B S

User’s Manual in

Volume 2: 82496/82497 Cache Controller and
82491/82492 Cache SRAM Data Book

Pentium™ | Family s tel

e

One good thing

1994 — Pentium™ Processor
(90 & 100 MHz)

1979 — 8086 and 8088 CPU

leads to another...

1982 — 80286 CPU

and another...

1985 — Intel386™ CPU

and another...

1989 — Intel486™ CPU

and another...

1993 — Pentium™ Processor

‘and another...and

By
V45,
yi
'

-



B §049/80407 BEBERIHE
5 82491 /82492%5—@%E SRAM mm

= (%X}%&)

e R ER W



(iP)#EFH 305 §
| RERE HEE

OB AW dRH 1994 T
(1904 % Intel @ﬁ]ﬁ)’cﬁmﬁmim:o -
A% % STAR T ED AR HH R AT 16785 38 SR A — U B R R R AT LB A B ——
Intel 2 ABHT, ERRSEERBREAE FRECRETEARLIEBRE

BEIORMKEE, HAR, RITH EMAREEX LRI RETHEN., BH.
HARFERTT,

™ RIH P FH
$% 82496/82497 BWEBIFISHIR

5 82491/82492 i ¥ iE BT SRAM 2R F M
GEICHO
bR R MR R T
( LW HRE 5005  BEEMRES 200063 )

L5 R ENR T ENRY
FFA 787X960 1/16 %P3k 36
1994 5E 10 HES 1B 1994 4E 10 B& 1 IKEPRY

ISBN 7-5427-0931-3/TP « 232} . 80.00 &




TABLE OF CONTENTS

PART | — 82496 Cache Controller and
82491 Cache SRAM

CHAPTER 1 : o

PINOUTS ‘ Page

1.1.  PINOUT DIAGRAMS.............c.c..... eeenreeesaresseessrenssaeeraarernaeeerareasaevannaneseasnanesennen 1-1
Pentium™ Processor PINOULS .........ccccocccrveiierreeerersseeeressionesssnsesecssasssasses eerernrans 1-1
82406 Cache Controller PINOULS.........cocovieiiniiinniccireniintesesneseseneneeseesanes :
82491 Cache SRAM Memory Pinouts ... .

PIN CROSS REFERENCE TABLES ......
Pentium Processor ................... Sershreeeesisteesessasieserbaeessetstesienanstasebbtesesrannrransnennre 1
82496 Cache CONtroller.............cccevveeiieeecriereccirennresesnneessssnes erreeeeenrrsentearaaeeenaans

o=

wio’

14,
1.1.
1.1.
1.2
1.2,
1.2.
1.2,
1.3.

CHAPTER 2
CACHE ARCHITECTURE OVERVIEW '
2.1, MAIN FEATURES .........ccciviirirericreeressnnecssnnnesaeeseesaesanssesseensssnsneane peveresnenseeeaens 2-2
2.2. CPU/CACHE CORE DESCRIPTION.......cccoescririsinreesssnnnrsessseesessnssmsssssnessssssesesses 2-2
22.1. 82496 Cache Controller ..........cc...cceereiimiuriccneinceivedonnne. wreesiedbresnsasesesatesteneane 2-2
222, 82491 CaChe SRAMS ........ccoviiieciinreiriertnsesreesssreessesessasssesessesessrasasssesnssenes
2.2.3. Memory Bus Controller.............cuivcceeneierenicrvmessnrrerssessrssnssessesivsesscesssivesseensen
2.3.  CONFIGURATION .........ooiiiiiiritirictnerrrtresrerssessneessnerasasanessassasessassansrssees rasarensrsanans
2.3.1.  Physical Cache.............. S O SO
2.3.2.  SNOOP MOABS ........cceveniirnniiiiiniiiiniii it sn e naenens
SYNCHRONOUS SNOOP MODE........ccccovvenene
CLOCKED (ASYNCHRONOUS) SNOOP MODE.
STROBED SNOOP MODE ...................... D, evesseesisietares e e s eas e b s naesaaeans
Memory Bus Modes..........cccereeseeerenreeennseneesnssensssennns eeenenneesaneans evernens veereaens

)
ww
NN
N =

T wwwbdNE
= Wi

N -
g'i
X
Q
@
m
O
=
m
<
(o}
X
<
@
[
w
=
o
Q
m

-------------------------------------------------------------------

Pentium processor BUS INTERFACE. ...........c.cccocovcevvreeereennveccvinnne reerenrnnsaeasenens

82496 Cache Controller/82491 Cache SRAM OPTIMIZED INTERFACE .................. 2-8

MEMORY BUS INTERFACE ........cceenueerrerereersseeceesaecsrennesessesseeseesosessessessssssesneenanas 29
SNOOPING LOGIC.....ccceereirirerieerirenctinteesaessterssrssssssssesseeseeseesssessssessessassssesssseesasssses
Cycle Control Logic

PRONPRONNPD
NODONPWRLW
P

' ‘ il



CONTENTS

CHAPTER3 . - |
COMPONENT OPERATION Page -
3.1.  WRITETHROUGH CACHE DESIGNS .......ccoeiiiiiieniennieeeeciececenae e s s ee s 3-1
3.2. WRITEBACK CACHE DESIGNS..........cooceriieireiirecnenetccseesvesesneesreesaseesessnnsenesnsns 3-1
3.3. 82496 CACHE CONTROLLER CACHE CONSISTENCY PROTOCOL .........cceeneee. 3-2
3.4. MESI CACHE CONSISTENCY PROTOCOL MODEL..........cccocereirereeermrrereserneennenen. 3-2
3.5. BASIC MESI STATE TRANSITIONS .........coocoiiiiicciicecrrces e nrnereseens 3-3
3.5.1. MESI State Changes Resulting from CPU Bus Operations............. ivivererreeeenennens 3-5
3.5.1.1 READ HIT......cccoeecivreans Bttt n e et st e e sae e et e R e e ente s re e aaaenteereens 3-5
3.5.1.2 READ MISS.................. Vivreeseineeenteressesesssneneeiani Crteere et eae s e srerenens 3-6
356.1.3 WRITE HIT ottt e e ee et e b e s bs s e et s s seeenaenens 3-6
35.1.4 WRITE MISS ...ttt e et siaee 3-6
35.1.5.  WRITE MISS WITH ALLOCATION. ........oveoveeeemeeeeeeeeeeseseeesmeseessessessesseoeese e 37
3.5.2. MESI State Changes Resulting from Memory Bus Masters...............ccccueuneun..... .. 37
3.5.2.1 SNOOPING : v e,

35.2.2 CACHE SYNCHRONIZATION

3.6. MES| STATE CHANGES FOLLOWING CYCLES WITH SPECIAL ATTF!IBUT ES

3.6.1.  Cacheability Attributes: PCD, MKEN# ................ errerinereniaans eeeenrenneinnens eereiiraenens
3.6.2.  Writethrough Protocol: PWT, MWB/WT# e ereeeneeen

'3.6.3.  Read Only Accesses: MRO# .ovoe oo Seseertaisosnsrnssasanssasnenas
3.6.4. Locked Accesses: LOCK# .........c..ccooevveevniiivncnnnene reeeseere sttt aeereraaea

