CS82310
CHIPSet

R E L I M I N A R Y

CHIFS’



Copyright Natice
Software Copyright € 1991, CHIPS and Technologies, Inc.

Manual Copyright @ 1991, CHIPS and Tecimologies, Inc.
All Rights Reserved.
Printed in U.S.A.

Trademarks
PEAK™™, PEAKIDM“mdPEAKJSJF“mmdmnhofCHIPS deeclmnges,
Incorporsted.

IBM®, IEM PC®, deBMPCMTOuemg:s!uudmdcmnhoﬂnmmnd
Business Machines Corporation.

PS21, Microchzemel™, and Personal System/2™ gre trademarks of International
Business Machines Corporation.

htd@narcgimedu'demn:’coﬂmdm
386DX™ gnd 387DX™ axe trademarks of Intel Corporation.
Lotus® is a registered trademark of Lotus Development Corporation.

MS-DOS® is a registered trademark of Microsoft Corporation.Motorola® is a registered
rademark of Motorola.

Discizimer

This mannal is copyrighted by CHIPS and Technologies, Inc. You may not reproduce,
transmit, transcribe, store in & retrieval system, or translete into any lanpuage or
computer language, in any form or by sny means, electronic, mechsnical, magnetic,
optical, chemical, manual, or otherwise, any part of this publicarion without the express
written permission of CHIPS and Technologies, Inc.

Every possible effort was made to ensure the accuracy of this mannal. However, CHIPS
Sysierns Logic Division cannot accept responsibility for any ervors in the manual or
consequences resulting therefrom.

The information contained in this document is being issued in advance of the production
cyclcfcrthed:vwe(:) The parzmeters for the device(s) may change before final
production.

CHIPS xd Technologies, Inc. makes no representations or warrantics regarding the
contents of this manual. We reserve the right to revise the mamoat or make changes in
the specifications of the product described within it at any time without notice and
without obligation to notify any person of such revision or change.

The information contained in this manusl is provided for general use by owr customers.
Our customers should be aware that the perzonal computer field is the subject of many
patents. Our custemers should ensure that they teke appropriate action 5o that their use
of our products does not infringe upon any patents. It is the policy of CHIPS and
Technologies, k. to respect the valid patent rights of third parties and not to infringe
upon or assist others to infringe tpon such rights.

Reatricted Rights and Limitations

Use, duplication, or disclosure by the Government is subject to restrictions set forth in
subparagraph (cX1)(ii) of the Rights in Technical Datz and Computer Software clanse at
252.277-7013.

CHIPS and Technologies, Inc.

3050 Zanker Road

San Jose, California 95134

Phone: 408-434-0600




B Contents

CHIPS and Tochnologies, Inc.

Contents

Volume I: PEAK/DM Overview

]
Section 1: Introduction ...cecveeseceeccsarcsnssasel
11 Feallres . ..uucvnnnaveronccaacccannrsnsnnnnnsnrnanss 1
12 82C351 CPU/Cache/DRAM Controller ......ccvvvvvenens 2
1.3 B2C355 Data BIHTer v v vt v et ieceressrnensoanansncnnne 2
14 82C356 Peripheral Controller ......cconnrnrinrinanannn 2

Section 2: Manual Conventions ....cccevecencescsedd

21 What YouNeed toOKNnOwW ......ocviceirennsoccaassnans 5
22 AboutThisManual .....ccciiiveiinnierrnnnnnnereaas 5
2.3 Typographical CoOnVeNtONS « . vevvvererensnnennnaorssons 6

Volume ll;: 82C351 CPU/Cache/DRAM Controlier

Section 1: 351 Functional Description ..............9

1.1 Featllfes . .uvvcieennereensnscissssisssonncacnensenes 9
12 Functional SUbSYSIEM . ccveecnrnvoicnreesccrscveranes 11
Reset and Shutdown Logic ... ..o iiinieniiiinnne.. 11
13 ClockLogic ......ccovvus evreseaaes e eeeereaeieans 12
14 Action Code Generation and Data Conversion Logic . ...... 14
15 CPU, Local Memory, AT Bus Control and
ArDItTation LOZIC +vvevussrvncncnnronenneeneasananns 14
16 CPUControl LOZIC +.vavvvereeccnannnnanaas ceevenena 15
Local Memory Control «.uveveiniiiiennrnnciavanenes 16
ATBusControl . oo vseicviiieiteiiniiicnnccasanns 16
Bus ArbilTation ...e.uceceercnsnsrsisiacacncannasans 17
1.7  BusTimeomtLogic ...cevecerrinciiinaacrnnanreanns 18
18 Memory Control Logic ....... eeaeanans teeeernasenans 18
First Megabyte of MemMOTY . oo vvviviiiicnnnnnnnnnnees 20
€aChe ACCESS vuveenrsveroscencsonnnencasonncnssns 21
RefreshCycle o.vvevrcinreiinccninnsnnranenananens 21

