MII-RXCLK/PD8 <—>

UTPB[4)/ MII-RX-ERR/PD7 <€——3
UTPB([5) MIl-RXDV/PD6 <€——>{
UTPB[6]/ MII-TXD3/REJECT2/PD5 <€¢——— 3|
UTPB[7)/ MII-TXD2/REJECT3/PD4 <€¢— >
SOC/MII-TXD1/REJECT4/PD3 ~<€—>
TMS ———

DSDI/TDI —————>

DSCKITCK ————— >

TRST ———— >

DSDO/TDO0 --———|

AS ———»

Figure 12-1. MPC855T External Signals

l«—  |P_A2/IOIS16_A
<« IP_ABRT]
l«—— > ALE_B/DSCK/AT1
l«—— WAIT_B
<> 1P_B[0-1)WP[0-1}VFLS[0-1]
l«— > |P_B2/I0IS16_B/AT2
«— > |P_B3/WP2/VF2
|«— > |P_B4/LWPO/VF0
|«— > |P_B5/LWP1/VF1
l<«— > |P_B6/DSDI/ATO
l«——>» |P_B7/PTR/AT3
——————> OP[0}J/OP[1]
l«——» OP2/MODCK1/STS
<«— > OP3/MODCK2/DSDO
I BADDR30/REG
L > BADDR[28-29]

M b e e e e e e b b b b ek b b e e b e b b ek e b e e e b e e b ek ek e b e e e ek ek e e ek L
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VDDSYN/VSSSYN/VSSSYN1/VDDH/VDDL/VSS/KAPWR ~ ———— | 120 «———1—— T1-VppsyN

RxD1/PA15 <«—>»|1-C18 U1-VSSSYN
TxD1/PA14 <«—>|1-D17 V1-VSSSYN1
PA13 <<«——»|1-E17 F4-VDDH
PA12 <«—»[1-F17 F16
PA11 <«—>» |1-G16 P4
PA10 -—»|1-J17 P16
L1TXDA/PA9 <«—> [1-K18 T14
L1RxDA/PA8 <«—»|1-L17 A8-VppL
TIN1/L1RCLKA/BRGO1/CLK1/PA7 ~<€—— [1-M19 H19
TOUT1/CLK2/PA6 <«—>|1-M17 M1
TIN2/L1TCLKA/BRGO2/CLK3/PA5 ~<«———» [ 1-N18 W8
TOUT2/CLK4/PA4 ~<«——>|1-P19 R1-KAPWR

TIN3/BRGO3/CLK5/PA3 <«—>» |1-P17
TOUT3/CLK6/PA2 <«——>» [1-R18
TIN4/BRGO4/CLK7/PA1 <—»[1-T19
TOUT4/CLK8/PA0 @~ <—>»|1-U19
REJECT1/SPISEL/PB31 <«—»|1-C17
SPICLK/PB30/RSTRT2 <«—» |1-C19
SPIMOSI/PB29 <«——>» [1-E16
BRGO4/SPIMISO/PB28 ~<«——>»|1-D19
BRGO1/I2CSDA/PB27 <«—»|1-E19
BRGO2/I2CSCL/PB26 <«——>» |1-F19
SMTxD1/PB25 <«—»|1-J16

SMRxD1/PB24 <«—>[1-J18
SMSYN1/SDACK1/PB23 <«——>»|1-K17
SMSYN2/SDACK2/PB22 <€—>» |1-L19
PHSEL[1)/SMTxD2/PB21 <€——>|1-K16
PHSEL[0)/SMRxD2/L1CLKOA/PB20 <«———»|1-L16
L1ST1/RTS1/PB19 <«——>» | 1-N19

L1ST2/PB18 <«—— 3> |1-N17
PHREQ[1JL1ST3/PB17 <«———»[1-P18
PHREQ[0}/L1ST4/L1RQA/PB16 <«——» [1-N16
Txclav/BRGO3/PB15 <«——» [1-R17
RSTRT1/PB14 <«———» [1-U18
Rxclav/L1ST1/RTST/DREQO/PC15 <«——» |1-D16
L1ST2V/DREQ1/PC14 <«———»[1-D18
L1ST3/PC13 <«———» |1-E18
L1ST4/L1RQa/PC12 <«——» |1-F18

CTS1/PC11 <«—>|1-J19

TGATE1/CD1/PC10 <«———» [1-K19

PC9 «——»[1-L18

TGATE2/PC8 <«—»|1-M18
SDACK2/L1TSYNCB/PC7 <a«——>»[1-M16

PC6 <«——» [1-R19

SDACK1/L1ITSYNCA/PC5 <a«———»[1-T18
L1IRSYNCA/PC4 <a«——>»|[1-T17

UTPB[0)/ MII-RXD3/L1TSYNCA/PD15 <«——» |1-U17
UTPB[1)/ MII-RXD2/L1IRSYNCA/PD14 <«———|1-V19
UTPB[2)/ MII-RXD1/L1TSYNCB/PD13 <«————]1-V18
UTPB[3) MIl-MDC/PD12 <«———»|1-R16
RXENB/ MII-TX-ERR/PD11 <«————|1-T16
TXENB/ MII-RXDO/PD10 ~————|[1-W18
UTPCLK/MII-TXDO/PD9 ~—a———[1-V17
MII-RXCLK/PD8 <a—»[1-W17

UTPB[4)/ MIl-RX-ERR/PD7 <€———» [1-T15
UTPB[5) MII-RXDV/PD6 <«———»|1-V16
UTPB[6)/ MII-TXD3/REJECT2/PD5 <«———»|1-U15
UTPB[7)/ MII-TXD2/REJECT3/PD4 <«———»|1-U16
SOC/MII-TXD1/REJECT4/PD3 <«— > |1-W16
™S —— > |1-G18

DSDI/TDI —— | 1-H17

DSCK/TCK ———»|1-H16

TRST ———» |1-G19

DSDO/TD0 -=-———|1-G17

AS ———»|1-L3

MPC855T

Figure 12-2. Signals and Pin Numbers (Part 1)
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A0-B19 » 32
A1-B18 B9-1
A2-A18 C9-1
A3-C16 B2-1
A4-B17 F1-1
A5-A17 D2-1
A6-B16 F3-1
A7-A16 C2-1
A8-D15 D1-1
A9-C15 E3-1
A10-B15 H3-1
A11-A15 K1-1
A12-C14 F2-1
A13-B14 DO-W14 ——F———> 32
A14-A14 D1-W12 V3, V5, W4, V4-4
A15-D12 D2-W11 G4-1
A16-C13 D3-W10 E2-1
A17-B13 D4-W13 E1-1
A18-D9 D5-W9 G3-1
A19-D11 D6-W7 V14, U14-2
A20-C12 D7-W6 W15-1
A21-B12 D8-U13 C3, A2, D4, E4, A4, B4-6
A22-B10 D9-T11 D5-1
A23-B11 D10-V11 C4-1
A24-C11 D11-U11 C7-1
A25-D10 D12-T13 A6-1
A26-C10 D13-V13 B6-1
A27-A13 D14-V10 A5-1
A28-A10 D15-T10 D8, C8, A7, B8-4
A29-A12 D16-U10 D7-1
A30-A11 D17-T12 C6-1
A31-A9 D18-V9 B5, C5-2
D19-U9 C1-1 1
D20-V8 MPC8S5T g4 |
D21-U8 D3-1
D22-T9 R2-1
D23-U12 P3-1
D24-V7 N4-1
D25-T8 P2-1
D26-U7 P1-1
D27-V12 N1-1
D28-V6 T2-1
D29-W5 W3-1
D30-U6 N2-1
D31-T7 N3-1
K2-1
B3-1
A3-1
R3-1
T5,T4-2
U3-1
W2, U4, U5, T6, T3-5
J1-1
MI_CRS —— »|B7-1 R4-1
H2, J3-2
Mi_coL ———»[H4-1 -1
MI_MDIO -«———»{H18-1 G1-1
MII_TX_EN €*———— |V15-1 (jiJ
K31
H1-1
L4,12-2
L1-1
M4-1
K41
M3, M2-2