3.6.5 Direct-To-Modified Attribute: DRCTM# .......c.cccceveieereieeceeeeeeseesmsesleees e enes s

3.7.. STATE TRANSITIONS ..ottt e s e ee e ev e e ee et s s eeee e e eessos

3.7.1. CPUBUS SIGNaIS ......occoceeiereeciereeiectccerececce st ene s

3.7.2. Memory Bus Signals...........cvevueireneceeniii et

3.7.3.  Tag State and Cycles Resulting from State Transitions '

8781, - TAG STATE....ooitietreintnce et testseers s ensetesessesoesessssssestssesestons -
3.7.3.2. CYCLES RESULTING FROM STATE TRANSITIONS ........ivvevieieeeeeereerrivennns 3-12
3.7.4. MESI State Tables (82496 Cache Controller State Changes) .............................. 3-14
3.8. PRIMARY TO SECONDARY CACHE COHERENCY .......... eideriaienn et e nee s 3-17 -
3.8.1, INCIUSION ...t e sr e re et s e es s e e :
3.8.2. Inquire and Back-Invalidation Cycles :

3.8.3.  Wirite Once Policy........ Berisaetieesie e et e e s a e e e e atnebe b nsaaeeeesanieeenennnn

3.8.4. MES]| State Tables (Pentium Processor Cache Chip Set State Changes)

CHAPTER 4 :

CACHE INITIALIZATION AND CONFIGURATION

4.1.. CONFIGURATION SIGNAL SAMPLING DURING RESET ........oovooeveeeeeieoeeooo 4-2
4.1.1. Initialization Required for Chsp Set Mode...........ccovveevenennnnn. et erenen et eseanennnnns .-4-3
4.2, 7 PHYSICAL CACHE .......cocoovit ittt ee e et ssasas s e es e eaenns 4-4
421.  Memory Bus Width .............c.eernene.n. Streressisnssasesesesastesesstertrsnisatinnsantansesntesetsnasnan 4-5
4.22.  LINE RAOD ...ccccuveeeeeieeee e e eeee e e feverreenerereesaeesrenes 4-5
4.2.3. TagRAM Size ................................. 4-5 -
424. TagRAM Structure..................... g .. 4-5
4.2.5, Lines per Sector (L/S) ................................ 4-7
4.2.6. Cache Siza......cccccveeiiivreverirecrerennnn, 4:7
4.2.7.  Configurable Address CONNECHIONS .............coeeveevemereereeeeeseeeeeeeeooeoeoeoeeooeoo 4-7
4.2.8. . 82491 Cache SRAM Bus Configuration 4-9
4.29. 82491 Cache SRAM Parity CONfIQUIAtion..............coeeeeeemeeeeeoeeeeeooooooooo 4-9
4.2.10. CPU to 82491 Cache SRAM Address Configurations .....................o.ooovevvevvono. 4-10
4.2.11.  Bus Driver Buffer Selection .................cceeveeeeeeeeeerreeeeeeeeeeeeeeeeeeoooeoeoeeoen, 4-10

viil e
- i



| ln'U. | | 4 . CONTENTS

,. ‘ Page
4.3. CACHE MODES......... OO Aeserer e et bansas et i e sae b ereeas eeeresorieisansorsrensens 4-10
43.1. Memory Bus Modes.............cccvvurcnnrenen Lelesiveneed PR TN treresasreneeeans -11
4.3.1.1.  CLOCKED MODE..........ccovniinieenneresineisanissisiesssacesssssdsssnessessrsesiiisinessesaneased -11
4.3.1.2. STROBED MODE.........ricnslurniivnrsnsiosmssinsensissessesasieniisinngesses ferveereenens -11
43.1.3. CONFIGURATION OF MEMORY BUS MODE . 4-12
4.3.2, SNOOP MOUBS ........oceiiiiiiiiircirnireircsrn il fvesaebeb e s inesseseneessssaesiressassasasarnnsanes -12
43.2.1. CONFIGURATION OF SNOOP MODE i fenooranni -12
4.3.3. - Strong/Weak Write Ordering..................... rttiesasteresntnessenasnsaissnassasebas frereeneen 813
4.33.1. DESCRIPTION ........ccccccennens eedeiasieleesnenisineasunattsasnertessntssassaiesnnssbnesernareensanes 4-13 -
43.3.2. CONFIGURATION............ Cerremsesbuieienenesboninisarassanibnsstenansnesnessrareseeransasasennns 4-13
CHAPTER 5
HARDWARE INTERFACE :
5.1. MEMORY BUS CONTROLLER CONSIDEHATIONS ....................... e 8°1
5.1.1.  CYCle CONMIOL..........cocciriiicciiesinnieinreese st e siee e saesaeseaninnes et ssniassssnesssesasnsas 5-2
5.1.1.1, IDENTIFYING AND EXECUTING CYCLES.....cvrviivinccnines eveeerreee e eaenaeeas 5-4
5.1.1.1.1. Read Hit............ccoceveiineneiiivninnens ferretegestestrensaste s ta s g aaeniereneaearesnt it asaennenns 5-7
5.1.1.1.2. Cacheable Read Miss .......... _
5.1.1.1.3. = Non-Cacheable Read Miss....... ' ot TR ; :
5.1.1.1.4. WIS HIETEL TM] . orveeceieie et eesaeesenseesesseseenes e e s sessneaeen reereeeaens
5.1.1.1.5. Write HIt [S]....ooeerteernccnceesien s etreetresentesersaisdesaert et retanesnaraneane
5.1.1.1.6. Wirite Miss: No Allocation, Allocanon ' :
5.1.1.1.7. "Replacement..........cccvverrrvsineerinineinnen, rereriennne e aeaetenes
5.1.1.1.8. Snoop Writeback ' -
5:1.1.1.9. " Locked........crtvpeieniinsnenns
5.1.1.1.10. Caché-To-Cacﬂe Transfer........... _ - ,
5.1.1.1.11.  Read For OWnBrahip...........c.cce..evzereerenns eeereeiieeea e e ae e ee e annaes
BA.1.1.120 VO CYOIBS...cniiicnreceiencererctente et ias b eassivsesssressssncseessenaesaeasins
511,113, 8pacial CYClas ..........coiiiiretccerie e vse e sese e aessae s s eneeian
5.1.1.1.14. FLUSH and SYNC Cycles ..o, reieeeeennen
5,12, SNOOPING.......cccinirniseraeerirernaionnnennennes it eet e s e rensenaans reeeeee et e aieans
5.1.2.1. CHOOSING A SNOOPING MODE
5.1.2.1.1. ‘Synchronous Snooping Mode...............cccc.ieciinnnnnen.
5.1.21.2. Asynchrondus Snooping Mode ...
6.1.2.1.3. Strobed Snooping Mode...........
5.1.2.2. SNOOP OPERATION ........cccovrrierenererennnesssestsessssessenesiosessanss Ciieanaeraenennens :
. 5.1.2.3 SNOOP BLOCKING .......c.ccevrerrererriivnnereieeesestenssesisessessosesessesssesssesssesssnsens
5.1.2.4 WHEN SNOOPING IS NOT ALLOWED
51.2.5. SNOOPING DURING LOCKED CYCLES :
5.1.2.5.1.' Snooping during Split Locked CYCIes ............ccueeeeeeeeeieeerereeesesssessneseensin 522
51.26.  SNOOP WRITEBACK CYCLES ......cocoiirriircrieieeisere s eeeeeesessesesssnsesessensans 5-23
5.1.3. Address INtBgty .........cccvvevvrieiieeireeeimereeeseeieeesesinnesssenss [ ST 5-23
5.1.3.1. CPU BUS ADDRESS PARITY ......ccocvveeerereeeecriseesneieeeeesseessenes ereeereneaaenas 5-24
5.1.3.2. MEMORY BUS ADDRESS PARITY ........c.cciirivieeiecsienne e enesessnens terrenreaesi 5-24
5.1.4. Data Control......cccoceiiiiieieiieect et eriereee s e saresesaeessnesssesnsesssssnnsesseeenes 5-25
2.1.4.1. CPU DATA BUS TRANSFER CONTROL .......c.coeevneerieeieeeeecveesenens eerereenarenan 5-25
.1.5.

