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NOTE: The Pentium™ Processor Family User's Manual consists of
three books: Pentium™ Processor Family Data Book, Order Number
241428; the 82496/82497 Cache Controller and 82491/82492 Cache
SRAM Data Book, Order Number 241429; and the Architecture and
Programming Manual, Order Number 241430.

Please refer to all three volumes when evaluating your design needs.
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PENTIUM™ PROCESSOR at iCOMP™ INDEX 510\60 MHz
PENTIUM™ PROCESSOR at ICOMP™ INDEX 567\66 MHz

B Binary Compatible with Large n
Software Base -
- DOS, 0S/2*, UNIX*, Windows*

W 32-Bit Microprocessor
- 32-Bit Addressing
~  64-Bit Data Bus u

W Superscalar Architecture
— Two pipelined integer units
— Capable of under one Clock per u
Instruction
— Pipelined Floating-Point Unit

B Separate Code and Data Caches

— 8K Code, 8K Write Back Data -
— 2-Way 32-Byte Line Size
— Software Transparent ]
— MESI Cache Consistency

Protocol

B Advanced Design Features
— Branch Prediction
— Virtual Mode Extensions ]

The Pentium™ processor provides the new
generation of power for high-end
workstations and servers. The Pentium
processor Is compatible with the entire
Installed base of applications for DOS,
Windows, 0S/2, and UNIX. The Pentium
processor's superscalar architecture can
execute two Instructions per clock cycle.
Branch Prediction and separate caches also
Increase performance. The pipelined floating-
point unit of the Pentium processor delivers
workstation level performance. Separate
code and data caches reduce cache conflicts
while remaining software transparent. The
Pentium processor has 3.1 million transistors
and Is bullt on Intel's .8 Micron BICMOS
sllicon technology.

273-Pin Grid Array Package
BICMOS Silicon Technology

Increased Page Size
— 4M for Increased TLB Hit Rate

Multiprocessor Support
— Multiprocessor Instructions
— Support for Second Level Cache

Internal Error Detection

— Functional Redundancy Checking
— Built in Self Test

— Parity Testing and Checking

IEEE 1149.1 Boundary Scan
Compatibility

Performance Monitoring

— Counts Occurrence of Internal
Events

— Traces Execution through
Pipelines

Upgradable with a Future Pentium™
OverDrive™ Processor




PENTIUM™ PROCESSOR at iCOMP™ INDEX 735\90 MHz
PENTIUM™ PROCESSOR at iCOMP™ INDEX 815\100 MHz

H Compatible with Large Software Base =~ B Dual Processing Configuration

~ MS-DOS#, Windows$, 0S/24, UNIX{ w  pulti-Processor Support

N 32-Bit CPU with 64-Bit Data Bus — Multiprocessor Instructions

B Superscalar Architecture — Support for Second Level Cache
— Two Pipelined Integer Units are H On-Chip Local APIC Controller

Capabile of 2 Instructions/Clock — MP Interrupt Management

— Pipelined Floating Point Unit — 8259 Compatible

M Separate Code and Data Caches B Internal Error Detection Features
— 8K Code, 8K Write Back Data B Upgradable with a Future Pentium™
— MESI Cache Protocol OsgrDrive"" Processor

W Advanced Design Features B Power Management Features

— Branch Prediction

— Virtual Mode Extensions — System Management Mode

— Clock Control

W 3.3V BiCMOS Silicon Technology B Fractional Bus Operation
B 4M Pages for Increased TLB Hit Rate — 100-MHz Core / 66-MHz Bus
m |EEE 1149.1 Boundary Scan : — 100-MHZ Core / 50-MHz Bus

— 90-MHz Core / 60-MHz Bus

The Pentium processor (735\90, 815\100) extends the Pentium processor family, providing performance
needed for mainstream desktop applications as well as for workstations and servers. The Pentium processor
is compatible with the entire installed base of applications for DOS, Windows, OS/2, and UNIX. The Pentium
processor (735\90, 815\100) superscalar architecture can execute two instructions per clock cycle. Branch
prediction and separate caches also increase performance. The pipelined floating point unit delivers
workstation level performance. Separate code and data caches reduce cache conflicts while remaining
software transparent. The Pentium processor (73590, 815\100) has 3.3 million transistors and is built on
Intel's advanced 3.3V BiCMOS silicon technology. The Pentium processor (735\90, 815\100) has on-chip dual
processing support, a local multiprocessor interrupt controller, and SL power management features.

1 Other brands and trademarks are the property of their respective owners.



intel.

ABOUT THIS MANUAL

The Pentium™ Processor Family User's Manual, Volume 1: Pentium™ Processor Family
Data Book is divided into two parts. Part I, Chapters 1 to 16, contains information pertaining
to the entire Pentium Processor family as well as information specific to the Pentium
Processor at iCOMP index 510\60 MHz and to the Pentium Processor at iCOMP index
567\66 MHz. Part II, Chapters 17 to 32, contains information that pertains only to the
Pentium Processor at iCOMP 735\90 MHz and the Pentium Processor at iCOMP index
815\100 MHz.

The name "Pentium Processor (510\60, 567\66)" will be used in this document to refer to the
Pentium Processor at iCOMP index 510\60 MHz and at iCOMP index 567\66 MHz. The
name "Pentium Processor (735\90, 815\100)" will be used in this document to refer to the
Pentium Processor at iCOMP 735\90 MHz and at iCOMP index 815\100 MHz. "Pentium
Processor” will be used in this document to refer to the entire Pentium Processor family in
general.