Al0-31]
TSIZOREG

TSIZ1

RW

BURST
BDIP/GPL_B5

TS

TA

TEA

BI

IRQ2/RSV
TRQ4/KR/RETRY/SPKROUT
CR/IRQ3

D[0-31]
DP[0-3)1RQ[3-6]
BR

BG

BB

FRZRQ6
TRQ[0-1]

IRQ7

CS[0-5]
CS6/CE1_B
CS7/[CE2_B
WEO/BS_B0/IORD

WE1/BS_B1/IOWR

WE?2/BS_B2/PCOE
WEB/BS_B3/PCWE
BS_A[0-3]
GPL_A0/GPL_BO
OE/GPL_A1/GPL_B1
GPL_A[2-3]/GPL_B[2-3]/CS[2-3]
UPWAITA/GPL_A4
UPWAITB/GPL_B4
GPL_A5

PORESET
RSTCONF

HRESET

SRESET

XTAL

EXTAL

XFC

CLKOUT

EXTCLK

IP_A2/I0IST6_A

W2-1P_A3
ALE_B/DSCK/AT1 Bg—: E_ﬁ‘s‘
WAL B T6-IP_A6
IP_B[0~1)/WP[0-1)/VFLS[0~1] T3P A7
IP_B2/I0IS16_B/AT2 -
IP_B3/WP2/VF2

IP_B4/LWPO/VFO

IP_B5/LWP1/VF1

IP_B6/DSDI/ATO

|P_B7/PTR/AT3

» L4—OPO

OP2/MODCK1/5TS L2-OP1

OP3/MODCK2/DSDO
BADDR30/REG
BADDR[28-29]

Figure 12-3. Signals and Pin Numbers (Part 2)
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System Bus Signals

12.1 System Bus Signals

The MPC855T system bus consists of al signals that interface with the external bus. Many
of these signals perform different functions, depending on how the user assigns them. The
input and output signalsin Table 12-1 are identified by their abbreviation.

Table 12-1. Signal Descriptions

Hard o
Name Reset Number Type Description

AJ0-31] Hi-Z See Figure | Bidirectional | Address Bus—Provides the address for the current bus
Three-state | cycle. AO is the msb. The bus is output when an internal
master starts a transaction on the external bus. The bus
is input when an external master starts a transaction on
the bus.

TSIZ0 Hi-Z B9 Bidirectional | Transfer Size 0—When accessing a slave in the

REG Three-state | external bus, used (together with TSIZ1) by the bus
master to indicate the number of operand bytes waiting
to be transferred in the current bus cycle. TSIZO0 is an
input when an external master starts a bus transaction.
Register—When an internal master initiates an access
to a slave controlled by the PCMCIA interface, REG is
output to indicate which space in the PCMCIA card is
accessed.

TSIZ1 Hi-Zz C9 Bidirectional | Transfer Size 1—Used (with TSIZ0) by the bus master
Three-state | to indicate the number of operand bytes waiting to be
transferred in the current bus cycle. The MPC855T
drives TSIZ1 when it is bus master. TSIZ1 is input when
an external master starts a bus transaction.

RD/WR Hi-Zz B2 Bidirectional | Read/Write—Driven by a bus master to indicate the
Three-state | direction of the data transfer. A logic one indicates a
read from a slave device and a logic zero indicates a
write to a slave device.

The MPCB855T drives this signal when it is bus master.
Input when an external master initiates a transaction on
the bus.

BURST Hi-Zz F1 Bidirectional | Burst Transaction—Driven by the bus master to indicate
Three-state | that the current initiated transfer is a burst. The
MPCB855T drives this signal when it is bus master. This
signal is input when an external master initiates a
transaction on the bus.

BDIP See D2 Output Burst Data in Progress—When accessing a slave

GPL B5 Table 12-2 device in the external bus, the master on the bus
asserts this signal to indicate that the data beat in front
of the current one is the one requested by the master.
BDIP is negated before the expected last data beat of
the burst transfer.

General-Purpose Line B5—Used by the memory
controller when UPMB takes control of the slave
access.
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Table 12-1. Signal Descriptions (continued)

Name

Hard
Reset

Number

Type

Description

Hi-Z

F3

Bidirectional
Active
Pull-up

Transfer Start—Asserted by a bus master to indicate the
start of a bus cycle that transfers data to or from a slave
device.

Driven by the master only when it has gained the
ownership of the bus. Every master should negate this
signal before the bus relinquish. TS requires the use of
an external pull-up resistor.

The MPC855T samples TS when it is not the external
bus master to allow the memory controller/PCMCIA
interface to control the accessed slave device. It
indicates that an external synchronous master initiated
a transaction.

Hi-Z

Cc2

Bidirectional
Active
Pull-up

Transfer Acknowledge—Indicates that the slave device
addressed in the current transaction accepted data sent
by the master (write) or has driven the data bus with
valid data (read). This is an output when the PCMCIA
interface or memory controller controls the transaction.
The only exception occurs when the memory controller
controls the slave access by means of the GPCM and
the corresponding option register is instructed to wait for
an external assertion of TA. Every slave device should
negate TA after a transaction ends and immediately
three-state it to avoid bus contention if a new transfer is
initiated addressing other slave devices. TA requires the
use of an external pull-up resistor.

Hi-Z

D1

Open-drain

Transfer Error Acknowledge—Indicates that a bus error
occurred in the current transaction. The MPC855T
asserts TEA when the bus monitor does not detect a
bus cycle termination within a reasonable amount of
time. Asserting TEA terminates the bus cycle, thus
ignoring the state of TA. TEA requires the use of an
external pull-up resistor.

E3

Bidirectional
Active
Pull-up

Burst Inhibit—Indicates that the slave device addressed
in the current burst transaction cannot support burst
transfers. It acts as an output when the PCMCIA
interface or the memory controller takes control of the
transaction. Bl requires the use of an external pull-up
resistor.

See
Table 12-2

H3

Bidirectional
Three-state

Reservation—The MPC855T outputs this three-state
signal in conjunction with the address bus to indicate
that the core initiated a transfer as a result of a stwcx.
or lwarx.

Interrupt Request 2—One of eight external inputs that
can request (by means of the internal interrupt
controller) a service routine from the core.
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Table 12-1. Signal Descriptions (continued)

Name

Hard
Reset

Number

Type

Description

KR/RETRY
IRQ4
SPKROUT

See
Table 12-2

K1

Bidirectional
Three-state

Kill Reservation—Input used as a part of the memory
reservation protocol, when the MPC855T initiated a
transaction as the result of a stwcx. instruction.
Retry—Input used by a slave device to indicate it cannot
accept the transaction. The MPC855T must relinquish
mastership and reinitiate the transaction after winning in
the bus arbitration.

Interrupt Request 4. One of eight external inputs that
can request (by means of the internal interrupt
controller) a service routine from the core. Note that the
interrupt request signal that is sent to the interrupt
controller is the logical AND of this line (if defined as
IRQ4) and DP1/IRQ4 (if defined as IRQ4).
SPKROUT—Digital audio wave form output to be driven
to the system speaker.

F2

Input

Cancel Reservation—Input used as a part of the
storage reservation protocol.

Interrupt Request 3—One of eight external inputs that
can request (by means of the internal interrupt
controller) a service routine from the core. Note that the
interrupt request signal sent to the interrupt controller is
the logical AND of CR/IRQ3 (if defined as IRQ3) and
DPO/IRQ3 if defined as IRQS3.