Memory Bus Mode Selection ............ ereeeeesnes redeseert et e een e e e e aaesaeaeaaen e 5-26



gooaaaaaOaan AOOOOAOONNNCI G oK

CONTENTS _

o Page
1.6. 82491 Cache SRAM Intelligent Dual-Ported Cache Memory...........cc.iciiniinennnn. 527
1.6.1. 82491 CACHE SRAMDATA PATH.......cccoovvcvincnnciin Eitereeasiiandeeians Nvesiesassns 5-27
1.6.2. MEMORY CYCLE BUFFERS........cc.ccoceniiniieinnedidinde it 5-28
1.6.3. WRITEBACK AND SNOOP BUFFERS.........cooiiiiniiiiid it ccenenss 528
1.6.4. MEMORY BUS CONTROL SIGNALS .......... fareeeenniiibic i dinie ST 5-28
1.6.5. 82491 CACHE SRAM PARITY DEVICES .............................. SR UCR 5-30
1.7.  Signal Synchronization.................iiiaiiioniiinnniiin i i see e 5-31
1.8, Warm ReSeL........occocciiviiiincin s e de e ebes e s rass s s nr e e s sssnee s e 5-32
1.9. Handiling of Large Caches/Larger L|ne SiZES...eeeieereeeennias SUPET Mreesereennanens '
1.10. 82496 Cache Controller Guaranteed Signal Relationships.......
1.11. 82496 Cache Controller Cycle Progress Requirements .............cccccevrverreerrueennnnns
1.12. 82496 Cache Controller Input Signal Recognition Requirements ............. -

1.13. 82496 Cache Controller and 82491 Cache SRAM CRDY# Reguirgments...........

1.14. 82496 Cache Controller Cycle Attribute-Sampling Requirements,.............co.pei.e. 5-3

1.15.  Pentium Processor, 82496 Cache Controller and 82491 Cache _

) SRAM BRDY# Heqwrements..,.;.............................................................-.‘ ........... 5-35
1.16. 82496 Cache Controlier Cycle Progress Signal Sampling Requirements.............. 5-36
1.17. 82491 Cache SRAM Data Control Signal Requirements..............c.ceeeurererrrrereinnes 5-37
1.18.  Semaphore (Strong Write Ordering) CONSISIONGY ..........cireererrrsiresepunscrensssinens 5-37
2. DETAILED PENTIUM PROCESSOR CACHE CHIP SET PIN DESCRIPTIONS ...... 5-39
2.1.  Signal/Category Cross-Reference :
2.1.1. CONFIGURATION SIGNALS
2.1.2. SNOOPING SIGNALS .......co.cvereeeeriseecteresis s sessess s sassssessssessenieeseensensiaens
2.1.3. CYCLE ATTRIBUTE/PROGRESS SIGNALS
2.1.4. CYCLE CONTROL SIGNALS
2.1.5. MEMORY ADDRESS BUS AND ADDRESS CONTROL SIGNALS
2.1.6. MEMORY DATA BUS AND DATA CONTROL SIGNALS.........

2.1.7. CACHE SYNCHRONIZATION SIGNALS.........c..cccovvveenennns ppesase) !
5.2.1.8. CPU SIGNALS ..ottt eessesa s ses st asaeeseteessmnesars boelemeenenennen 5-40
5.214.9. . TEST SIGNALS .......c.cooririitereetesstere e esassessseiesspestessasenns g anesuasassseseeneranens 5-40
5.2.1.10. PENTIUM PROCESSOR BUS OPTIMIZED INTERFACE SIGNALS ............ ....5-40
5.2.1.11. 82496 CACHE CONTROLLER/82491 CACHE SRAM. - '

oo OPTIMIZED INTERFACE SIGNALS........ cvecveeesmsinecseesenessneseeesesecsssessesessnns 5-40
5.2.2.  Pentium Processor Cache Chip Set Detailed: Pin. Descriptions.
5.2.2.1. A[31:3)/A[15: 0]
5.2.2.2. A20MH#.....ooviiiieiiniiiie e Fimsaeadiitennsesigens baresarorsine 5-42
5.2.2.3. ADSH ....oieeeerieterete ettt PRRYS
5.2.2.4. ADSCH ....ccoeecvensiiviireninen,

6522.5. AHOLD.......ccoeevmrcvrcvnrrenne.
5.2.2.6. AP .ot
5.2.2.7. APCHKE «....vvrrererereereeeete i
5228 APERR# ...

52.2.9 APIC#

5.2.2.10. BE#,BE[7:0}#...

5.2.2.11 BGT#

5.2.2.12. BLAST#

5.2,2.13. BLE#.

5.2.2.14. BLEC#

5.2.2.15 BOFF#

5.2.2.16. BP[3:2], PM/BP[1:0]

5.2.2.17. BRDY#

5.2.2.18. BRDYC#

X




5.2.2.19.
5.2.2.20.
5.2.2.21.
5.2:2.22.
52.2.23.
52.224.
. §5.2.2.25.
5.2.2.26.
5.2i2:27.
5.2:2.28.
5.2.2.29:
5.2.2:30.
5.2.2.31.
52.2.32.
5.2.2.33.
5.2,2.34.
5.2:2.35.
5.0.2,36.
5.2.2.37.
5.2.2,38.
5.2.2.39.
5.2.2.40.
5.2.2.41;
52.2.42,
5.2.2.43.
52244,
5.2.2.45.
5.2.2.46.
5.2.2.47. -
5.2.2.48.
5.2.2.49.
5.2.2.50.
5.2.2.51,
5.2.2.52.
5.2.2.53. -
5.2.2.54.
5.2.2.55,
5.2:2.56.
52257
5.2.2.58.
5.2:2.50.
5.2.2.60.
5.2.2.61.
5.2.2.62. -
5.2.2.,63. -
5.2.2.64.
* 5.2,2.65.
52.2.66,
5.2.2.67.

CDATA[7:0]
CFA[6:0],SET[10:0), TAG[11:0]
}

B R T T T T T P T PR P SR




. e
CONTENTS : “11'4‘_

B2.2.68.  KENH ..o oooumieooeeemeeseoseenesssesssseseseesssesssessss s sssasssasssssssessasessssssssesssssssssaseses 5117
5.2.2.69.  KLOCKH .......oeerresreerssesssssssssssssssessssessssmsssnsssssssssessassssnionss B X £ -
5.2.2.70.  KWENDS ......c.covvverremreisresssssrsesssssssnsssssssssssessesssssssssssssssssneasssessssesseses 5121
5.2.2.71.

5.2.2.72.
5.2.2.73.
5.2.2.74.
5.2.2.75.
5.2.2.76.
5.2.2.77.
5.2.2.78.
5.2.2.79.
5.2.2.80.
5.2.2.81.
5.2.2.82.
5.2.2.83.
5.2.2.84.
5.2.2.85.
5.2.2.86.
5.2.2.87.
5.2.2.88.
5.2.2.89.
5.2.2.90.
5.2.2.91.
5.2.2.92.
5.2.2.93.
5.2.2.94.
5.2.2.95.
5.2.2.96. -
6.2.2.97.
5.2.2.98.
5.2.2.99. )
5.2.2.100. MSELH ....oooovveerruereeeerenseessssesssessessssessssssssesseseesesseseseesessseeseesseseseseeeseerene 5-166
5.2.2.101. s
5.2,2.102.
5.2.2.103.
5.2.2.104,
5.2.2.105.
5.2.2.106.
5.2,2.107.
5.2.2.108.
5.2.2.109.
5.2.2.110.
. 5.2.2.111.
5.2.2.112.
5.2.2.113.
5.2.2.114.
5.2.2.115.
5.2.2.116.
5.2.2.117.
5.2.2.118.
5.2.2.119




- L .
InteL CONTENTS

Page

5.2.2.120.
5.2.2.121.
5.3.2.122.
5.2.2.123.
5.2.2.124.
5.2.2.125.
5.2.2.126.
5.2.2.127. eeeeseerion
5.2.2.128. SNPCLK w.oooooooeeoeseveesesssesseeesessessssassssssessssssesesssessssssessessecssssasesseecenns R T
5.2.2,129.
5.2.2.130.