Since the majority of the information in Part I also applies to the Pentium Processor (735\90,
815\100), Part II will be used to describe the additional features and differences of the
Pentivm Processor (735\90, 815\100) as compared to the Pentium Processor (510\60,
567\66).



TABLE OF CONTENTS

PART | — Pentium™ Processor (510\60, 567\66)

CHAPTER 1

PINOUT Page
1.1, PINOUT AND PIN DESCRIPTIONS .......cciiiieiiiceintencr st aecatneseseseesas s s maeenee 1-1
1.1.1. Pentium™ Processor (51060, 567\66) Pinout...........ccccoeveeerireniveeccririccnesnneceenenens 1-1
1.2, DESIGN NOTES ..ottt crers e s e sstes s e saessnsessasssssenaasssacssasessecssnen 1-6
1.3. QUICKPINREFERENCE ...........ccoiiieeriirecrrenceerternessnesnesssaesssessnnasaessaneessessanee 1-6
1.4. PINREFERENCE TABLES........ccoioiieeteeirrrce et s e srae e frortereeenraas 1-14
1.5. PIN GROUPING ACCORDING TO FUNCTION.......c.cceertierneicrienieinnresecnacsses e 1-17
1.6. OUTPUT PIN GROUPING ACCORDING TO WHEN DRIVEN.........ccccoenerciniricennne 1-18
CHAPTER 2

MICROPROCESSOR ARCHITECTURE OVERVIEW

CHAPTER 3

COMPONENT OPERATION

3.1.  PIPELINE AND INSTRUCTION FLOW.......ccoctiiiiirieniinneceirereseessnessessansosaesssessonens 31
3.1.1. Pentium™ Processor Pipeline Description and Improvements ............cccceceeeeeen. 3-2
3.1.1.1, INSTRUCTION PREFETCH .....oocciiiiiiiniiiiiiniieses s cseeeaesenasssanesnesssansns 3-3
3.1.2.  Instruction Pairing RUIBS...........cccciiiiiiiiniiiiirrcr s eeresaeasne s sanees 3-4
3.2. BRANCH PREDICTION .....cciiiiiiiiiiiiniieniennes e estaeseseseessssssaesssessmsessnsorrenseessanns 35
3.3. WRITE BUFFERS AND MEMORY ORDERING..........ccccceimmmaninirnncennirecsennreesseennens 3-6
3.3.1.  External Event Synchronization ...........cceeevvverrierimiiesiiesecsiesceesinsveesnesaeeseneenns 37
3.3.2.  Serializing Operations ..........cc.icivviriiiiieiiiieienessr e s eesaseesessaaenes 3-7
3.3.3.  Linefill and Writeback Buffers .............c........ ....3-8
3.4. EXTERNAL INTERRUPT CONSIDERATIONS .... ....39
3.5. MODEL SPECIFIC REGISTERS. .......cccooitiiireriritenttent et cneesssesaessescaasssnsssssnansesanes 3-9
3.6.  FLOATING-POINT UNIT...c.cooiiiiiiiiririeeinrecsteneercstnsse s s s asaessnesaesssassssssssnassasanes 3-10
3.6.1.  Floating-Point Pipeling Stages ..........cccccerierceirieerinirsiesnricereeeeneceresseeseresssnesseenns 3-10
3.6.2.  INSHIUCHON ISSUE........ciiiiriiciicetetie ettt st er e n e s e saae e nneaes 3-11
3.6.3.  Safe Instruction RECOGNItION .........cccceritiriiriiirieiieciineeeese e aeeesseeseesaesssensereseans 3-11
3.6.4. BYPASSES ...eeiiiieiiiieiirtienit et s e e e s e e st e e s s e e s ene e et ae s santenanteseanas 3-12
3.6.5. Branching Upon Numeric Condition 8odes ...........ccceecvnieniniiieercnnicecencieeene. 3-13
3.7.  ON-CHIP CACHES ...ttt sve st s ssa s resaa e nteensenstan .3-13
3.7.1.  Cache Organization.................

3.7.2.  Cache Structure..........cc..e.......

3.7.3.  Cache Operating Modes

3.7.4.  Page Cacheability ...........ccooerieniiiiniiii ettt e s aan et eeans
3.7.4.1. PCD AND PWT GENERATION......cccooiiirtieiinerrreerresnecaessaeeseasenasssnesnnsnnes 3-18