D[0-31]

Hi-z*

See Figure

Bidirectional
Three-state

Data Bus—Bidirectional three-state bus, provides the
general-purpose data path between the MPC855T and
all other devices. The 32-bit data path can be
dynamically sized to support 8-, 16-, or 32-bit transfers.
DO is the msb of the data bus.

Hi-Z

V3

Bidirectional
Three-state

Data Parity 0—Provides parity generation and checking
for D[0-7] for transfers to a slave device initiated by the
MPCB855T. The parity function can be defined
independently for each one of the addressed memory
banks (if controlled by the memory controller) and for
the rest of the slaves sitting on the external bus. Parity
generation and checking is not supported for external
masters.

Interrupt Request 3—One of eight external inputs that
can request (by means of the internal interrupt
controller) a service routine from the core. Note that the
interrupt request signal sent to the interrupt controller is
the logical AND of DPO/IRQ3 (if defined as IRQ3) and
CR/IRQ3 (if defined as IRQ3).
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Table 12-1. Signal Descriptions (continued)

Hard
Reset

Number

Type

Description

Hi-Z

V5

Bidirectional
Three-state

Data Parity 1—Provides parity generation and checking
for D[8-15] for transfers to a slave device initiated by the
MPC855T. The parity function can be defined
independently for each one of the addressed memory
banks (if controlled by the memory controller) and for
the rest of the slaves on the external bus. Parity
generation and checking is not supported for external
masters.

Interrupt Request 4—One of eight external inputs that
can request (by means of the internal interrupt
controller) a service routine from the core. Note that the
interrupt request signal sent to the interrupt controller is
the logical AND of this line (if defined as IRQ4) and
KR/IRQ4/SPKROUT (if defined as IRQ4).

Hi-Z

W4

Bidirectional
Three-state

Data Parity 2—Provides parity generation and checking
for D[16-23] for transfers to a slave device initiated by
the MPC855T. The parity function can be defined
independently for each one of the addressed memory
banks (if controlled by the memory controller) and for
the rest of the slaves on the external bus. Parity
generation and checking is not supported for external
masters.

Interrupt Request 5—One of eight external inputs that
can request (by means of the internal interrupt
controller) a service routine from the core.

Hi-Z

V4

Bidirectional
Three-state

Data Parity 3—Provides parity generation and checking
for D[16-23] for transfers to a slave device initiated by
the MPC855T. The parity function can be defined
independently for each one of the addressed memory
banks (if controlled by the memory controller) and for
the rest of the slaves on the external bus. Parity
generation and checking is not supported for external
masters.

Interrupt Request 6—One of eight external inputs that
can request (by means of the internal interrupt
controller) a service routine from the core. Note that the
interrupt request signal sent to the interrupt controller is
the logical AND of this line (if defined as IRQ6) and the
FRZ/IRQ6 (if defined as IRQB6).

G4

Bidirectional

Bus Request—Asserted low when a possible master is
requesting ownership of the bus. When the MPC855T is
configured to work with the internal arbiter, this signal is
configured as an input. When the MPC855T is
configured to work with an external arbiter, this signal is
configured as an output.
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Table 12-1. Signal Descriptions (continued)

Name

Hard
Reset

Number

Type

Description

Hi-Z

E2

Bidirectional

Bus Grant—Asserted low when the arbiter of the
external bus grants the bus to a specific device. When
the MPC855T is configured to work with the internal
arbiter, BG is configured as an output and asserted
every time the external master asserts BR and its
priority request is higher than any internal sources
requiring a bus transfer. However, when the MPC855T
is configured to work with an external arbiter, BG is an
input.

Hi-Z

El

Bidirectional
Active
Pull-up

Bus Busy—Asserted low by a master to show that it
owns the bus. The MPC855T asserts BB after the
arbiter grants it bus ownership and BB is negated.

See
Table 12-2

G3

Bidirectional

Freeze—Output asserted to indicate that the core is in
debug mode.

Interrupt Request 6—One of eight external inputs that
can request (by means of the internal interrupt
controller) a service routine from the core. Note that the
interrupt request signal sent to the interrupt controller is
the logical AND of FRZ/IRQ6 (if defined as IRQ6) and
DP3/IRQ6 (if defined as IRQG).

Hi-Z

V14

Input

Interrupt Request 0—One of eight external inputs that
can request (by means of the internal interrupt
controller) a service routine from the core.

Hi-Z

ul4

Input

Interrupt Request 1—One of eight external inputs that
can request (by means of the internal interrupt
controller) a service routine from the core.

Hi-Z

W15

Input

Interrupt Request 7—One of eight external inputs that
can request (by means of the internal interrupt
controller) a service routine from the core.

High

C3, A2, D4,
E4, A4, B4

Output

Chip Select—These outputs enable peripheral or
memory devices at programmed addresses if they are
appropriately defined. CS0 can be configured to be the
global chip-select for the boot device.

High

D5

Output

Chip Select 6—This output enables a peripheral or
memory device at a programmed address if defined
appropriately in the BR6 and OR6 in the memory
controller.

Card Enable 1 Slot B—This output enables even byte
transfers when accesses to the PCMCIA Slot B are
handled under the control of the PCMCIA interface.

0O
wn
J

0O
m

N
@

High

C4

Output

Chip Select 7—This output enables a peripheral or
memory device at a programmed address if defined
appropriately in the BR7 and OR7 in the memory
controller.

Card Enable 2 Slot B—This output enables odd byte
transfers when accesses to the PCMCIA Slot B are
handled under the control of the PCMCIA interface.
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Table 12-1. Signal Descriptions (continued)

Hard
Reset

Number

Type

Description

High

Cc7

Output

Write Enable 0—Output asserted when a write access
to an external slave controlled by the GPCM is initiated
by the MPC855T. WEQ is asserted if D[0-7] contains
valid data to be stored by the slave device.

Byte Select 0 on UPMB—Output asserted under control
of the UPMB, as programmed by the user. In a read or
write transfer, the line is only asserted if D[0—7] contains
valid data.

10 Device Read—Output asserted when the MPC855T
starts a read access to a region controlled by the
PCMCIA interface. Asserted only for accesses to a PC
card I/O space.

High

A6

Output

Write Enable 1—Output asserted when the MPC855T
initiates a write access to an external slave controlled by
the GPCM. WEL1 is asserted if D[8—15] contains valid
data to be stored by the slave device.

Byte Select 1 on UPMB—Output asserted under control
of the UPMB, as programmed by the user. In a read or
write transfer, the line is only asserted if D[8—15]
contains valid data.

I/O Device Write—This output is asserted when the
MPCB855T initiates a write access to a region controlled
by the PCMCIA interface. IOWR is asserted only if the
access is to a PC card I/0 space.

WE2
BS B2

)
(@)
O
m

High

B6

Output

Write Enable 2—Output asserted when the MPC855T
starts a write access to an external slave controlled by
the GPCM. WE2 is asserted if D[16—23] contains valid
data to be stored by the slave device.

Byte Select 2 on UPMB—Output asserted under control
of the UPMB, as programmed by the user. In a read or
write transfer, BS_B2 is asserted only D[16-23]
contains valid data.

PCMCIA Output Enable—Output asserted when the
MPCB855T initiates a read access to a memory region
under the control of the PCMCIA interface.

WE3
BS B3
PCWE

High

A5

Output

Write Enable 3—Output asserted when the MPC855T
initiates a write access to an external slave controlled by
the GPCM. WE3 is asserted if D[24—31] contains valid
data to be stored by the slave device.

Byte Select 3 on UPMB—Output asserted under control
of the UPMB, as programmed by the user. In a read or
write transfer, BS_B3 is asserted only if D[24-31]
contains valid data.

PCMCIA Write Enable—OQutput asserted when the
MPCS855T initiates a write access to a memory region
under control of the PCMCIA interface.