.5.2,2.131.
5.2.2.132.
5.2.2.133.
5.2.2.134.
5.2.:2.135.
5.2.2.136.
5.2.2.137.
5.2.2.138.
5.2.2.139.
5.2.2.140.
5.2.2.141.
5.2.2.142.
5.2.2.143.
5.2.2.144.
5.2.2.145.
5.2.2.146. :
5.2.2.147. WRARRH.....ccooooerrrrrercrreeererene e e e es et 5-222
5.2.2.148. WWOR#.............. eeserereeeseeeetetessesReE RSO R RO R AR BRSO AR AR b S A RS 5-223

CHAPTER 6

MEMORY BUS FUNCTIONAL DESCRIPTION

6.9.  READ CYCLES ..ottt te e tseese et sesasssssassenssssasssssssanssns PO '6-1
d. REAd Hit CYCIES ..ot
2.  Read Miss CYCIBS.......ccccoveririeriesmnrenincst st et aapes
.21, . WITHCLEAN REPLACEMENT ......cooclvervreeentneesssssssssssssacsnces persresessenereenas
1.22.v WITH REPLACEMENT OF MODIFIED LINE .....cccoceuerrrimcnnnmincscssiscsnsnnseenns
1.3.  Nop-Cacheable Read MISS CYCIES v.vrrsvvvrs s s e
2. WRITE CYELES..........oooccooomcieees s sossssssssssssssssessssssssssssssssssessssesssnsanssesessssessenss
21. Wnte Hit to [E] or [M] State CycCles...........ccocvmriiinsiinninnennnnasinsnnesssssseens.
2.2,  Write Miss with No Allocation or Write Hit to [S] State Cycles ... .
2.3.  Write Miss with Allocation Cycles .........c.cccvuiiiieininiiiineeninnnsas
3. LOCKED READ—MOD!FY—WRITE CYCLES .....oiirceraericnssenenisssessssnesessesssinensasssens

4.  SNOOP HIT TO {M] STATE SYNCHRDNOUS SNOOP MODE .............. RSP 6-18
6.8, 10O CYCLES.........;._... O TS SO SO SOOI OSSN 6-21

CHAPTER 7

ELECTRICAL SPECIFICATIONS

7.1. POWER AND GROUND.........ooveeeeeeeeeeeeeeeeeeeeeeeeevesesessessssssnsensiesescsessssessssssessssssessas 71
7.2.  DECOUPLING RECOMMENDATIONS ........oeeeeeeeereeeeeereeseeseseeseeseosessessseessssassases 7-1
7.3.  CONNECTION SPECIFICATIONS.........ooveeeeeeeeveeseeessasssssessssesessessssssessessseessassanes 7-1

' _ il



CONTENTS "Ttd@

Page
7.4,  MAXIMUM RATINGS ......cccviemreieriecieeercreen st s sae s e ssesssesesssessasssosesssssasasessssssanas 7-1
7.5. DC SPECIFICATIONS.. ... ..oieeireteetrererres e ree e see s e s et s st sn s ae e nsesen sonanes 7-2
7.6. AC SPECIFICATIONS ........cootiiiircrirccrneirets s sas st snssanans eetrnenens 7-4
7.6.1.  OpHMIZOA INTBIACE ........cccvviveierciriieeecerentreresseisarsesnssessssseciusesssaesaesesesnsanssess 7-4
7.6.1.1. FLIGHT TIME SPECIFICATION.........cccceivinersiiinncinccnrcenneecaneas IR ]
7.6.1.1.1. 66-MHz 256-Kbyte Flight TImes ... 79
7.6.1.1.2. . 60-MHz 256-Kbyte Flight TIMeS ........cccerirviicriinniecnnicninsensnseenninneeeenn 7212
7.6.1.1.3. 60-MHz 512-Kbyte Flight Times ..........ccceviiiienicnneend reererentseassanesersararane 7-15 -
7.6.1.2, SIGNAL QUALITY ....ccoreerrcrnacnne .7-18
7.6.2. External Interface ....... RN .7-20
7.6.2.1, 66-MHz AC SPECIFICATIONS .........cocciorneiiennnreescrerenssneenesssnsesssssescssessnnesss £22 1
7.6.2.2. 60-MHz AC SPECIFICATIONS .........cociiirirenerceneneeceecesicscsnesens erseeneaserasse 7-32
7.7. OVERSHOOT/UNDERSHOOT GUIDELINES............c.cecoiveueereeerneenens [OOSR 7-50
CHAPTER 8
VO BUFFER MODELS v
8.1. OPTIMIZED INTERFACE BUFFERS. ..........cocciiirirerrecreeneessaeerecesenemrssssasssaesees .82
8.2. EXTERNAL INTERFACE BUFFERS.........ccoooircircecreceee e eerreeeaeeeeiens 8-5
8.3. INPUT DIODE MODELS......cccoviiirriintin e sscsssessenssseessenssenes . 8-6
CHAPTER 9 .
MECHANICAL SPEGIFICATIONS
CHAPTER 10
THERMAL SPECIFICATIONS
CHAPTER 11
TESTABILITY ' v
11,1, BUILT-IN SELT TEST (BIST)....cccerritrrirentrecrrernereirenesessetesessessesessessenssssssssseressnss 111
11.2. BOUNDARY SCAN ....cooiiiiciiiiinitirenniiesrstnsesnesssseesssesssssesssseassnsssassessssssssensaeass 11-2
11.2.1. Boundary Scan Architecture ..............c.ceerpinreciiasinnnnn pesseseetaeisssianessaiesutnasanassantan 11-3
11.2.2. Test Data ROGISIErS...........cccoiceeitreieierireircerre st rcee s e e s sn e e s ssessesessnasssenasns 11-3
11.2.21.  BYPASS REGISTER.........ccecvrurrrerierenerenreeserseseresesessssessssssssiessrasangessasssases 11-4
11.2.22. BOUNDARY SCAN REGISTER............ ...11-4
11.2.2.3. DEVICE IDENTIFICATION REGISTER .........cctienireivenresesenenessinesinsanseessenas 11-6
11.2.2.4.  RUNBIST REGISTER ..o ssnseriesioenssnnasasnns easassieeaes .11-6
11.2.3.  INStUCHON ROQISIEN........c..cioieeiiiciieececetscrectncseesnr st er s s n s seesaessssesniansanssssassns 11-6
11.2.3.1.  Pentium processor Cache Chip Set BOUNDAHY SCAN INSTRUCTION SET..11-6
11.2.4.  Test Accass Port (TAP) COMIOMET ..............ciccerierieerensinsssaissesiorsessereesesssssessmnsenss 11-8
11.24.1. TEST-LOGIC-RESET STATE .....cccreveerrrcivennns erseteaerrteaeseaganeagenanpessensaisseseen 11-9
11.24.2.  CAPTURE-IR STATE...c.coorereteeeeerceeereveesseseeessesnen sepenesieenceesasenseniesnnrenenane 11-10
11.2.5. Boundary Scan Register Cell ..............c..iuieriiveessermienionenereessseessrinsbenionesssssns 11-10
11.25.1. PENTIUM PROCESSOR BOUNDARY SCAN REGISTER CELL .. 11-10
11.2.6.2. 82496 Cache Controller BOUNDARY SCAN REGISTER CELL ..... 1112
11.25.3. 82491 Cache SRAM BOUNDARY SCAN REGISTER CELL ......cecevvervemirennne. 11-13
11.2.6. Boundary Scan Description Language (BSDL) .........cccceecrreveirseerscneereesencsensenns 11-13
11.2.7. Boundary Scan Signal Descriptions.............ccccccvvierrnerrierrisersenssssenses evsennnenrengennes 11213
11.3. 82491 CACHE SRAM TESTING.......cccceeeevrrrrrrrerererverseennes eveteenaeenrsssanreenssnnensien 1114

xiv - l



Intelo : CONTENTS

PART Il — 82497 Cache Controller and

82492 Cache SRAM
CHAPTER 12
PINOUTS
12.1. 82497 CACHE CONTROLLER PINOUTS ......outritieiiieceeireereeeeeseereneeeeson R 12-1
12.2. 82492 CACHE MEMORY PINOUT .....ooeeiteeieceee e e e e etaeeasseeaeaeeaamrssssenees 12-4
CHAPTER 13 , ,