L]
CONTENTS ano

Page
B.75.  INQUIre CYCIBS ...t ree e sre s e se e s ne s s sbe e e aenae 3-21
3.7.6.  €ache FIUSKING .......ccceooeirirriiecrsiiner st eressba e sse e eesasse e eesnessstesns 3-21
3.7.7.  Data Cache Consistency Protocol (MES! Protocol).........ccocvveveivininienvenieennnnns 3-21
3.7.7.1. STATE TRANSITION TABLES ..ottt esn e sreesesaeanenes 3-22
3.7.71.1. REAU CYClB........ocveiiiii s 3-22
3.7.7.1.2. WO CYCIB ...ttt sn e es e s e s saesareae s st e s e s s r e aevaesnanonns 3-23
3.7.7.13. Inquire Cycles (SNOOPING) ........c.ccevvireiecimivsieninismssiricsinsssssrsnessessimernssese 3-25
3.7.7.2. PENTIUM™ PROCESSOR CODE CACHE CONSISTENCY PROTOCOL....... 3-26
CHAPTER 4
MICROPROCESSOR INITIALIZATION AND CONFIGURATION
4.1,  POWER UP SPECIFICATIONS .......c.cccooruminmmsrissimmmmannsinmnmmissesssssesasssesssssesassenes 41
4.2. TEST AND CONFIGURATION FEATURES (BIST, FRC, TRISTATE TEST MODE) ..4-1
4.2.1.  BuiltIn SOl TESL...... .ot erreeree st s eresess e sseressasersesassaessresnns 4-2
4.2.2. Tristate TESEMOB.........ccciciiiiiieicitccnntenr e esre e e e e s e saresaee e s tsvasesseranesaeenns 4-2
4.2.3.  Functional Redundancy Checking.............ccocvreirrireecreniensensneissrenrnsssseserssessnensenses 4-2
4.3. INITIALIZATION WITH RESET, INIT AND BIST... ..4-3
4.3.1.  Recognition of Interrupts After RESET.......... .45
4.3.2.  Pin State During/After RESET .........ccccoviiririiririrnniiinreceesiseesnnsseserseessesssneenans 4-5
CHAPTER 5
HARDWARE INTERFACE
5.1,

qaaananaananannnnnnnenan

GPONLOCORPNONAON=O-



5.
€
5

Page
HLDA ..ottt s et s aes s s b s e e s e e e sne e 5-38
HOLD ...ttt sttt s e sa st as e e st sa e s s s ansnne 5-40
JERBH# ..ottt et es s ne s s s s net s s s s n s e sreesn s e e sannenas 5-42
IGNNE# ..ottt s s sbe e st s s sen s s esneneas 5-43
INIT Lttt et s ss e et a s s nen 5-44

NN N O ANAARANNANARAAATAAT A AR O
AR RLBRAIBEEIEGRON2BBENSHRER2EBIND

CHAPTER 6
BUS FUNCTIONAL DESCRIPTION
6.1.  PHYSICAL MEMORY AND I/O INTERFACE .........cccecsieeerecreeenaeeeseesesseesensesessesns 6-1
6.2. DATA TRANSFER MECHANISM .........cocoiiniioiriiiirerieeesrennenesessassesseesesssesessessesnes 6-2
6.2.1.  Interfacing With 8-, 16-, 32-, and 64-Bit Memories...............ccccerververererrcnecnereennn. 6-5
6.3.  BUS CYCLES ...ttt eneer et e e seas s sase e saessssesnesenbessnebnan 6-10
6.3.1 SiNGIE-TranSEr CYCIB........ccoivueiciieciieiiteereteeeeessenesresssseseessnesessesssssassessesesans 6-12
6.3.2.  BUISECYCIES... oottt sttt e sre e b e sre e s beeneeas 6-14
6.3.2.1. BURST READ CYCLES.........oooiiereeetre ettt esan e s esasssnnessanesen 6-15
6.3.2.2, BURST WRITE CYCLES ........ctiitee ettt sttt sns s snecesssssessnsesssesnne 6-17
6.3.3.  Locked Operations............c.ceveririiieereresseeererseessennns eeeereraeaeserebenre et aerenseres 6-19
6.3.3.1. PROGRAMMER GENERATED LOCKS AND

SEGMENT DESCRIPTOR UPDATES.........ccooteieecre et caee e ssanesene 6-19
6.3.3.1.1. Cached Lines in the Modified (M) State..............ccccoeverieviiineeceeeereesseee e 6-19
6.3.3.1.2, Non-Cached (I-State), S-State and E-State Lines.............ccccceereervrecneenneen. 6-20



CONTENTS

6.3.3.2. PAGE TABLE/DIRECTORY LOCKED CYCLES.........cccoviiiierrerieeeeice
6.3.3.2.1. Cached Lines in the Modified (M) State.........c.coccvvviiviniiiiniiine,
6.3.3.2.2. Non-Cached (I-State), S-State and E-State Lines....................

6.3.3.3. LOCK# OPERATION DURING AHOLD/HOLD/BOFF#
6.3.34. INQUIRE CYCLES DURING LOCK# .......cocoiriiiiitieccccie s esinaeeenens
6.3.3.5. LOCK# TIMING AND LATENCY .....ooiiiiiercecner et sssessesae e
B.83.4. BOFF# ..ot s b st aa e reeenene
B.3.5.  BUSHOI ..ot e e
6.3.6.  Interrupt ACKNOWIEAQE. ..ot
-6.3.7. Flush Operations............cccoiiiiiiiniini e
6.3.8.  Special Bus CYCIES........cccoviriiiiiiiiiiin et
6.3.9. BUS EITOF SUPPOTL ...cveinrieiiiiiiicciiiiic sttt s ne s nne s
6.3.10. Pipelined CYCIES..........ccoiiiiiiiiiiiiiieirte et
6.3.10.1. KEN# AND WB/WT# SAMPLING FOR PIPELINED CYCLES.........cccomeennnns 6-33
6.4. CACHE CONSISTENCY CYCLES (INQUIRE CYCLES) ........cccoceieinviinrnirinnceeneen 6-35
6.4.1.  Restrictions on Deassertion of AHOLD ..o 6-40
6.42. Rate of Inquire CYCIES ........ccoiiiiiiiiiiiiiiicc e
6.4.3. Internal SNOOPING.......cccocveerviririniinnnns