BS_A[0-3]

High

D8, C8, A7,
B8

Output

Byte Select 0 to 3 on UPMA—Outputs asserted under
requirement of the UPMA, as programmed by the user.
For read or writes, asserted only if their corresponding
data lanes contain valid data:

BS_AO for D[0-7], BS_A1 for D[8-15],

BS_A2 for D[16-23], BS_A3 for D[24-31]
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Table 12-1. Signal Descriptions (continued)

Name

Hard
Reset

Number

Type

Description

GPL_AD
GPL_BO

High

D7

Output

General-Purpose Line 0 on UPMA—This output reflects
the value specified in the UPMA when an external
transfer to a slave is controlled by the UPMA.
General-Purpose Line 0 on UPMB—This output reflects
the value specified in the UPMB when an external
transfer to a slave is controlled by the UPMB.

OE
GPL_AL
GPL_B1

High

C6

Output

Output Enable—Output asserted when the MPC855T
initiates a read access to an external slave controlled by
the GPCM.

General-Purpose Line 1on UPMA—This output reflects
the value specified in the UPMA when an external
transfer to a slave is controlled by UPMA.
General-Purpose Line 1 on UPMB—This output reflects
the value specified in the UPMB when an external
transfer to a slave is controlled by UPMB.

GPL_A[2-3]
GPL_B[2-3]
CS[2-3]

High

B5, C5

Output

General-Purpose Line 2 and 3 on UPMA—These
outputs reflect the value specified in the UPMA when an
external transfer to a slave is controlled by UPMA.
General-Purpose Line 2 and 3 on UPMB—These
outputs reflect the value specified in the UPMB when an
external transfer to a slave is controlled by UPMB.

Chip Select 2 and 3—These outputs enable peripheral
or memory devices at programmed addresses if they
are appropriately defined. The double drive capability
for CS2 and CS3 is independently defined for each
signal in the SIUMCR.

UPWAITA
GPL_A4

Hi-Z

C1

Bidirectional

User Programmable Machine Wait A—This input is
sampled as defined by the user when an access to an
external slave is controlled by the UPMA.
General-Purpose Line 4 on UPMA—This output reflects
the value specified in the UPMA when an external
transfer to a slave is controlled by UPMA.

UPWAITB
GPL_B4

Hi-Z

Bl

Bidirectional

User Programmable Machine Wait B—This input is
sampled as defined by the user when an access to an
external slave is controlled by the UPMB.
General-Purpose Line 4 on UPMB—This output reflects
the value specified in the UPMB when an external
transfer to a slave is controlled by UPMB.

GPL_A5

High

D3

Output

General-Purpose Line 5 on UPMA—This output reflects
the value specified in the UPMA when an external
transfer to a slave is controlled by UPMA. This signal
can also be controlled by the UPMB.

PORESET

Hi-Z

R2

Input

Power on Reset—When asserted, this input causes the
MPCB855T to enter the power-on reset state.

Chapter 12. External Sighals

12-11




g |

System Bus Signals

Table 12-1. Signal Descriptions (continued)

Hard L
Name Reset Number Type Description
RSTCONF Hi-Z P3 Input Reset Configuration—The MPC855T samples this input
while HRESET is asserted. If RSTCONF is asserted,
the configuration mode is sampled in the form of the
hard reset configuration word driven on the data bus.
When RSTCONF is negated, the MPC855T uses the
default configuration mode. Note that the initial base
address of internal registers is determined in this
sequence.
HRESET Low N4 Open-drain | Hard Reset—Asserting this open drain signal puts the
MPC855T in hard reset state.
SRESET Low P2 Open-drain | Soft Reset—Asserting this open drain line puts the
MPCB855T in soft reset state.
XTAL Analog P1 Analog This output is one of the connections to an external
Driving Output crystal for the internal oscillator circuitry.
EXTAL Hi-Z N1 Analog This line is one of the connections to an external crystal
Input (3.3V | for the internal oscillator circuitry.
only)
XFC Analog T2 Analog External Filter Capacitance—This input is the
Driving Input connection pin for an external capacitor filter for the PLL
circuitry.
CLKOUT Note 2 w3 Output Clock Out—This output is the clock system frequency.
EXTCLK Hi-Z N2 Input (3.3V | External Clock—This input is the external input clock
only) from an external source.
TEXP High N3 Output Timer Expired—This output reflects the status of
PLPRCR[TEXPS].
ALE_A Low K2 Output Address Latch Enable A—This output line is asserted
when MPCB855T initiates an access to a region under
the control of the PCMCIA interface to socket A.
CE1_A High B3 Output Card Enable 1 Slot A—This output signal enables even
byte transfers when accesses to PCMCIA Slot A are
handled under the control of the PCMCIA interface.
CE2_A High A3 Output Card Enable 2 Slot A—This output signal enables odd
byte transfers when accesses to PCMCIA Slot A are
handled under the control of the PCMCIA interface.
WAIT_A Hi-Z R3 Input Wait Slot A—This input signal, if asserted low, causes a
delay in the completion of a transaction on the PCMCIA
controlled Slot A.
WAIT_B Hi-Z R4 Input Wait Slot B—This input, if asserted low, causes a delay
in the completion of a transaction on the PCMCIA
controlled Slot B.
IP_A(0) Hi-Z T5 Input Input Port A 0—This input signals is monitored by the
MPCB855T and its value is reflected in the PIPR and
PSCR of the PCMCIA interface.
IP_AQ) Hi-Z T4 Input Input Port A 1—This input signals is monitored by the
MPC855T and its value is reflected in the PIPR and
PSCR of the PCMCIA interface.
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Table 12-1. Signal Descriptions (continued)

Name

Hard
Reset

Number

Type

Description

IP_A2
[OIS16_A

Hi-Z

u3

Input

Input Port A 2—This input signal is monitored by the
MPC855T and its value and changes are reported in the
PIPR and PSCR of the PCMCIA interface.

I/O Device A is 16 Bits Ports Size—This input signal is
monitored by the MPC855T when a transaction under
the control of the PCMCIA interface is initiated to an /0
region in socket A of the PCMCIA space.

IP_A(3)

Hi-Z

w2

Input

Input Port A 3—This input signals is monitored by the
MPCB855T and its value is reflected in the PIPR and
PSCR of the PCMCIA interface.

IP_A(4)

Hi-Z

u4

Input

Input Port A 4—This input signals is monitored by the
MPC855T and its value is reflected in the PIPR and
PSCR of the PCMCIA interface.

IP_A(5)

Hi-Z

us

Input

Input Port A 5—This input signals is monitored by the
MPC855T and its value is reflected in the PIPR and
PSCR of the PCMCIA interface

IP_A(6)

Hi-zZ

T6

Input

Input Port A 6—This input signals is monitored by the
MPCB855T and its value is reflected in the PIPR and
PSCR of the PCMCIA interface.

IP_A(7)

Hi-Z

T3

Input

Input Port A 7—This input signals is monitored by the
MPCB855T and its value is reflected in the PIPR and
PSCR of the PCMCIA interface.

ALE_B
DSCK/AT1

See
Table 12-2

J1

Bidirectional
Three-state

Address Latch Enable B—This output is asserted when
the MPC855T initiates an access to a region under the
control of the PCMCIA socket B interface.
Development Serial Clock—This input is the clock for
the debug port interface.

Address Type 1—The MPC855T drives this bidirectional
three-state line when it initiates a transaction on the
external bus. When the transaction is initiated by the
core, it indicates if the transfer is for user or supervisor
state. This signal is not used for transactions initiated by
external masters.

IP_B[0-1]
IWP[0-1]
VFLS[0-1]

See
Table 12-2

H2, J3

Bidirectional

Input Port B 0—-1—The MPC855T senses these inputs;
their values and changes are reported in the PIPR and
PSCR of the PCMCIA interface.

Instruction Watchpoint 0-1—These outputs report the
detection of an instruction watchpoint in the program
flow executed by the core.