. PRODUCT OVERVIEW AND OPERATION _ Page
13.1. FUNCTIONAL DIFFERENCES............ Gaeneveesecsssssseasnansaassasetsanrtteeessasannsensisasnrsesasanan 13-1
13.1.1.  BT[3:0] ANd MBT[3:0].....covueererereecrererereveneseesesasaesennane ievseeesseraresresntaessannsesaens 13-1
13.1.2. JTAG Scan Chain.......c..cc.ecereeus. PR 13-1
13.1.3. Electrical & Thormal DIffOrenCes ............ccoceveesscererseeressessisesessessesssssisesssssessosseses 13-1
13.2. CHIP SET INTERFACE.............cccovvumne. Sretereersesassaeereesistesaarrennetiaesasrarraterasentasinnnnns 132
13.2.1. Interface Overview........... . :

13.2.2. Chip Set Buffer Types

. CHAPTER 14.
ELECTRICAL SPECIFICATIONS E S
14.1. ABSOLUTE MAXIMUM BATINGS..........cccooveecrcrevrererecneneenes teseeeesireneenesiesnenes 14-1-
14.2. D.C. SPECIFICATIONS.........cccoveiretriireeneinreeteseeieneeseesessesessesssesssssnsssssansene reverees 14-2
14.3. A.C. SPECIFICATIONS........ccocteireininirsnrinienrinanseesnenessesssssesnesessississsinesesasssessenes 144
14.3.1. Optimized Interface ................cccoeeriveoeecrrinenn. bretesssriesterssaeesaaeseaeernns eereeneeas 14-4
14.3.1.1.  FLIGHT TIME SPECIFICATION......0ccccvvieuecririeeereieneeseeienessesaeesssnessenssnnesenses 14-5
14.8.1.1.1.  60-MHZ Flight TIMeS .......cocivviiriiictrinerecee e cs s sae e ene s 14-6
14.3.1.1.2.  66-MHZ Flight TIMOS.......ccccreeietetieectrreetceree e e ers s 14-10
14.3.1.2. OPTIMIZED INTEFIFACE SIGNAL: QUALITY SPECIFICATIONS ................... 14-14
14.3.1.2.1,  Ringback................. .
14.3.1.2.2.  Settling Time...
14.3.2. External Interface
14.32.1. EXTERNAL INTERFACE A.C. TIMINGS ......vvurereemreerieeeemeesreene freesesnenas oo 14-19
14.3.2.2. EXTERNAL INTERFACE SIGNAL QUALITY ....... freeeerenenas et 14-36
14.3.22.1. RINGDACK........cciinirircrrrierieerertrerreee e ivneenees Lestesesssnsaretasssiatsastessestnanerans 14-36
14.3.22.2.  Settling TiMe........ccoeerrirriecinircrniriiinncniie bekidedanriaennas seivseenieeinnennn 14-37
CHAPTER 15
/O BUFFER MODELS .
15.1. OPTIMIZED INTERFACE BUFFER PAHAMETEHS.........., ..................................... 15-1
15.2. EXTERNAL INTERFACE BUFFER PARAMETERS.........ccooveureeeerenereeetsssnessensnnisens 15-6
CHAPTER 16
MECHANICAL SPECIFICATIONS
CHAPTER 17 .
TESTABILITY v
17.1. 82497 CACHE CONTROLLER JTAG SCAN CHAIN .............. Heereereseessaetenenaaesaens 17-1
17.1.1.  Pentium Processor (735\90, 815\100) JTAG Scan Chain ............cccovveeerecivveenereeens 17-2

I . XV



. L B
CONTENTS , “1@«; “

CHAPTER 18 - .

THERMAL SPECIHCATIONS
APPENDIX A
SUPPLEMENTAL INFORMATION
Figures
Figure Title Page
1-1. Pentium™ Processor PiNout (TOp VIEW) ..........ccceesfuueesreseenseinennsanans cessrerrenteieees 11
1-2. Pentium™ Processor Pinout (Bottom View) .......c.....coceeniiiinl, Lia1-2
1-3. 82496 Cache Controller Pinout (Top View).............. 1-3
1-4. 82496 Cache Controller Pinout (Bottom View)...................... cveeenes 1-4
1-5. 82491 Cache SRAM Memory Pinout (Top Vlew) .................. ~1-5
1-6. 82491 Cache SRAM Pinout (Bottom View)....... .. 16
1-7.  Brief Pin Description Table Cross Reference 1-14
2-1, 82496 Cache Gontroller Biock Diagram...:.........c.ceeeviiveerennnnen. : , 2-3
2:2. 82491 Cache SRAM Block Diagram...................... RS S eerende s e aaieeans 2-4
2-3. MBC BIOCK DIagram ..........ccovciiviinienieienirititrne e ees ettt 2-5
3-1. State Changes............ceceririiiercireeterereree et er et csn et snnns reeserricnns 355
3-2. Pentium™ Processor Cache Chip Set Cache INCIUSION .iuveviveivnivecviceerasinns isearans 3-17
4-1, 82491 Cache Controller/82491 Cache SRAM Conflguratlons with the Lo -
Pentium™ Processor...........ceevenniivenennnrenenanns PP SRR R I

4-2, Configuration Input Sampling...............ccou...... peeesenerenrie s ire e e b baae st sraenesnesnnas 4-2
4-3. CPU-Cache Chip Set Configuration INPUtS...........c..ceeeuesfieereneimseeeavecenss retreseseses 4-3
4-4, Two-Way Set Associative TAgRAM StrUCIUFS.............cciiceinreiierecnerieiseereseseeneones 4-6
4-5. Address Latching.........c.ceereerenninnineceninvseeeseecesensiines 5 Cheereenneeeeeensnntens 4-8