6.4.4. Snooping Responsibility
6.5. BUS DIFFERENCES BETWEEN THE Intel486™ MICROPROCESSOR

AND THE PENTIUM™ PROCESSOR .........coceciiiiinreniiniccnne e eanees 6-46
6.6. BUS STATE DEFINITION ...cccoiiiiiiirieniiertciire et ses s sas s srnessaessassnnesnnes 6-48
6.6.1.  State TransitioNS .........cccvveriieriiierii e s e 6-51
6.6.2. Dead Clock Timing Diagrams ...........ccccciniiiininiiniinninisecre et 6-52
CHAPTER 7
ELECTRICAL SPECIFICATIONS
7.1, POWER AND GROUND .....cooeiiiieiniicsre et siis s sn e s ssanaebs s snecnn
7.2. DECOUPLING RECOMMENDATIONS .......ccoociivmiiniiiiiiiiiinnnne e csee e eiaeens
7.3. CONNECTION SPECIFICATIONS. ..........cceevinriinnee :
7.4.  MAXIMUM RATINGS.........ccoviiiiiiiiniiicinee e
7.5. DC SPECIFICATIONS ..ottt bt n e s saan e ne e
7.6.  A.C.SPECIFICATIONS ..ottt it san st snn e
7.7. OVERSHOOT/UNDERSHOOT GUIDELINES
CHAPTER 8
/O BUFFER MODELS
8.1.  INPUT DIODE MODELS ......coiiiiiiieeerrccctne ettt sane b naens 8-6
CHAPTER 9

MECHANICAL SPECIFICATIONS

CHAPTER 10
THERMAL SPECIFICATIONS

xii I



i ntd ® CONTENTS

CHAPTER 11
TESTABILITY
11.1. BUILT IN SELF TEST (BIST)
11.2. TRISTATE TEST MODE ........ccoooirtirrererrrrerectee e e s enevneessnneenes ereseseenarneaee e
11.3. IEEE 1149.1 TEST ACCESS PORT AND BOUNDARY SCAN MECHANISM
Pentium Processor Test Access Port (TAP)
TAP PINS

11.3.1.3. TAP CONTROLLER STATE DIAGRAM

11.3.2.  BOUNCArY SCAN ...c..ooiciriiieciieeeer s s s ereeesssesssaesseesseessaeesresennassseassneanne
11.3.2.1. PENTIUM PROCESSOR BOUNDARY SCAN TAP INSTRUCTION SET ....... 11-12
CHAPTER 12

ERROR DETECTION

12.1. INTERNAL ERROR DETECTION.........coviiriiiiercrieneeresrcteceneereesaeessessssnessaesssesnnen 1241
12.2. ERROR DETECTION AT PENTIUM PROCESSOR INTERFACE.........ccc.cccoceevuennne 12-2
12.2.1.  AdAress Parity.........ccoocciiiiiiiciiiiiireecreinrcenssreeesses e sssesssessesseessesaessasssesssnanenn 12-2
12.2.2.  Data Parity........coocoiiiiiiiciiciiicrereertne e s s s ae e e rane s s s sana s nne e e 12-3
12.2.2.1. MACHINE CHECK EXCEPTION AS A RESULT OF A DATA PARITY ERROR 12-4
12.2.3. Machine Check EXCEPION ..........ccceciiiiriiiiiiiercieeesee e sesteeeesereesssnnessssessnnsesnns 12-5
12,24, BUS EITON ootiiiiiiiiriit et see e ete s nae s saae e s aesssnne s s s sa e e s e senaessnnensans 12-6
12.2.5. Functional Redundancy Checking...........c.ccoccvrrirviiriiiieinienceecieneeseeeeseeeeeenns 12-7
CHAPTER 13

EXECUTION TRACING

13.1. TEST REGISTER 12.....coiivririeiirriisere et eese e ssers e s e sessesessssssnesesasssnnes 13-2
CHAPTER 14

PENTIUM™ PROCESSOR (510\60, 567\66) POWER MANAGEMENT

14.1. SYSTEM MANAGEMENT INTERRUPT PROCESSING...........cccevvvveererereenrrnrnnnne 14-1
14.1.1.  System Management Interrupt (SMI#)...........coceeriiermrviicnnnieercienrrece s 14-2
14.1.2.  SMI ACtIVE (SMIACTH) ...ccoerviiiniieiiriecericcirest et tsesaenaestestesaessssnesessassssssessassens 14-3
14.2. SMM — SYSTEM DESIGN CONSIDERATIONS. ........cccccevieieteteneneeeneenreresneeenne 14-5
14.2.1.  SMBAM INBIACE. .......ccciiirieirieieic ettt ese e e b esaneaneseses 14-5

14.2.2. Cache Flushes
T4.2.3.  A20ME PN ..ottt et s sear s s e s stn e s sesaassesssasnssaese e sennnesaaannns
1424, SMM And Second Level Write Buffers