PRELIMINARY



H Contents

19 EPROM Control LOgic ....cveviincsssissseranssnonns 22
ShadowRAM .. ....iiiierinecranncsescsnaansarass 23
OS/20ptimization ...cvcveeensrrrsssnrnsnsrennsnnness 23
Coprocessor Handling .....covvvvannnnoccnconnennes 24
OmMPULS . ..ooiviiucitnsosscassnsonsosssnansanses 25
LogicEqQuations ........censvesmscncacscancsasasas 27

110 CacheConcepts . ovvveennncisnnccorsssncsnsscsnonnes 27
Cache Size . ovieirencnnarreensnerssrernasannsasns 28
Cache Organization ....ccvverevnnrenncsnsrrrssnvas 28
Direct-mapped Cache o cvvveverrorrancssccnansnneas 28
CacheUpdating .....coveuen tnssaaans . 29
Cache COhErenCY ..cvvavrrrnerasrnnasanrssanrasens 30

111 Cache Functional Overview .......cievvecicnncssnsnsns 31
TagRAMTeStNG . .cceeevinnnssnnncrencosasnannans 31
Initializing the TaZ < wccevevnennannncnracrccacccnas 32
Cache Data RAM Testing . .. ovvvvnracancacccccnnenn 32
Physical Address Field Assignment ... .......cicevannn 32

112 CacheOperation ....eevivvvcssssssssssnnnsrssnsnsne 33
Read Hit Operation - ....covvieennneccraaannnnanansen 33
Read MissOperation ......cccececcneccnvosannnnnnen M

113 DMAODEration ..ocvsucresrenrnvssrasasrannnsananns 36
Non-Cacheable Regions ....cceivviiircencecaananann 36

114 IndexReEZISIEIS ....uuvvucrnoncncsaororsscssaasannns 36

Section 2: 351 Configuration Registers ............37

2.1 Index RegISIEIS vvvvinnenvvrrrraesseassnnernsasananns 37
Lo N TL T VI ha_ A=y
o DCRISUAD cvovvevosnstvtansstsassnasssesssns = r)

Section 3: 351 Pin Descriptions .....ccecvvaeeseees Sl

31 Pin ASSIgNMENIS .vvevvevsnrrrrorsssvrssranmsncrenns 51
32 Numerical Listing of Pin AsSignments ......cocvvevanees 58
33 Alphabetical Listing of Pin ASSignments ......cceeemunees 59
34 PinDiagram ...cccvsveccanccnccnscssassasssnsssasas 60
Section 4: 351 Physical Characteristics +..vcceea.a.6l1
4.1 Absolute Maximum Ratings .....cccevvenarnerocnanans 61
42  Operating Conditions ...... tenmeresssesssssereesannnn 61

Section 5: DC/AC CharacteriSticS v vecececcecacenss 03

501 351xcmctaisms [ EE R R N NN ] 'l....’.'.'.l.ll.'.'t.63
52 351 ACCRABCIETISHCS oo n o eveeeeemnccaeaseeeennas. 64

Swﬁonﬁ: 351Timingniagram -'.-.-............75

PRELIMINARY CHIPS and Technologies, inc.




Bl Conients

CHIPS and Technologies, Inc.

Section 7: 351 Physical Dimensions ...ccceevveeees 95
7.1 82C351 CPUfCache/DRAM Controller .....c.ccvveaeaanns 95

Volume lii: 82C355 Data Buffer

Section 1: 355 Functional Description ..............97
1.1 Featmes ...covvieninininiarrnrncsasscvacatcsnanaans 97
1.2 Functional Subsystem .......coceiimreinrsonrrannnens 97
14  DadCONVEISION wevvnurneeeenerenssusneeerereesnnns )

Data Steering for AT Bos Conversions ............ve.s 99
15  Panity ........... e s 100

21 Pin ASSIZNMENIS . oo vuveinersssomsnssenassssnsasanes 103
22  Numerical Listing of Pin Assignments .......oceecu.... 105
23 Alphabetical Listing of Pin Assignments _.............. 106
24 PinDiagram ....ccoceiiirniiiiriraiaiiiainsensians 107

Section 3: 355 Physical Characteristics ....v0eee... 109
3.1  Absolute Maximum RAGNES ...evvneeennrennnnnnnnns 109

32 Operating Conditions .......ccceveriiviecnnananaae 109

4.1 DCCharaCleristics . .evvvivieeineesatnreneacannsnnns 111
A " el a aem
“t.ts AL VHAIRACVEKHLNWS cveciverccarsssstsvsnsannnnssrnranvne ils