. MBC Block Diagram ........, OO PO OO0 SO E SRR S PP eireereeeasines 5-2
5-2. Memory Bus Cycle Progress and Attribute - Signals,...cociivininiivniinreenriee e ... 5-3
5-3. Cycle Progress Signals and Responses.............ccueun..... crrerineenni 5°3
5-4, Synchronous Snoop Mode..........cccoeverreeiieerieenreesnineene reeesesbesbnederarenaneeniasnen 5-13
5-5. Clocked Snoop Mode.............ccocouvermreneninsenrnenreenenssseseenens aneeineshensesanis siriennnn 85714
5+6. Strobed SN00P MOME........ccveeeceieieiniityinseeseneeseesisssseeesessmeessesnsiendasenanasesnsnsios 5-15
5.7. . 82496 Cache Controlier Snooplng Operanons..,; ................................ Lorpaaveneroreias 5-16
5-8. Fastest Synchronous SNOOPING. .........cccvrerrrerrereereriresisseeessescssessivsseseeneessssasns 5:17 .
5-9. Fastest Asynchronous Snooplng..................,, ..................................................... 5-17
5-10. SNOOPS WIthOUL INVANALION. ... ee oo 5-18
5-11 SNnoops With INVAIAAtION ..........ccoeviiriiiiiiceeec et e assd 3..5-18- ~
5-12. Snoop Response During Cycles...............coeevvvvvereerccnreeveeeennns eveees yiysneseriis veniinn 5719
5-13. Snoop Response Blocking Using BGTH# .......coovrimenciinnnnns esrerre e tenrannasane 5-20
5-14, Snoop Executing before BGT#.is Asserted ................ eeerereeenerenrrasaannneans eeriangenen.5-20
5-15. New SNPSTB# Not Allowed..............0 .cccoreeeeeeeersieeories i, eeveerreenes ....5-21
5-16. Cycle Progress for Snoop Writeback Cycles ............icccceeeeeeeeeceeeennnn. ....5-23
5-17. MAPERR# Timing for Synchronous Snoop Mode : .5-25
5-18. MAPERR# Timing for Asynchronous Snoop Modeés ........... HRYF I ;.6-25
5-19. BRDY#/BRDYC#/BRDYC1#/BRDYC2# Interconnection .. 5-26
5-20. 82491 Cache SRAM Read Data Path ........... 6-30 .
5-21. Pentium™ Processor/82491 Cache SRAM Data Parity Connectnons RO -2} |
5-22. 512K Cache, 64-Bit Bus ........... P R Frrbeestessesnnnaarieioriseisisseneisessaniassnngeiannes 5-33
xvi




- ' .
ll‘l'l'el. _ CONTENTS

Figure Title
5-23. BLEC# Deassertion Due to ADS# ASSertion............ccccooveerimrerreerseecrinrneniseensencranns -
5-24, BLEC# Assartion Due to CNA# or CRDY# ASSErtion............i.ceveeeeeerneesnersisrenennnns
5-25. BLEC# Assertion Due to Hit in 82496 Cache Controller TagRAM '
5-26. KLOCK# to LOCK# Relationship........c.ccveeeecereeecrrceniiinerinsseseneesvnernssdenseennnns
5-27, MAPERR# TITING.......ccotrtrenrreieierrenreesereseeessaesssesessnassessssersssessnsasaness e
5-28. MFRZ# Sampling.......c.coouireinmiemriiiicn it eseeeesaee e sasssssesene
5-29. Increasing Hold Time of Output Burst Data .........cccccccveeevvvevveierevrersveeceinsinnns .
5-30. MZBT# SampliNg........ccoveiiririeinir e eeeestersressnsesaeerarssnersaassseasassssnesinasaneens
6-1. Pipelined Read HitS ..........coovericirimiiiiececccereree e e e e crns e sraneenn e s
6-2. Read Miss with Clean Replacement.............c.ccoceeiivrenrsenernieesinnecnnieeeneeeeesseeas
6-3, Read Miss with Replacement of Modified Line ..................... rertees et etereereaaaaeens
6-4. Nonh-Cacheable Read Miss ............c.ccceceereerinnccineninnnnccniennennnss e ate s enes
6-5. Wirite Hits 10 [E] or [M] State CyCles.......co.cevveiireeieeies e steeesseseaead
6-6. Write Miss with No Allocation or Write Hit to [S] State Cyclas ..............................
6-7. Write Miss with Allocation to Modified Line...........cccccvievecrrciinnecrecencnnrenninend
6-8. Locked Read Modify Write CyYCIas...........ccceiciirvenrerevreniercinnenereseresenesiresaneessnsanein
6-9. Snoop.Hit to [M] State — Synchronous SNOOP MO .......covceivnreeeennecnese e
6-10. HO CYCIBS ..ot lerrcneresnsaessesessessesessaesnesasseneens ermersensarssesneacnansd
7-1. Determination of Flight TIMe ........cccccevrvvreiierinesieenee e Tereeeieens
7-2. Derating the Flight TIMe..........c..cceciniiiiirirrciecrccne st
7-3. In-System Measurement of Flight Time........ccc.cccevereeerurmeeeesiineriieecriecceeseseeneneas
7-4, Driver and Receiver Signal Waveforms Showing Signal Quality Parameters........ 7-19
7-5. ClOCK WaVEIOM ......cotreiieiirecieeciee e erceie e ssae s st e snee s s aesnneessanessnanensd N 7743
7-6. Valid Delay TIMINGS .........cccoveeriienrininirriienrenieeressiaeessee e aese s ressssessesseesesens 7-43
7-7. -Setup and Hold TIMINGS.........icoiivininiiiitinecesnrere e ssesse e ins . 7-43
7-8. Setup and Hold Timings in Strobed Snoopmg Mode......ccciriinreieeree e, 7-44
7-9. Reset and Configuration Timings ....... diaesessnessssisenerens eeeristes ettt eaesneraan 7-44
7-10. Memory Interface Timings ..........ccccemrecrnrvirencereeenerieersennnis rreessnreessnasinteesnneenanne 7-45
7-11. Setup and Hold Timings t0 SIODOS ..........ccccuurieeermeiieireriorieerisseeseseeseeeeecostennenens 7-45
7-12. Setup and Hold Timings MxST.............. iviseseieaeses i esa e ettt s ae s e bt erasesananees 7-46
7-13. . Valid Delay Timlngs from Strobes erivivnsnasens iiveene Lesaiesesisaneeeeaneanntssarnesetnnenasnnernns 7-46
7-14, Test Timings....... e diseesitensiievennnssnsesonnassstisseasteseresnassbiesisdanessanarsnsenasiessannsasaneanes 747
7-15. Test Reset Timings........ O T S SO USUTUUR TR 7-47
7-16.  Active/Inactive THTHRGS .............cccvirieiinnineinnenreenrennesaniesneneeeeesesensssesens reereennn 748
7-17. Overshoot/Undershoot and Ringback Gundelines ............... rrresrtessresreenesenesaeranes 7-50
. 81, First Order Input BUHBT..........cccoerieiiinninninrenteesiscesie e ssesres e ssestesesstssessessnas 8-1
8-2. First Order OUPUL BUFFEE ...........occconvimrcnini st sstsssenens 8-1
8-3. Input Diode Model ........ etetier et s b e st te s ane e a e d et e e s b e e en e aneeaeeabaeeesasnnnes 8-7
8-4. Complete Input Model Including Diode.................ccu...... ettt aeee et esane e aaean 8-8
9-1. -Pentium™ Processor Mechanical Specifications...........c...c.c.v.iceinenciieneencsenennnn. 9-3
9-2, 82496 Cache Controller Mechanical Specifications................cocciveeereeveecesveseennes 9-5
9-3. - 82491 Cache SRAM Mechanical Specmcations .................................................... -9-6
10-1. Technique for Measuring Tease..................cieecieeenene fetesrrseeieeae e aen st ae s e e e e s 10-1
111, Boundary Scan Register Structure of a Componem eretereesiienessateeessrdnseneinsananaanes 11-5
11-2. - Device IDROYISION.......o...ccccvveeeeeeceieriteerese e eesnee e ceeneesanes rarenreeessnnsneriosnaranion 11-5
11-3. . TAP Controller State Diagram............ceeeevieneereresesreriseisssesivsesreessessseseeessenns 11-9
12-1. 82497 Cache Controller Pinout Top Side VIBW ...........cccocrveeeieceesvieeeeeesreeereneenns 12-2
12-2. 82497 Cache Controller Pinout Pin Side VIEW ...........c.cc.eceevieierereeiseciecenenenene 12-3
12-3. 82492 Cache Memory Pinout Top Side VIeW............ccvceeeeeeeervenrenenennnass. reeereees 12-4
13-1. Chip SOt INBMACE.......c.oeecccereeecectereceerc et ettt s e e eee e senaseess s aeeen 13-2
13-2. Iterface BUfEr TYPOS ........cccceerierreiree et et s eeme e e sae st e e s e eaes 13-3



CONTENTS

Figure
14-1.
14-2.