CHAPTER 15
DEBUGGING
15.1. DESIGNING IN A DEBUG PORT ......ccoociriieicrtrieeeetecereeese e steseeesesesssasesssssessennens 15-1
15.1.1.  Debug Connector DESCHPION..........cccceriiririeeriecre it se e s eesessessssne s 15-1
15.1.2.  Signal DESCHPLIONS.......cccviiiiiriiiiriee ettt ce s e e s esaeereeaseseearesssesssssssesases 15-2
15.1.3.  Signal Quality NOBS........c..ccoiririiinrecieciseetere et e e e e ras b s b saaas 15-3

15.1.4. Implementation Examples

l i



L]
CONTENTS |nU®

CHAPTER 16
FUTURE PENTIUM™ OVERDRIVE™ PROCESSOR FOR
PENTIUM™ PROCESSOR (510\60, 567\66)-BASED SYSTEMS

SOCKET SPECIFICATION Page
16.1. INTRODUGCTION ....ooiiieie ittt et st er e st s reesee s s s b s ane s ba e 16-1
16.1.1.  Upgrade ObJECtVES...........ceciniiiiiiiiiiiicr e 16-1
16.1.2. Intel Verification Program ..........ccccooiririiiiiiniiinnr st 16-2
16.1.3.  Functional Differences to the Pentium™ Processor (510\60, 567\66)................... 16-2

16.1.3.1. DEBUG FEATURE DIFFERENCES
16.1.3.2. Feature EnNhancements ............cccoeiiriiiiiiiiiniicre it
16.2. Future Pentium™ OverDrive™ Processor Socket
16.3. SOCKET 4 PINOUT ...oiiiiiiieiiiecireeeie e seeeeieeseee s s saeessrassssssessssnessasressansesenseseesannen
16.4. ELECTRICAL SPECIFICATIONS .......ooiiiecieecttecetirceesereeserenr e snressesnessnsasesnnen
16.4.1. Absolute Maximum Ratings For Upgrade
16.4.2. D.C. Specifications
16.4.3. A.C. Specifications ........c..cccerimireniniiicnt e
16.5. MECHANICAL SPECIFICATIONS
16.6. THERMAL SPECIFICATIONS
16.7. TESTABILITY oottt e e s st en e s sre s s ae s e s nae s e nenesaaneessannesnnas
16.7.1.  Boundary SCan ......c...ccceviiriiiiinniniinncie e e

16.8. INTEL VERIFICATION PROGRAM

.............................................................................................

PART Il — Pentium™ Processor (735\90, 815\100)

CHAPTER 17
PINOUT
17.1. PINOUT AND CROSS REFERENCE TABLES .........ccooiviiviincernnece 17-1
L 0 e O (3T | O PR N 17-2
17.1.2. Pin Cross Reference Table...........ccccceviiiiiiinniinine e 17-4
17.2. DESIGN NOTES ..ottt srceest ettt s eeeessn e s sesee s basssssaessssnasassenesen 17-6
17.3. QUICK PIN REFERENCE .......ccococtiriiiiiieiirerieriesres s ceretes s snes e saneesseeseesensesnennans 17-7
17.4. PIN REFERENCE TABLES ......cooviiiiriirtieriercrctenerssercsnes e sserssesssnes s nresennssnenes 17-17
CHAPTER 18
MICROPROCESSOR ARCHITECTURE OVERVIEW
18.1. PROCESSOR OBUECTIVES........ccocottrrteieinttecetiir e riseeeesseseineesnessessanessaessnesans 18-2
18.2. PENTIUM™ PROCESSOR (735\90, 815\100) DIFFERENCES FROM

PENTIUM™ PROCESSOR (510\60, 567\66)..........ccccceviereinnreerrierrereeierssesessesvanenas 18-3
18.2.1.  Pinout and PacKage .......c..ccceviiieiiiiiieie ittt sesba e saneae s 18-3
18.2.2.  CPUTYP PiN .ottt s rte s s e eesar e s eeaeeeenr e e e saeessnsesasnnesssnesnnen 18-4
18.2.3. Up To 100-MHz Internal Core FrequenCy ...........ccccceerereeriireesieneeccnssesvnnerneeeeas 18-4
18.2.4. Fractional SpEed BUS ..........ccciiiiiiiiiie ettt e ee 18-4
18.2.5. 3.3V ANd BV POWET SUPPIY ..ooveierririeriietcettesiecte st enivesessaeeseessreessessanesasaeenns 18-5
18.2.6. Lower Power DIiSSIPation .........cccccviiieiiiiii ittt s e e e saneecnaneeennns 18-5
18.2.7. Dual Processor SUPPOI .........oeiiiiiiiiieieciieeeeettee e e ee e e e e seneeesssntaenesseeannes 18-5
18.2.8. Local APIC Interrupt COMTONET .............ooooiieiieieeiriieeee et ee e e e e 18-6
18.2.9. Power Management FEatUres ...........c..cciiivviiiiiiieeieee e envneaes 18-6
18.2.10. Breakpoint PINS ...ttt s b e ens 18-6
xiv