Visible History Buffer Flushes Status—The MPC855T
outputs VFLS[0-1] when program instruction flow
tracking is required. They report the number of
instructions flushed from the history buffer in the core.
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Table 12-1. Signal Descriptions (continued)

Name

Hard
Reset

Number

Type

Description

IP_B2
[0IS16_B
AT2

Hi-Z

J2

Bidirectional
Three-state

Input Port B 2—The MPCB855T senses this input; its
value and changes are reported in the PIPR and PSCR
of the PCMCIA interface.

I/0O Device B is 16 Bits Port Size—The MPC855T
monitors this input when a PCMCIA interface
transaction is initiated to an 1/O region in socket B in the
PCMCIA space.

Address Type 2—The MPC855T drives this bidirectional
three-state signal when it initiates a transaction on the
external bus. If the core initiates the transaction, it
indicates if the transfer is instruction or data. This signal
is not used for transactions initiated by external
masters.

IP_B3
IWP2
VF2

See
Table 12-2

Gl

Bidirectional

Input Port B 3—The MPC855T monitors this input; its
value and changes are reported in the PIPR and PSCR
of the PCMCIA interface.

Instruction Watchpoint 2—This output reports the
detection of an instruction watchpoint in the program
flow executed by the core.

Visible Instruction Queue Flush Status—The MPC855T
outputs VF2 with VFO/VF1 when instruction flow
tracking is required. VFn reports the number of
instructions flushed from the instruction queue in the
core.

IP_B4
LWPO
VFO

Hi-Z

G2

Bidirectional

Input Port B 4—The MPC855T monitors this input; its
value and changes are reported in the PIPR and PSCR
of the PCMCIA interface.

Load/Store Watchpoint 0—This output reports the
detection of a data watchpoint in the program flow
executed by the core.

Visible Instruction Queue Flushes Status—The
MPCB855T outputs VFO with VF1/VF2 when instruction
flow tracking is required. VFn reports the number of
instructions flushed from the instruction queue in the
core.

IP_B5
LWP1
VF1

Hi-zZ

J4

Bidirectional

Input Port B 5—The MPC855T monitors this input; its
value and changes are reported in the PIPR and PSCR
of the PCMCIA interface.

Load/Store Watchpoint 1—This output reports the
detection of a data watchpoint in the program flow
executed by the core.

Visible Instruction Queue Flushes Status—The
MPCB855T outputs VF1 with VFO and VF2 when
instruction flow tracking is required. VFn reports the
number of instructions flushed from the instruction
queue in the core.
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Table 12-1. Signal Descriptions (continued)

Name

Hard
Reset

Number

Type

Description

IP_B6
DSDI
ATO

Hi-zZ

K3

Bidirectional
Three-state

Input Port B 6—The MPC855T senses this input and its
value and changes are reported in the PIPR and PSCR
of the PCMCIA interface. See Chapter 16, “PCMCIA
Interface.”

Development Serial Data Input—Data input for the
debug port interface. See Chapter 44, “System
Development and Debugging.”

Address Type 0—The MPC855T drives this bidirectional
three-state line when it initiates a transaction on the
external bus. If high (1), the transaction is the CPM. If
low (0), the transaction initiator is the CPU. This signal is
not used for transactions initiated by external masters.

IP_B7
PTR
AT3

H1

Bidirectional
Three-state

Input Port B 7—The MPCB855T monitors this input; its
value and changes are reported in the PIPR and PSCR
of the PCMCIA interface.

Program Trace—To allow program flow tracking, the
MPCB855T asserts this output to indicate an instruction
fetch is taking place.

Address Type 3—The MPCB855T drives the bidirectional
three-state signal when it starts a transaction on the
external bus. When the core initiates a transfer, AT3
indicates whether it is a reservation for a data transfer or
a program trace indication for an instruction fetch. This
signal is not used for transactions initiated by external
masters.

OPO

Low

L4

Output

Output Port 0—This output signals is generated by the
MPCB855T as a result of a write to the PGCRA register
in the PCMCIA interface.

OP1

Low

L2

Output

Output Port 1—The MPCB855T generates these outputs
as a result of a write to the PGCRA register in the
PCMCIA interface.

OoP2
MODCK1
STS

Hi-Z

L1

Bidirectional

Output Port 2—This output is generated by the
MPCB855T as a result of a write to the PGCRB register
in the PCMCIA interface.

Mode Clock 1—Input sampled when PORESET is
negated to configure PLL/clock mode.

Special Transfer Start—The MPC855T drives this
output to indicate the start of an external bus transfer or
of an internal transaction in show-cycle mode.

OP3
MODCK2
DSDO

Hi-Z

M4

Bidirectional

Output Port 3—This output is generated by the
MPCB855T as a result of a write to the PGCRB register
in the PCMCIA interface.

Mode Clock 2—This input is sampled at the PORESET
negation to configure the PLL/clock mode of operation.
Development Serial Data Output—Output data from the
debug port interface.
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Table 12-1. Signal Descriptions (continued)

Name

Hard
Reset

Number

Type

Description

BADDR30

Y]
m
(9]

Hi-Z

K4

Output

Burst Address 30—This output duplicates the value of

A30 when the following is true:

* An internal master in the MPC855T initiates a
transaction on the external bus.

< An asynchronous external master initiates a
transaction.

« A synchronous external master initiates a single beat
transaction.

The memory controller uses BADDR30 to increment the

address lines that connect to memory devices when a

synchronous external master or an internal master

initiates a burst transfer.

Register—When an internal master initiates an access

to a slave under control of the PCMCIA interface, this

signal duplicates the value of TSIZO/REG. When an

external master initiates an access, REG is output by

the PCMCIA interface (if it must handle the transfer) to

indicate the space in the PCMCIA card being accessed.

BADDR[28-29]

Hi-Z

M3
M2

Output

Burst Address—Outputs that duplicate A[28-29] values

when one of the following occurs:

* An internal master in the MPCB855T initiates a
transaction on the external bus.

* An asynchronous external master initiates a
transaction.

« A synchronous external master initiates a single beat
transaction.

The memory controller uses these signals to increment

the address lines that connect to memory devices when

a synchronous external or internal master starts a burst

transfer.

Hi-Z

L3

Input

Address Strobe—Input driven by an external
asynchronous master to indicate a valid address on
A[0-31]. The MPC855T memory controller
synchronizes AS and controls the memory device
addressed under its control.

PA[15]
RXD1

Hi-Z

C18

Bidirectional

General-Purpose 1/0 Port A Bit 15—Bit 15 of the
general-purpose I/O port A.
RXD1—Receive data input for SCC1.

PA[14]
TXD1
TXD4

Hi-Z

D17

Bidirectional
(Optional:
Open-drain)

General-Purpose 1/0O Port A Bit 14—Bit 14 of the
general-purpose I/O port A.

TXD1—Transmit data output for SCC1.
TXD4—Transmit data output for SCC4.

PA[13]

E17

Bidirectional

General-Purpose 1/0 Port A Bit 13—Bit 13 of the
general-purpose I/O port A.

PA[12]

F17

Bidirectional
(Optional:
Open-drain)

General-Purpose 1/0 Port A Bit 12—Bit 12 of the
general-purpose I/O port A.

PA[11]

Hi-Z

Gl16

Bidirectional
(Optional:
Open-drain)

General-Purpose 1/0 Port A Bit 11—Bit 11 of the
general-purpose I/O port A.
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Table 12-1. Signal Descriptions (continued)

Name S:;gt Number Type Description

PA[10] Hi-zZ J17 Bidirectional | General-Purpose I/O Port A Bit 10—RBit 10 of the

TXD3 (Optional: | general-purpose I/O port A.

Open-drain) | TXD3—Transmit data output for SCC3.

PA[9] Hi-Zz K18 Bidirectional | General-Purpose 1/0 Port A Bit 11—Bit 9 of the

L1TXDA (Optional: | general-purpose I/O port A.