Section 5: 355 Timing Diagrams ........00000....113

Section 6: 355 Physical Dimensions
6.1 820355 DataBuffer....ooviiinerrercntrecscnncnnnon 117

1.1 FCAIIES +vnanranrasssronsnssannnostonnssecannssss 119

1.2 Fanctional Subsystem ..., tesssttavatessesranneennn 119

Address Bus Interface Between A and SABuses ....... 119

13 AddressDecode ....cunen... teemsscensiasteannreny 121

14 PortB and NMIIOZIC . i cecenieacsscnennnencnnaanss 121
PRELIMINARY



Bl Contenis

1.5 Integrated Peripheral Controller .......cevvvvmenn..... 122
16 Multileve] Decode Subsystem . .vcvceecerrrrerieannnns 123
1.7 Clock and Wait State Control .....covveeeivaiiinnnn., 124
1.8 DMA Fanctional Descripion «.ccvvvssvsvesenannnnnas 126
DMAOQPDerations ....ccvveresrsnscanccananassanes 126

Idle Condition .....vcociuvincnnranssensonnnseneses 127

Program Condition ....ccceveeiencnssrranrannssons 127

Active Condition . .. veecvecececciiearaarocinnnsas 128

Single TransferMode ...vevevecncinncnscercannns 128

Block Transfer Mode ... cvcvrcememenneniocancanes 129

Demand Transfer Mode .cvvevennnccenrrncnnecnnns 129

Cascade MOGe ...vvvenicnrnccvasvesrssscnnnanss 129

19 DMATINSHers coccveereseasssasconrannsnsssassnnns 130
L10 Autoinitiadization ......vceverrencnnecncaaacansnaans 131
111 DREQPHONIY coovevvernrrscrrarssssennnnnnnsncass 131
112  AddressGeneration .....ccecevvcevessesvannnnnsnses 132
113 Compressed Timing .....ccnvnnanciecnreasesancannnn 133
1,14 Register DescripHONS . ovevvecacssnsssnnsosnsroannsns 133
Mode RegISIEr o v ovvvnnrreremnorasrrnecsoncassanns 134

Request RegiSIer . o.vuvirrescnnnavcnsssasnsansns 135

Request Mask Register o voviiearasennennnsssssonans 137

StAtUS ReBISIET vvvveennearnnceccencarrsnsrnernren 138
Temporary Register ...cvevvrrrcicncnnesarsssrnsns 138

Special Commands c..vvvvvsvancorsrnsnasssanannns 138

1.15  Interrupt Controller Functional Description .......e0s00. 139
Interrupt SYStem .. .cvuiiinrnerentavonsrssnosnsace 139

1,16 Controller Operation ............ tenecarenranensanas 141
117 Interrapt Sequence ...vvevennrccsesnancsaasasarsanes 141
118 EndofIntemupt .....ocviiiiiiaiiiniivniiiiicnsnsns 143
Priority ASSIgMMENt ...cvvvennsrsnsssonasvsnssanes 143

1.19  Programming the Inierrupt Controller ... ..ccaaeaaeet 144
Initialization Command Words ..........cccceannens 144
Operational Command Words .....c.cevvnvercrrnrnens 148

120  Counter/Timer Functional Description . ..ccvvveivnncnns 150
121 Counter Description ..o ivvrensnrevecnsannasasseses 151
122 Programmingthe CTC . ... iiiiiiiicinctcnnnnnnnnnn 152
Read/Write CounterCommand ......ccevcvneecnaans 153

Latch Counter Command ...covvecerivecnnneaicnnas 154
Read-BackCommand . ......vviervininrcrsvannnenes 154

Counter Operation ...eeeevsaasosessnaensnsasansnns 155

123  Real Time Clock Functional Description ....cecvvuvnn.. 158
RISt ACCLSS oo iivivisstuscsannssrcennsannnns 158

AdOress Map . .cvvuccncriitiannnnarsrssscanansan 158

Time Calander and A]arm BYIES voceannvercncrannnas 159

PRELIMINARY CHIPS and Technologies, Inc.




H Contents

CHIPS and Technologios, Inc.