intel. conTents

Page
18.2.11. Hi-Z TAP INStIUCtON .....ooveieciiiieeie e edeer e sne et e e eeaens 18-6
18.2.12. BUS CYCIBS...coii it s e s e an e s e n s ba e e s arn s 18-7
18.2.13. HOLD LaeNCY ..ottt st snne e sare b ssaa e 18-7
18.2.14. Interrupt Priorities. ... 18-7
18.3. SUMMARY OF DUAL PROCESSING DIFFERENCES FROM UNI-PROCESSING . 18-8
18.3.1. Locked CycCle SEQUENCES ........c.cociiimiiiiiririete et 18-8
18.3.2. Cycle PipeliNiNg.......cocoiiiriiiiiiiiiiii it s e
18.3.3. Cycle Ordering Due to BOFF# .
18.3.4. Cache Line State........cccovveiriereniiiec e
18.3.5. Back-t0-Back CYCles ...ttt
18.3.6. Address Parity Checking ..........ccocoiiiiiiiiiiniicncetne e
18.3.7.  Synchronous Flush# and Reset..........c.cccociininnnnnniicceee e 18-10
18.3.8.  PCHKH# ASSEITION ...ooceiiiiiciiriice ettt 18-10
18.3.9.  FIUSH CYCIES ..comiiiiiiiiiiiie sttt ac s 18-10
18.3.10. Floating Point Error Handling.............ccoviiiiiiiiiiicencee e 18-11
18.4. INTRODUCTION TO DUAL PROCESSOR MODKE .........ccccoroiviiiiinniiniinicciien 18-11
18.4.1. Dual Processing Terminology ........c.cocceerirerierniicecininsnreneressnresssnnsessnneecnanes 18-12
18.4.2. New Pins / Pin Modifications..............ccoeivriiiiinciniiiniiiin s 18-13
18.4.3. Dual Processing OVEIVIBW............cccvrieiiiiminiinnininnicnnninecesnee s 18-14
18.4.3.1. CONCEPTUAL OVERVIEW .....c..oiiiiiiiiiintincieni ettt csnee e 18-14
18.4.3.2. ARBITRATION OVERVIEW.........cooiiiiiiiirrniccnrcneee et 18-15
18.4.3.3. CACHE COHERENCY OVERVIEW ........ccoiiiiiiiinicnrie e 18-16
CHAPTER 19
COMPONENT OPERATION
19.1. FEATURES AND DIFFERENCES .........cccooiiiiiticinnnrcicnnre et cennens 19-1
19.1.1.  Fractional Speed BuUS ........c...cccoieiriiiniciiiinnieesinisir e 19-1
19.1.2. Selectable BUffer Sizes ..........c..occciiiiiiiiiiiciic 19-4
19.1.3. Power Management: /O Instruction Restart ..............c.ccoeverrrereerereernnerereneneenns 1
19.1.4. Power Management: Stop Clock and AutoHalt Powerdown.............cccccovvvenrunnnnne 19-4
19.1.5.  APIC Interrupt Controller..........cocoviiieiiiiiiniiiiicie it e e sve e 19-5
19.1.6.  INOrrupt PHOMIES. ...cocveeiiiiii ittt s s saeeea 19-56
19.1.7.  CPUID INSHIUCHION ..ottt n e aesses e senenne 19-6
19.1.8. Bus Cycle and Latency Differences ........c..cocvvercriincnnnccecceccecrecceseccreceeeeene 19-7
19.1.9.  Breakpoint Signals ...........cccccriiiiriiiinicnicrece e st 19-8
19.1.10. New Tap Instruction: Hi-Z.......c.c..ooceeviriiiniiniiiiinnccccvnercssserene s 19-8
19.2. APIC INTERRUPT CONTROLLER..........ccceiitiiiieiientceciniscssinecrense s re s 19-8
19.2.1.  APIC Configuration Modes ...........c.cccouciriiiiiiiiier e 19-10
19.2.1.1.  NORMALMODE ..ottt see s sae e 19-11
19.2.1.2.  BYPASS MODE .......ccoiiieiieeiretecrectesteesteesee e e esssnaessneseesssaesssessseenasenan 19-11
19.2.1.3.  THROUGH LOCAL MODE ......ccctiriiiienrienerercirnieariesiaeesereseesessesssesnsasssesans 19-11
19.2.1.4.  MASKED MODE .....c.ooriiiietie ettt ete et an e 19-12
19.2.1.4.1.  Software Disabling Implications........c..c.ccceccerriiiiriiniieiee e, 19-12
19.2.1.5. DUAL PROCESSING WITH THE LOCAL APIC ........cccoeiereereeerieeereeeee e 19-12
19.2.2.  Loading the APIC ID.......cocoiiiiiiicieiteiieee et ere et et sae s e sssesbae e e v e neenaens 19-13
19.2.3. ReSpoONSe tO HOLD .......oooiiiiiec ettt e e erareneeeenes 19-13