RXD4 Open-drain) | LLTXDA—Transmit data output for the serial interface
TDMa.

RXD4—Receive data input for SCCA4.

PA[8] Hi-Zz L17 Bidirectional | General-Purpose 1/0 Port A Bit 8—Bit 8 of the

L1RXDA (Optional: | general-purpose I/O port A.

TXD4 Open-drain) | LIRXDA—Receive data input for the serial interface
TDMa.

TXD4—Transmit data output for SCC4.

PA[7] Hi-Z M19 Bidirectional | General-Purpose 1/O Port A Bit 7—Bit 7 of the

CLK1 general-purpose I/O port A.

TIN1 CLK1—One of eight clock inputs that can be used to

L1RCLKA clock SCCs and SMCs.

BRGO1 TIN1—Timer 1 external clock.

L1RCLKA—Receive clock for the serial interface TDMa.
BRGO1—Output clock of BRG1.

PA[6] Hi-Z M17 Bidirectional | General-Purpose 1/O Port A Bit 6—Bit 6 of the

CLK2 general-purpose I/O port A.

TOUT1 CLK2—O0ne of eight clock inputs that can be used to
clock SCCs and SMCs. CLK2 can also be used as a
clock source for the BRGs.

TOUT1—Timer 1 output.

PA[5] Hi-Z N18 Bidirectional | General-Purpose 1/O Port A Bit 5—Bit 5 of the

CLK3 general-purpose I/O port A.

TIN2 CLK3—O0ne of eight clock inputs that can be used to

L1TCLKA clock SCCs and SMCs.

BRGO2 TIN2—Timer 2 external clock input.
L1TCLKA—Transmit clock for the serial interface TDMa.
BRGO2—Output clock of BRG2.

PA[4] Hi-Zz P19 Bidirectional | General-Purpose 1/0 Port A Bit 4—Bit 4 of the

CLK4 general-purpose I/O port A.

TOUT2 CLK4—One of eight clock inputs that can be used to
clock SCCs and SMCs.

TOUT2—Timer 2 output.

PA[3] Hi-Z P17 Bidirectional | General-Purpose 1/O Port A Bit 3—Bit 3 of the

CLK5 general-purpose I/O port A.

TIN3 CLK5—O0ne of eight clock inputs that can be used to

BRGO3 clock SCCs and SMCs.

TIN3—Timer 3 external clock input.
BRGO3—Output clock of BRG3.

PA[2] Hi-Z R18 Bidirectional | General-Purpose 1/O Port A Bit 2—Bit 2 of the

CLK6 general-purpose I/O port A.

TOUT3 CLK6—O0ne of eight clock inputs that can be used to
clock the SCCs and SMCs. CLK6 can also be used as a
clock source for the BRGs.

TOUT3—Timer 3 output.
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Table 12-1. Signal Descriptions (continued)

Name S:;gt Number Type Description

PA[1] Hi-Z T19 Bidirectional | General-Purpose 1/0 Port A Bit 1—Bit 1 of the

CLK7 general-purpose I/O port A.

TIN4 CLK7—O0ne of eight clock inputs that can be used to

BRGO4 clock SCCs and SMCs.

TIN4—Timer 4 external clock input.
BRGO4—BRG4 output clock.

PA[O] Hi-Z u19 Bidirectional | General-Purpose 1/0 Port A Bit 0—Bit 0 of the

CLK8 general-purpose I/O port A.

TOUT4 CLK8—O0ne of eight clock inputs that can be used to
clock SCCs and SMCs.

TOUT4—Timer 4 output.

PB[31] Hi-Z C17 Bidirectional | General-Purpose I/O Port B Bit 31—Bit 31 of the

SPISEL (Optional: | general-purpose 1/O port B.

REJECT1 Open-drain) | SPISEL—SPI slave select input.

REJECT1—SCC1 CAM interface reject pin.

PB[30] Hi-Zz C19 Bidirectional | General-Purpose I/0O Port B Bit 30—RBit 30 of the

SPICLK (Optional: | general-purpose 1/O port B.

RSTRT2 Open-drain) | SPICLK—SPI output clock when it is configured as a
master or SPI input clock when it is configured as a
slave.

RSTRT2—SCC2 serial CAM interface output signal that
marks the start of a frame.

PB[29] Hi-Zz E16 Bidirectional | General-Purpose I/O Port B Bit 29—Bit 29 of the

SPIMOSI (Optional: | general-purpose I/O port B.

Open-drain) | SPIMOSI—SPI output data when it is configured as a
master or SPI input data when it is configured as a
slave.

PB[28] Hi-Zz D19 Bidirectional | General-Purpose I/0O Port B Bit 28—Bit 29 of the

SPIMISO (Optional: | general-purpose 1/O port B.

BRGO4 Open-drain) | SPIMISO—SPI input data when the MPC855T is a
master; SPI output data when it is a slave.
BRGO4—BRG4 output clock.

PB[27] Hi-Zz E19 Bidirectional | General-Purpose I/O Port B Bit 27—RBit 27 of the

I2CSDA (Optional: | general-purpose 1/O port B.

BRGO1 Open-drain) | I2CSDA—IC serial data pin. Bidirectional; should be
configured as an open-drain output.

BRGO1—BRGL1 output clock.

PB[26] Hi-Z F19 Bidirectional | General-Purpose 1/0O Port B Bit 26—Bit 26 of the

12CSCL (Optional: | general-purpose 1/O port B.

BRGO2 Open-drain) I2CSCL—I2C serial clock pin. Bidirectional; should be
configured as an open-drain output.

BRGO2—BRG2 output clock.
PB[25] Hi-Z J16 Bidirectional | General-Purpose I/O Port B Bit 25—RBit 25 of the
SMTXD1 (Optional: | general-purpose 1/O port B.
Open-drain) | SMTXD1—SMC1 transmit data output.

PB[24] Hi-Zz Jis Bidirectional | General-Purpose I/O Port B Bit 24—RBit 24 of the

SMRXD1 (Optional: | general-purpose 1/O port B.

Open-drain) | SMRXD1—SMC1 receive data input.
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Table 12-1. Signal Descriptions (continued)

Name S:;gt Number Type Description

PB[23] Hi-Z K17 Bidirectional | General-Purpose I/O Port B Bit 23—Bit 23 of the

SMSYN1 (Optional: | general-purpose 1/O port B.

SDACK1 Open-drain) | SMSYN1—SMCL1 external sync input.
SDACK1—SDMA acknowledge 1 output that is used as
a peripheral interface signal for IDMA emulation, or as a
CAM interface signal for Ethernet.

PB[22] Hi-zZ L19 Bidirectional | General-Purpose 1/0O Port B Bit 22—Bit 22 of the

SMSYN2 (Optional: | general-purpose 1/O port B.

SDACK2 Open-drain) | SMSYN2—SMC2 external sync input.
SDACK2—SDMA acknowledge 2 output that is used as
a peripheral interface signal for IDMA emulation, or as a
CAM interface signal for Ethernet.

PB[21] Hi-zZ K16 Bidirectional | General-Purpose 1/0 Port B Bit 21—Bit 21 of the

SMTXD2 (Optional: | general-purpose 1/O port B.

PHSEL[1] Open-drain) | SMTXD2—SMC2 transmit data output.
PHSEL[1]—Least significant bit of PHY select bus.

PB[20] Hi-Z L16 Bidirectional | General-Purpose 1/0O Port B Bit 20—Bit 20 of the

SMRXD2 (Optional: | general-purpose I/O port B.

L1CLKOA Open-drain) | SMRXD2—SMC2 receive data input.

PHSELJO0] L1CLKOA—Clock output from the serial interface
TDMa.

PHSEL[0]—Most significant bit of PHY select bus.

PB[19] Hi-Z N19 Bidirectional | General-Purpose 1/0O Port B Bit 19—Bit 19 of the

RTS1 (Optional: | general-purpose I/O port B.