14-3. -

- 14-4,
14-5,
14.6.
14-7.
14-8.
14-9,
14-10.
14-11.
14-12.
1413,
14-14.
14-15.
14-16.
15-1.
15-2.
15-3.

xvilt

Title Page
Driver and Receiver Signal Waveforms Showing Signal Quahty Parameters ...... 14-15

External Interface ..........iaumiinininiionnninesissnssien i d e 14-18
Clock Waveform........ Neansatones : X : :
Velid Delay Timings ...c...cocoveeneeeninireeinnennninnlinic

Setup and Hold Timings
Setup and Hold Timings in Strobed Snooping Mode
Reset and Configuration Timings .......icc.cccivnvevinininenin. ™
Memory Inteiface TIMINGS ......cccoviiiimiiiiiiiiiie e D
Setup and Hold Timings to Strobes.........ccccveciniincciininiieninn
Setup and Hold Timings MxST ..........ccccccnvinns vaieernsinnncnanaianesas
Valid Delay Timings From Strobes ..........c.cociniies , ;
Test TIMINGS...covvveciieiieniecierrerere s ccsse e ened ‘e
TestResetTlmlngs........................................; ....... R
Active/lnactive Timings
Overshoot/Undershoot and Ringback Specnflcatlons
Setthng TIMe ....ccviviiiiieeriii e S
Input Buffer Model, Except for Group CPU- CCTLST :
Input Buffer Model for Group CPU-CCTLST .....cccccvveeierereeineerienenaeioeieersescsenne
First Order Output Buffer Model...........cc.oorvmienmemei

Tables

Title :
Pentium™ Processor Pin Cross Reference by Pin Name-......c.....cccviivmnievennnnen.
82496 Cache Controller Pin Cross Reference by Pin'-Name...... :
82491 Cache SRAM Pin Cross Reference by Pin Name....,..
Pentium™ Processor/MBC Interface Signals ............c...ic..iiee
82496 Cache Controller/MBC lnterface Signals...

PentlumWI Processor/82491 Cache SRAM Interface Slgnals
82496 Cache Controller/82491 Cache SRAM Interface Signals.........
Pentium™ Processor Cache Chip Set Brief Pin Descriptions..............
Pentium™ Processor Cache Chip Set Internal Pull-Up Resistors.......
Pentium™ Processor Cache Chip Set Internal Pull-Down Resistors i
Pentium™ Processor Cache Chip Set Glitch Free Pins......... S O SR 1-36
Signal Interconnects on Optimized INtErface ...........ccvveviireeienenssisesenseeseiivnnenenns 1-37
Signal Interconnects on Optlmlzed Interface (Contd. ) .............. T SRR 1-38
Pin States during RESET .........ioveviiivireinrmncrssinieesive e Gistenenreniennens ’
Pentium™ Processor Cache Chlp Set Output Pins .. »
Pentium™ Processor Cache Chip Set Input Pms........». ...... :
Pentium™ Processor, Cache Chip Set Input/Output Pins..
Pentium™ Processor Signals Accessible by the MBC ......iiiuuiwiiiiiiminniinnnns
Pentium™ Processor Signals Latched in the 82496 Cache Oontrolier and 82491
€ache SRAM.........co et stseesaes e Wivivenimadisadiiiinnin innnienaannenn .2-8



Teble

3-1.

32, -

3-3.
34,
3-5;
3-6.
3-7.
3-8.

39,
3-10.

4-1,
4-2,
4-3,
4-4.
4-5.
4-6.
4-7.
51
53,
5-3.
5-4,
5-5.

5-6. -

5-7.
5:8.
5-9,

5-10.
5-11.

7-1.
7-2.

7-3."

7-4.:

7-5.

7-6. '

7
7-8.

7-9.

7-10.
RAK

7-12.

7-13.
7-14.

- Parity CORHGUIBHONS ... c.................oooooors
82491 Cach&'SRAM’ Address Connectrons ....... iieereiiiesiesennns

Basic MESI State Transitions.........lc..c.cceuueuenennnas iewitiseeeriestenseaasasasasens TS .
Master 82496 Cache Controller Read Cyele:.....L...icccevuvireeirinniionneeessiiesnsneeiens 3-14
Master 82496 Cache Controlfer Write Cycle i eerrneaiibrennieenns 3-15

- Snooping 82496 Cache Controller without lnvalldallon Request ........... 3-16

Snooping 82496 Cache Controller wrth Invalldatlon Flequest .......... SR 3-16
SYNC Cycles.....c..covimiiinsionces il i e e i, e 3-16
FLUSH Cycles........oiiiiiimiiiinnieiiieeons i deniii i iaseadvesssiean st svnseanas F17
MESI State Chafiges for READ Cycles CPU to 82496 Cache Controllerl :

82491 Gache SRAM Cathes .............icc.cciuerurenriis eene et scue e s et ot senaiaseenes 3-20

- MESI State Changes for WRITE Cycles CPU to 82496 Caehe Controller/

82491 Cache SRAMICaches .................. olu i it e st 3-21
MESI State Charigés for SNOOP-Cy cles 82496 Gache Conlroller/ ’ R
82491 Cache SFAMT0 CPU CaCHES ....... ... ... ..ol e et e eseeaes :
Pentium™ Processor Chip Set Initfalization Hecommendatlons ...... v
824986 Caché Controllsr/82491 Cache SRAM Gonf'guraﬂon lnputs
Péntium™ Processor OFA Address Connecﬂons teseites
Memory Bus Adrass Control ............linenilenn.
MX/MTR Goﬁﬁg”ureliens Vidvensienteeadereseiafeenisthenienss

Cycle Idéntification afid Length ... ............0.. 50 e tieereerirer et e s e e e areeraar e st Cieveneens
CCAGHE# Use in Determining the Number of BRDY#s................. eeererestetisesanenns
Using CPCD and CPWT to Determine Wnte Hit to [S] versus Wme Miss..
FSIOUT# Operation Priotities ...... erriinstennesinestbe i dae s e e Ceesbaidne e nnndeainssneneasadesenes
Actjons Based on 82496 Cache Controller Cohflgurahon Test lnputs '
(HIGHZH# and SLFTSTH#) . l.ooiiveiicsinnni e cinsesesseees et et dennesbenssnenad feeveens
KEN# Operation ......... T SRS OU NSO E YR OO SR :

82491 Cache SRAM Line'Ratio’ Conflguratlon wlth LH[‘I 0] :
MCACHE# Status versus Cycle Type...........; .............. A

Signals Sampled at FIESET .......o0 .. .0 e ioesecesesee e eeesssesbe s e seves s
SNPNCA Asserted Durlllg Snoop quuests (lnactlve SNPINV),..... reerereeiietaens 5-203
SNOOPING MBUBS. .. .o.i i et bbb sese et b ee e s eitenaeens
Absolute Maxrmum Ratings ... RRRY .
DC Specifications:........ St iveseseseraaeanserniernaedessnennrennniond
Three Specification Classes, Their Purpose and the New Parameters .................. 7-5
Desbrlptlon of Maxirium Fllght Time and Clock SK8W..............cccceennn.e. e veeeenes 7-9
Signial Gréup: OPU t6:Cache RAM (CPU-CRAM) W :

+ (66~MHz 256-Kbyte VEISION)........ccc..ooeiviivinneeiirie foreineesesees e s sesapesrresnasese s 7-9