I ' xv



]
CONTENTS I nu ®

CHAPTER 20
MICROPROCESSOR INITIALIZATION AND CONFIGURATION Page
20.1. MANAGING AND DESIGNING WITH THE SYMMETRICAL

DUAL PROCESSING CONFIGURATION.......cooiiiiirrenireeerece e erer s eeesacsrnessaeas 20-1
20.1.1. Dual Processor Bootup Protocol...........ccceiiniiniiniinneiniececcienniesieieens 20-1
20.1.1.1.  BOOTUP OVERVIEW .......ccoiiricrienriinssieiectsins e ansssescsessesssassiassssaesas 20-1
20.1.1.2. BIOS/OPERATING SYSTEM REQUIREMENTS .......cccccomiininirineicieeeens 20-1
20.1.1.3.  SYSTEM REQUIREMENTS......c.ciiiiiiiiintinnctcnne e ne s s saeesen e snes 20-2
20.1.1.4. STARTUP BEHAVIOR........ccocteiirrerrecretcnenreseionancans peesesstenteree e aree e 20-2
20.1.1.5. DUAL PROCESSOR OR UPGRADE PRESENCE INDICATION.........c.ccccucev. 20-3
20.1.2. Dual Processor Arbitration............ccccecriiiniiiiciinie e erecsesse e cenane 20-3
20.1.2.1.  BASIC DP ARBITRATION MECHANISM .......... pescerserenresnesaesesanassaerenasseaesntn 20-4
20.1.2.2. DP ARBITRATION INTERFACE .........cooiiierrcrntenreneenenersieseresseessne e 20-4
20.1.2.3. DP ARBITRATION FROM A PARKED BUS ........ccoccooircccriecnriineesen e 20-7
20.1.3. Dual Processor Cache ConsiStenCy........c...ccccviciriiiiinnniecinnnecnseeenneessssscennes 20-8
20.1.3.1 BASIC CACHE CONSISTENCY MECHANISM .........cococimimiiicnirnncnniccnenane 20-8
20.1.3.2. CACHE CONSISTENCY INTERFACE .......ccooiimmieneceeeeenrrerecrensieeeessentenenees 20-9
20.1.3.3. PIN MODIFICATIONS DUE TO THE DUAL PROCESSOR .........ccccoeevireinnns 20-10
20.1.3.4. LOCKED CYCLES.......ccctrticricritcnteie st ssanssresnessaesssssssssassanas 20-10
20.1.34.1.  Locked Cycle Cache ConSiStency ............cccovvceriniinriisienieeisssnnecnnneinnneas 20-10
20.1.3.5. EXTERNAL SNOOP EXAMPLES .........ccovmimniniininiinccninninsnecsnneonne 20-11
20.1.3.5.1. Example 1: During a Write to an M State Line.........c.ccecceevrcivirivcnncncrnnns 20-11
-20.1.3.56.2.  Example 2: During an MBM Self-Backoff ...........cccovvverniuiivnnnnccniniinnnne 20-13
20.1.3.6. STATE TRANSITIONS DUE TO DP CACHE CONSISTENCY ........cccccovvivnes 20-15
20.2. DESIGNING WITH SYMMETRICAL DUAL PROCESSORS............cccevmnernnvinnnne 20-18
20.2.1. Dual Processor Bus INterface ... eeceeee s eaees 20-19
20.2.1.1. INTRA- AND INTER-PROCESSOR PIPELINING...........ccceerrirrnririrenriinnecnen. 20-19
20.2.1.2.  FLUSH# CYCLES.......c.cciiiiiircicreicstenencnnesns e essas s e s sanessessenens 20-20
20.2.1.3. ARBITRATION EXCHANGE — WITH BUS PARKING ..........cccccocvmniiiinennans 20-21
20.2.1.4.  BOFF# ..ot ®.....20-22
20.2.1.5.  BUS HOLD. ..ottt sassnesesesssees s sensessaessnessssassnsensns 20-22
20.2.2. Dual Processing Power Management .............ccccccvervrerniniennneeeninereonnesessnenesnnee 20-23
20.2.2.1.  STPCOLKH# ..ottt es e saassssssna s e assnssssnasnns 20-23
20.2.2.2. SYSTEM MANAGEMENT MODKE ........ccoeirmiriecrieerteeee e saesemnenensens 20-23
20.2.3. Other Dual Processor Considerations...............cococvvvviinvcnnecnnneninnncesennees 20-23
20.2.3.1. STRONG WRITE ORDERING.........ccccoontiririrerrienreninecrecceeesrnesinseseeesesesenne 20-23
20:2.3.2. BUS SNARFING.. ..ottt tcreeteses s esvessres e s ese e s e esesessesnesnas 20-23
20.2.3.3.  INTERRUPTS ..ot ctsresne e sseserese e snas e s sessnnssnanasssnnssnanes 20-24
20.2.34. INIT SEQUENCES .......cccceiirtiiecrintirtie st scecserenssnsssesssesaessnesaesaesesenssssans 20-24
20.2.3.5. BOUNDARY SCAN ......ccooriiriiriiiiiiinienesieecresesesrssesseesssssessessesssesssessesnns 20-24
20.2.3.6. PRESENCE OF A PROCESSOR IN SOCKET 5.......ccecoerveerreverneenrereeneeenns 20-25
20.2.3.7. MRM PROCESSOR INDICATION ........coeeeeeeeeteecreceecrecrnesseseseeesaeeenne e 20-25
20.2.4. Dual Processor Pin FUNCONS..........ccoiiiriiiiciieceec ettt ceeteceae e eeber e e 20-26
CHAPTER 21
HARDWARE INTERFACE
21.1. DETAILED PIN DESCRIPTIONS........cooi et se et ste e veseeessssesesasessseens 21-1
21000 A20ME oo ettt e ar e e ae e e e e raeeaeeenteenrreans 21-2
21120 ADSH ...t et e b e a e e sae s b aa et ertesaneenbeeees 21-3
21,130 ADSCH ...ttt e et e e e ae e s e e eaa e beennaaenns 21-4

xvi : l



CONTENTS

intal.