L1ST1 Open-drain) | RTS1—Request to send modem line for SCC1.
L1ST1—One of four output strobes that can be
generated by the serial interface.

PB[18] Hi-Zz N17 Bidirectional | General-Purpose I/O Port B Bit 18—Bit 18 of the

L1ST2 (Optional: | general-purpose 1/O port B.

Open-drain) | LLST2—One of four output strobes that can be
generated by the serial interface.

PB[17] Hi-Z P18 Bidirectional | General-Purpose 1/0O Port B Bit 17—Bit 17 of the

L1ST3 (Optional: | general-purpose 1/O port B.

PHREQ[1] Open-drain) | LLST3—One of four output strobes that can be
generated by the serial interface.

PHREQJ1]—Least significant bit of PHY request bus.

PB[16] Hi-Z N16 Bidirectional | General-Purpose 1/0 Port B Bit 16—Bit 16 of the

L1RQa (Optional: | general-purpose 1/O port B.

L1ST4 Open-drain) | LIRQa—D-channel request signal for serial interface

PHREQIO0] TDMa.

L1ST4—One of four output strobes that can be
generated by the serial interface.
PHREQI[0]—Most significant bit of PHY request bus.

PB[15] Hi-Z R17 Bidirectional | General-Purpose 1/0 Port B Bit 15—Bit 15 of the

BRGO3 general-purpose I/O port B.

Txclav BRGO3—BRG3 output clock.

Txclav—Transmit cell available input signal.
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Table 12-1. Signal Descriptions (continued)

Name S:;gt Number Type Description

PB[14] Hi-Z ui1s Bidirectional | General-Purpose I/O Port B Bit 14—RBit 14 of the

RSTRT1 general-purpose I/O port B.

RSTRT1—SCCI1 serial CAM interface outputs that
marks the start of a frame.

PC[15] Hi-Zz D16 Bidirectional | General-Purpose 1/0 Port C Bit 15—Bit 15 of the

DREQO general-purpose 1/O port C.

RTS1 DREQO—IDMA channel 1 request input.

L1ST1 RTS1—Request to send modem line for SCC1.

Rxclav L1ST1—One of four output strobes that can be
generated by the serial interface.
Rxclav—Receive cell available input signal

PC[14] Hi-Z D18 Bidirectional | General-Purpose 1/0O Port C Bit 14—Bit 14 of the

DREQ1 general-purpose I/O port C.

L1ST2 DREQ1—IDMA channel 2 request input.
L1ST2—One of four output strobes that can be
generated by the serial interface.

PC[13] Hi-Zz E18 Bidirectional | General-Purpose 1/0 Port C Bit 13—Bit 13 of the

L1ST3 general-purpose 1/O port C.

L1ST3—O0One of four output strobes that can be
generated by the serial interface.

PC[12] Hi-Zz F18 Bidirectional | General-Purpose 1/0 Port C Bit 12—Bit 12 of the

L1RQa general-purpose I/O port C.

L1ST4 L1RQa—D-channel request signal for serial interface
TDMa.

L1ST4—One of four output strobes that can be
generated by the serial interface.

PC[11] Hi-Z J19 Bidirectional | General-Purpose 1/0 Port C Bit 11—Bit 11 of the

CTS1 general-purpose 1/O port C.

CTS1—Clear to send modem line for SCC1.

PC[10] Hi-Z K19 Bidirectional | General-Purpose 1/0 Port C Bit 10—Bit 10 of the

CD1 general-purpose I/O port C.

TGATE1 CD1—Carrier detect modem line for SCC1.
TGATE1—Timer 1/timer 2 gate signal.

PC[9] Hi-Zz L18 Bidirectional | General-Purpose 1/0O Port C Bit 9—Bit 9 of the
general-purpose 1/O port C.

PCI[8] Hi-Z M18 Bidirectional | General-Purpose I/0 Port C Bit 8—Bit 8 of the

TGATE2 general-purpose I/O port C.

TGATE2—Timer 3/timer 4 gate signal.

PC[7] Hi-Z M16 Bidirectional | General-Purpose 1/0 Port C Bit 7—Bit 7 of the

SDACK?2 general-purpose I/O port C.

SDACK2—SDMA acknowledge 2 output that is used as
a peripheral interface signal for IDMA emulation or as a
CAM interface signal for Ethernet.

PCI6] Hi-Z R19 Bidirectional | General-Purpose 1/0O Port C Bit 6—Bit 6 of the

general-purpose 1/O port C.
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Table 12-1. Signal Descriptions (continued)

Name S:;gt Number Type Description

PCI[5] Hi-Z T18 Bidirectional | General-Purpose I/0 Port C Bit 5—Bit 5 of the

LITSYNCA general-purpose 1/O port C.

SDACK1 L1ITSYNCA—Transmit sync input for serial interface
TDMa.

SDACK1—SDMA acknowledge loutput that is used as
a peripheral interface signal for IDMA emulation or as a
CAM interface signal for Ethernet.

PC[4] Hi-Z T17 Bidirectional | General-Purpose 1/0O Port C Bit 4—Bit 4 of the

L1IRSYNCA general-purpose 1/O port C.

L1RSYNCA—Receive sync input for serial interface
TDMa.

PD[15] Hi-Z u17 Bidirectional | General-Purpose I/0 Port D Bit 15—Bit 15 of the

LITSYNCA general-purpose I/O port D.

UTPBI0] L1TSYNCA—Input transmit data sync signal to the

MII-RXD3 TDM channel A.

MII-RXD3—Message independent interface receive
data 3.
UTPB[0]—UTOPIA bus bit 0 input/output signal.

PD[14] Hi-Z V19 Bidirectional | General-Purpose 1/O Port D Bit 14—Bit 14 of the

L1IRSYNCA general-purpose 1/O port D.

UTPB[1] L1RSYNCA—Input receive data sync signal to the TDM

MII-RXD2 channel A.

MII-RXD2—Message independent interface receive
data 2.
UTPB[1]—UTOPIA bus bit 1 input/output signal.

PDI[13] Hi-Z V18 Bidirectional | General-Purpose 1/O Port D Bit 13—Bit 13 of the

LITSYNCB general-purpose I/O port D.

UTPBJ[2] L1TSYNCB—Input transmit data sync signal to the

MII-RXD1 TDM channel B.

MII-RXD1—Message independent interface receive
data 1.
UTPB[2]—UTOPIA bus bit 2 input/output signal.

PD[12] Hi-Zz R16 Bidirectional | General-Purpose 1/0 Port D Bit 12—Bit 12 of the

UTPBJ3] general-purpose /O port D..

MII-MDC MII-MDC—Message independent interface
management data clock.

UTPB[3]—UTOPIA bus bit 3 input/output signal.

PD[11] Hi-Z T16 Bidirectional | General-Purpose 1/0 Port D Bit 11—Bit 11 of the

RXENB general-purpose I/O port D.

MII-TX-ERR RXENB—Receive enable output signal.
MII-TX-ERR—Media independent interface transmit
error

PDI[10] Hi-Z w18 Bidirectional | General-Purpose 1/0O Port D Bit 10—RBit 10 of the

TXENB general-purpose I/O port D.

MII-RXDO TXENB—Transmit enable output signal.
MII-RXD0—Media independent interface receive data 0
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Table 12-1. Signal Descriptions (continued)

Name S:;gt Number Type Description

PD[9] Hi-Z V17 Bidirectional | General-Purpose I/O Port D Bit 9—Bit 9 of the

UTPCLK general-purpose I/O port D.