Signal Group: CPU to Cache (CPU- Cache) (66-M Hz 256—Kbyte Vers«on) ............ 7-10
Signal Group: CPU to Cache Controller (CPU-CCTLY )

-(66-MHz 256-Kbyte Version)...........cceeeeereeevivrennesssinnneensind il .......... 7-11

Signal Group: Gache Controller to Cache RAM (CCTL-CRAM)
{66-MH2Z 256-Khyte VErSION).......ccvveuveiiiieeerereeireecet e ee e e een o ae Srereneevesas 7-12
Signat Group: CPU to Cache RAM (CPU-CRAM) {60-MHz 258- Kbyte Vel;len) 7-12

- Signal Group: CPU to Cache (CPU-Cache) (60-MHz 256-Kbyte Version)....... S1.7-18

Signal Group: GPU to Cache Contrblier (CPU-CCTL)

(60-MHZ 256-KBYt8 VOISION). ......viereioveiresressesssiisoessesdieeesses v seperFerenteornes 37 14
Signal Group: Cache Controller to Cache RAM (CCTL-C AM) '

(60-MHz 256-Kbyte VBISION)......ccovisieieleiemetssenenioees e Ao ene s cemyeree e cenesesaen 7-15
Signal Group: GPU to Céithe RAM (CPU-CRAM) (60-MHNg12-KbytéNersiond.7-15
Slgnal Group CPUto Cdclle (CPU-Cache) (BO-MHz 512- Versg).. ......7-16

xix



. L B
CONTENTS mté*

Table
7-15.

7-16.

7-17.

7-18.
7-19.
7-20.
7-21.
7-22.
7-23.
7-24.
7-25.
7-26.
8-1.
8-2.
8-3.
8-4.
8-5.
8-6.
8-7.
8-8.
8-9.
9-1.
9-2.
9-3.
9-4, -
10-1..

10-2.

14-9.

14-10,
14-11..
14-12.
14-13.

Title: Page
Signal Group: CPU to Cache Controller (CPU-CCTL) S )
(60-MHZ 512-Kbyte Vrsion).........qee.rvresrinesesesrassiveessrsmsssannsanssinns Gesennnis ceesrennennne 7-17
Signal Group:.Cache Controller to Cache RAM (CCTL-CRAM) : B
(60-MHz 512-Kbyte Version)...........c.covisu.e. varirasridsienniasenans cosssiisenenses Saeebeassasissnas 7-18
Specifications for Signal QUANIY ........,.....cireeeeueercicrrases SR Ceareigsteerrsaonsasesanas 7-20
66-MHz CPU Cache Chip Set Common Tlmmgs ................................................. 7-21
66-MHz Pentium™ Processor Memory Bus Interface Timings .........c.cceevevieennennne 7-23
66-MHz 82496 Cache Controller Memory Bus Interface Timings............ ieeennnees 7-24
66-MHz 82491 Cache SRAM Memory Bus Interface Timings........:c.ccccocsveecenns 7-27
60-MHz GPU Cache Chip Set Common TImINgs ..........ccoveeniinnicnisncnseessnnennn 7-32
60-MHz Pentium™ Processor Memory Bus Interface Timings ......v.....ccceuerueeenens 7-34
60-MHz 82496 Cache Controller Memory Bus Interfage Timings ...........cceviceenene. 7-35
- 60-MHz 82491 Cache SRAM Memory Bus Interface Trmings ....... . 7-38
External Intetface Signal Buffer ASSIGNMENt...........cceeerriecersrecbecsensstorecseaeneenens 7-49
Parameters, Used in the Specificatian of the First Order Input Buﬁer Model.......... 8-1
Parameters Used in the Specification of the First Order Output Buffer Model ....... 8-2

Specification of Input Optimized Interface Buffer Model Parameters.
Specification of Output Optimized Interface Buffer Model Parameters...

Specifications to be Used for Simulation of Flight Time or Signal Quality .............. 8-4
Specification of Input External Interface Buffer Model Parameters........ bereresernesenes 8-5
Specification of Output Extemal Interface Buffer Model. Parameters ..................... 8-6
Diode Parameter List.i.ii.ivviivnniirniicnionicseivnennne ereanense tissessssaraasnaine anepeasasivesesseainn 8-8
Data for Diode I-V. Curves ceepsisieistneessNstasesisianesasssnnasesrras pieaneeeeeans 8-9
CPU Cache Chip Set Package Informatlon Summary ............... aiesiiesnsagivetaneranae 9-1

Pentium™ Progcessor. Mecllamcal Specifications.......... e 92
82496 Cache Controller Mechanical Specifications... ... 9-4
82491 Cache SRAM Mechanical SPecifications..................eceeeupersessssesseressesenenns 9-6
Junction-to-Case and-Case-to-Ambient Thermal Resistances for the :
Pentium™ Processor (with and without @ Heat Sink)..........cueeeereeivenransieresenennens 10-2.
Junction-to-Case and Case-to-Ambient, Thermal Resistances for the S [
82496 Cache. Controller. (with and without a Heat Sink)........cc..eeveiverereaernnrennnns 10-2
Junction-to-Case and Case-to-Ambient Thermal Resistances for the .
82491 Cache SRAM (with and without @ Heat Sink) ........c..c..c.euerereereinenens eeeeeenns 10-3
82496 Cache Controller/82491 Cache SRAM Boundary Scan Test Data
Register Length .......icivviviciiioienieninessrisesssessenssensasense Jebrisuninnnisersisnensoraroranseases 114
Pentium™ Processor Caehe Q‘hip Set Component Devlce Identification Code......11-6
82496 Cache Controller/82491 Cache SRAM Boundary Scan Instruction Codes .11-7
Voltage Symbol Definition ............cccceiveericcieninieniersienenssenenssiensseessesssiossesssnnanns 13-4
Buffer.Selection Table..........civeeeeiiiinenens b eaeemesseses e ehesne et s s resseetasesadastensants 13-4
Absolute Maximum Ratings .................. Seresensesessnenans reideeesaneaigevsasessngesesinessasers 14-1
3.3V D.C. SPecifications ..........cccveeiiieirniiiiiiiissiiecterenerssnnesssntessnsessssaessnnnassanns 14-2
3.3V (5-V Tolerant) D.C. Specifications..........cccvivrrievericireinncsnierirssseseeessineennnns 14-3
5V D.C. Specrflcaﬂons erserireeriserteseteenttiresertterieerasstartrentesnansrrnrnn ereeeerenenaerens S 14-3
. Input.and Output Characteristics:.............cccvueererssnrncenns fevsineesesnesiesetisanerisienrananes 14-4
Thrae SpeCifiCAtion ClaSSES ....v..coviererrierrerraivessrierserraseteriersesnstesesessraressssaserans 14-5
Flight Time and Clock Skew DeSCHPHONS ........ccccccverriveceieeireceeeseeiecee s ceneesneeeens 14-6
Signal Group: CPU to Cache RAM (CPU-CRAM).......ccceccvveiivermnsireseinnmesaneneens 14-6
Signal Group: :CPU to Cache (CPU-Cache).........c..ccceaierreeennenieesiinnnsinsnnesnennes 14-7
Signal Group: CPU to Cache Controller (CPU-CCTL).....cocvuvceciemesinncnsaenicnenennne 14-8
Signal Group: CPU to Cache Gontroller 5V Tolerant (CPU—CCTLET) .................. 14-9
~ Signal Group: Cache Controller to Cache RAM (CCTL-CRAM)..........ccccevvenrnnenn.. 14-9
Signal Group: CPU to Cache RAM (CPU-CRAM)........c..cceemeueemenreneeienseeeannens 14-10