APICEN ...ttt ea et s es bbb e snae s e snnes 21-6

PO Giir G (i ir QR (i QY

SDmLaLLLLaun
JozodNdpua

NRORNRNRNRNN
wh=o

NN
pirgpig
-
-
Hw

21.1.15,
21.1.16.
21.1.17.
21.1.18.
21.1.19.
21.1.20.
21.1.21.
21.1.22.
21.1.23.
21.1.24.
21.1.25.
21.1.26.
21.1.27.
21.1.28.
21.1.29.
21.1.30.
21.1.31.
21.1.32.
21.1.38.
21.1.34.
21.1.35. SMIACT#
21.1.36. STPCLK#
21.1.37.
21.1.38.

CHAPTER 22
BUS FUNCTIONAL DESCRIPTION

CHAPTER 23
ELECTRICAL SPECIFICATIONS
23.1. ELECTRICAL DIFFERENCES OF PENTIUM™ PROCESSOR (735\90, 815\100)

FROM PENTIUM™ PROCESSOR (510\60, 56766) .......c..covvvemeereeereeresereresesesens 23-1
23,11, 3.3V POWET SUPDIY ...ttt eae s ee st e e s e ess s esaeeaesesss s s s eneseans 23-1
23.1.2. 3.3V INPuts AN OQUIPULS ......oouiiiiiietiiierie ettt e st e e ae 23-2
23.1.3. 3.3V BUEI MOEIS........cooreeeeeteererecctin ettt eere s e se s e ereeaeeeeneens 23-2
23.2. ABSOLUTE MAXIMUM BRATINGS.........cooeceietiieritererecssteseeeceeevensesssesemeseeesaneanes 23-3



CONTENTS

23.4. A.C. SPECIFICATIONS
2341, Private BUS ..ot st e e st e eae
23.4.2. Power ANd Ground...........cocoeeriveninnneeennenieeenesssonsessnmsssssseessnessssesssnse

23.4.3. Decoupling Recommendations
23.4.4. Connection Specifications
23.4.5. A.C.Timing Tables

.........................................................................................

234.5.1. A.C.TIMING TABLE FOR A 50-MHZ BUS.........cc...oovorsserrorsnseeressoresonnns 23-8
23.45.2. A.C. TIMING TABLES FOR A60-MHZ BUS .........cccceonmrenriirnreicnercenisinnnnee 23-13
23.4.5.3. A.C. TIMING TABLES FORA 66-MHZ BUS. .......cccccerviriiireiienccecsecreenane 23-18
CHAPTER 24

/O BUFFER MODELS

24.1. BUFFER MODEL PARAMETERS ........coooiiiiiiiiniireinessnnsssscssssassssnnsssosanessonnens 24-5
24.2. SIGNAL QUALITY SPECIFICATIONS........ccciiictrsivenrcneresnrescnscsensessssassossesesessnens 24-8
24.2.1.  BINGDACK.......ccciiiiiiiec e b saae e 24-8
2422, SeliNg TIMB ..ot et e e e sesnneae 24-9
CHAPTER 25

MECHANICAL SPECIFICATIONS

CHAPTER 26

THERMAL SPECIFICATIONS

26.1. MEASURING THERMAL VALUES ........cccocctirireiricteerrereineessnessinsssssssessesensosnne 26-1
26.1.1. Thermal Equations and Data ............ccccceiiiiieiiiiniiiirne e sereervesressereseesessesensns 26-2
CHAPTER 27

TESTABILITY

27.1. BOUNDARY SCAN 3.3V CONSIDERATIONS.......c.cooieiteettrenecsccscneeseesnseeiees 2741
27.2. BOUNDARY SCAN CHAIN ....ccccoiiiiiiiiiniiiitecnieisiisnnesee e sinnecssesssesssnesssessanssos 27-1
CHAPTER 28

ERROR DETECTION

CHAPTER 29

EXECUTION TRACING

29.1. EXECUTION TRACING CHANGES ..........ccooceirirnirnecientesseensenenseseressenesenesennens 20-1
CHAPTER 30

POWER MANAGEMENT
30.1. PENTIUM PROCESSOR (735\90, 815\100) POWER MANAGEMENT

DIFFERENCES VS.PENTIUM PROCESSOR (510\60, 587\66) .......c.ccocverevrccrennnene 30-1
30.2. SYSTEM MANAGEMENT INTERRUPT VIA APIC ........cceovreiercneenrerrceneeeennesseennes 30-1
30.3. /O INSTRUCTION RESTART ......cociiiiitiirinirtecininecssnsssesnesnesaesntiossassnencssnssananness 30-2
30.3.1. SMl# Synchronization For I/O Instruction Restart .........c..cccoeoiiieiririienenicnennnens 30-2
30.4. SMM - DUAL PROCESSING CONSIDERATIONS.........cccooiicinnennenissneassessneeons 30-2
30.4.1.  SMIE DEIVEIY.......ooieiiiiiieeier ettt et st e s s e e s s ese e s ne e s mnee 30-2
30.4.2.  SMIACTH ..ottt et st e ae e e s eesn e s e s esas s ee e sansensaesbaenas 30-4
30.4.3. Cache FIUShES ............cooiiiieiiiiictcerte e 30-4

xviii ;
”