MII-TXDO UTPCLK—UTOPIA Clock input/output signal. The
direction of this I/O pin in non muxed UTOPIA mode is
defined by UTOPIA mode register. As an input or output
the frequency of the UTOPIA clock can be up to 50Mhz
and in the following range: SYSCLK > UTPCLK >
SYSCLK/10
MII-TXD0—Media independent interface transmit data O

PDI[8] Hi-Zz w17 Bidirectional | General-Purpose 1/0 Port D Bit 8—Bit 8 of the

MII-RXCLK general-purpose /O port D.

MII-RXCLK—Media independent interface receive clock

PDI[7] Hi-Z T15 Bidirectional | General-Purpose 1/0O Port D Bit 7—Bit 7 of the

UTPB[4] general-purpose I/O port D.

MII-RX-ERR UTPB[4]—UTOPIA bus bit 4 input/output signal.
MII-RX-ERR—Message independent interface receive
error.

PDI[6] Hi-Zz V16 Bidirectional | General-Purpose 1/0 Port D Bit 6—Bit 6 of the

UTPBI5] general-purpose I/O port D.

MII-RXDV UTPB[5]—UTOPIA bus bit 5 input/output signal.
MII-RXDV—Message independent interface receive
data valid.

PDI[5] Hi-Zz U15 Bidirectional | General-Purpose 1/0O Port D Bit 5—Bit 5 of the

REJECT2 general-purpose I/O port D.

UTPB[6] REJECT2—This input to SCC2 allows a CAM to reject

MII-TXD3 the current Ethernet frame after it determines the frame
address did not match.

UTPB[6]—UTOPIA bus bit 6 input/output signal.
MII-TXD3—Message independent interface transmit
data 3.

PD[4] Hi-Zz ul6 Bidirectional | General-Purpose 1/0 Port D Bit 4—Bit 4 of the

REJECT3 general-purpose I/O port D.

UTPB[7] REJECT3—This input to SCC3 allows a CAM to reject

MII-TXD2 the current Ethernet frame after it determines the frame
address did not match.

UTPB[7]—UTOPIA bus bit 7 input/output signal. (most
significant bit of UTPB)

MII-TXD2—Message independent interface transmit
data 2.

PDI[3] Hi-Z W16 Bidirectional | General-purpose 1/O Port D Bit 3—Bit 3 of the

REJECT4 general-purpose I/O port D.

SOC REJECT4—This input to SCC4 allows a CAM to reject

MII-TXD1 the current Ethernet frame after it determines the frame
address did not match.
SOC—Start of cell input/output signal.
MII-TXD1—Message independent interface transmit
data 1.

TCK Hi-Zz H16 Input Provides clock to scan chain logic or for the

DSCK development port logic.
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Table 12-1. Signal Descriptions (continued)

Hard _
Name Reset Number Type Description

TMS Pulled up G18 Input Controls the scan chain test mode operations.

TDI Pulled up H17 Input Input serial data for either the scan chain logic or the

DSDI development port and determines the operating mode
of the development port at reset.

TDO Low G17 Output Output serial data for either the scan chain logic or for

DSDO the development port.

TRST Pulled up® G19 Input Test reset for the JTAG scan chain logic.

MII_CRS Hi-zZ B7 Input MII carrier receive sense

MII_MDIO Hi-Zz H18 Bidirectional | MIl management data

MII_TXEN Low V15 Output MII transmit enable

MII_COL Hi-Zz H4 Input MII collision

Power Supply See Figure Power VDDL—Power supply of the internal logic.
VDDH—Power supply of the I/O buffers and certain
parts of the clock control.
VDDSYN—Power supply of the PLL circuitry.
KAPWR—Power supply of the internal OSCM, RTC,
PIT, DEC, and TB.
VSS—Ground for circuits, except for the PLL circuitry.
VSSSYN, VSSSYN1—Ground for the PLL circuitry.

1 Pulled Low if RSTCONF pulled down
2 High until SPLL locked, then oscillating

3 See Section 11.4, “TRST and Power Mode Considerations,” and Section 45.6, “Recommended TAP
Configuration.”

NOTE:

The reset behavior of a subset of multiple-function pins depends on which signal function
is active. The SIUMCR programming determines which signal functions of this pin subset
are activated at reset; see Section 10.4.2, “ SIU Module Configuration Register (SSUMCR).”
Some (but not al) of the SIUMCR default values are determined by the user-controlled
hardware reset configuration word; see Section 11.3.1.1, “Hard Reset Configuration Word.”
When HRESET (or PORESET) isasserted, these pinsimmediately begin functioning asthe
signals selected in the SITUMCR. The behavior of these signalsis shown in Table 12-2.
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Table 12-2. Configuration-Dependent Signal Behavior during Reset

Signal Function Determined at Reset by...

Pin Signal Behavior
SRESET HRESET (or PORESET)
Previous SIUMCR default values only BDIP/GPL_B5 BDIP: high impedance
programming of GPL_B5: high'
SIUMCR RSV/IRQ2 IRQ2: high impedance
RSV high!
CR/IRQ3 IRQ3: high impedance

CR: hight

KR/RETRY/IRQ4/SPKROUT

IRQ4: high impedance
KR/RETRY: high impedance®
SPKROUT: low?!

FRZ/IRQ6 FRZ: low
IRQ6: high impedance?®
SIUMCR default values as ALE_B/DSCK/AT1 ALE_B: low

driven by the hard reset
configuration word

DSCKI/AT1: high impedance

IP_B[0-1]/IWP[0-1]/VFLS[0-1
]

IP_B[0-1]: high impedance.
IWP[0-1]: high
VFLS[0-1]: low

IP_B3/IWP2/VF2

IP_B3: high impedance
IWP2: high
VF2: low

IP_B4/LWPO/VFO

IP_B4: high impedance
LWPO: high
VFO: low

IP_B5/LWP1/VF1

IP_B5: high impedance
LWPL1: high;
VF1: low

1 After a hard reset, this signal function is actually inactive until the user selects the function by programming the

SIUMCR.

12.2 Active Pull-Up Buffers

Active pull-up buffers are a special variety of bidirectiona three-state buffer with the
following properties:

* When enabled as an output and driving low, they behave as a normal output driver
(that is, the pin is constantly driven low).

» When enabled as an output and driving high, drive high until an internal detection
circuit determines that the output has reached the logic high threshold and then stop
driving (that is, the pin switchesto high-impedance).

* When disabled as an output or functioning as an input, it is not driven.

Due to the behavior of the buffer when being driven high, a pull-up resistor is required
externally to function as a ‘bus keep’ for these shared signals in periods when no drivers
are active and to keep the buffer from oscillating when the buffer is driving high, because
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if the voltage ever dips below the logic high threshold while the buffer is enabled as an
output, the buffer will reactivate. Further, external logic must not attempt to drive these
signals low while active pull-up buffers are enabled as outputs, because the buffers will
reactivate and drive high, resulting in a buffer fight and possible damage to the MPC855T,
to the system, or to both.

Figure 12-4 compares three-state buffers and active pull-up buffers graphically in general
terms. It makes no implication as to which edges trigger which events for any particular

signal.

Three-state
buffer

Active

pull-up
buffer

1 Drive high on one edge
————————— 2 Switch to Hi-Z on later edge
3 Pull-up resistor maintains
| logic high state

2 Switch to Hi-Z when
threshold voltage
3 | 5 (Voh+margin) is reached

‘ I 1 Drive high on one edge
I
I
I

_____ TA— — — — T — — — — ~—  3Pull-up resistor maintains
| | logic high state

I | 4 Disable buffer as output

12 4 5 Pull-up resistor maintains
logic high state; other
driver can drive signal

Note: Events 1 and 4 can be in quick succession.

Figure 12-4. Three-State Buffers and Active Pull-Up Buffers

Table 12-3 summarizes when active pull-up drivers are enabled as outputs.

Table 12-3. Active Pull-Up Resistors Enabled as Outputs

Signal

Description

When the MPC855T is the external bus master throughout the entire bus cycle.

When the MPC855T’s memory controller responds to the access on the external bus, thr