StaHC RAM .. iiiiiriiiiiii i iistea et aaes 160
Control and Status Registers - c.cvveceecnnernsoncanen 161
Update Cyele . oo ci i tenrssstnscnrecnsscuisns 164
POWer-UD/DOWN . .vueravevecannaranrsrssraseansanna 165

Section 2: 356 Configuration Registers ............167

21 Index Regicters ... v iirrvenersennasaasasansnnsans 167
22 O POt REGISIETS . v avuvssorsonsnsrsssnnnanansrnanssnas
23 JOMAD cotteitiitaiierriarersasieassnsennnecasenns

301  PInASSIEAMENLS . euuenrrereenennnneeeeerasasannnnes 193
32 Numerical Listing of Pin Assignments .........cccesee. 199
33  Alphabetical Listing of Pin ASSIgNments ............... 200
34 - PinDiagram .......cceeeccsncacnanncacrrarrnsraans 201
Section 4: 356 Physical Characteristics «....ccc....203
41 Absolute Maximum Ratings ....vevvvvrnsnnnnnsacnnss 203
42 Operating Conditions .......cceievisnciisinnnnssnns 203
Section 5: 356 DC/AC Characteristics ..... seesse205
51 DCCharacteristics .« .o cccveerrocsnsstacccnanssacnses 205
52 ACCharacteriStics . ..vveeeeavecnaanneencssasasanan 206

Section 6: 356 Timing Diagrams ......cccccv.....209

Section 7: 356 Physical Dimensibhs cevesnee sesessdlls
7.1 82C356 Peripheral Controller ....ccccuvenncnencnnass 215

PRELIMINARY



vi

PRELIMINARY

H Contents

CHIPS and Tachnalogies, ¥ic.




M List of Figures

CHIPS and Tachnologies, Inc.

List of Figures

Volume I: PEAK/DM Overview
.. _ x
Section 1: Introduction
Figure 1-1 PEAK/DM System Block Diagram ............ e..3
Volume lI: 82C351 CPU/Cache/DRAM Controller
Section 1: 351 Functional Description
Figure 1-1 82C351 Block Diagram ....vvvuesnecccasanes ... 10
Figure 12 820351 Clock SEleCOn v vvvevrvnnreeernnnnannes 13
Figure1-3 - -MALE and -AF32 Generation for Local _
BusCycles(ZWSCycle) . .ovennenniniiininannes 15
Figwe 14 AT Bus Timing - One Wait State ....... ereienes 16
Figure 1-5 Bus Arbitration REFRESH) .....ccvvvenannnn L. 17
Figre 16 DMACYCIE .uureeeunrerernenenesenennncnnans 18
Figure 1-7 HiddenRefresh.......... eesassansasernarennne 22
Figure 1-8 Single EPROM Coanection Example ............. 2
Figure 1-9 Dual EPROM Connection Example ........0u00.. 23
Figure 1-10  Direct Mapped Cache Architecture (64KB} ........ 29
Figure 1-11  Buffered Write Algorithm ..................... .30
Figure 1-12  Back to Back Writes Early RAS, Four Wait States ... 35
Section 3: 351 Pin Descriptions
Figure 3-1 82C351 CPU/Cache/DRAM Controller Pin Diagram . 60
Section 6: 351 Timing Diagrams
Figure 6-1 82C351 AC Timing Waveforms .........cc.0n..- 75
Figure 62  Back io Back Write Early RAS, Four Wait States ... 76
Figure 6-3 82C351 One Wait State Write Mode, Late RAS Mode,
FiveWait State DRAM ... .. .ciiemiaiiinnnes T7
Figure 64 82C351 and 386DX Interface vovvvvvevncacaaanns 78
Figure6-5  82C351 Write Hit, One Wait State Cache, Early RAS
Mode, Five Wait StatessDRAM . .. ............... 79
Figare 6-6 82C351 Read Miss, Late RAS Mode,
- - Three Wait Statess DRAM .. ..ovviiienncnennanas 80
Figure 6-7 82C351 Read Miss, Late RAS Mode,
= " Four Wait States DRAM ... cvvivivvverenerenees &1
PRELIMINARY

vii



viii

Figure 6-8
Figure 6-9

Figure 6-10
Figure 6-11
Figure 6-12
Figure 6-13
Figure 6-14
Figure 6-15
Figure 6-16
Figure 6-17
Figure 6-18
Figure 6-19

Section 7:
Figure 7-1

Volume lii:

Section 1:
Figure 1-1
Figure 1-2
Figure 1-3

Section 2:
Figure 2-1

Section 5:
Figure 5-1
Figure 5-2
Figure 5-3

Section 6:
Figure 6-1

B List of Figures

82C351 Read Miss, Early RAS Mode,

Three Wait Siates DRAM ... vvnveceennanennns, 82
£2C351 Read Hit/Write Hit, Zero Wait State Cache,
Late RAS Mode, Four Wait States DRAM . ........ 83
82C351DMACycle ..overriiieiiiiiiieenee. 84
ROMREAICYCIE . v vensnrnreeeisnanearranns 85
82C351 ATReadCycle .ovvvrernnnnninnnannnns 86
82C351 ATWrHe CYCIe +uvvveennnacancnnanaaes 87
82C351 DMA Arbitration .....ccoccemeevenenenn. 88
82C351 Refresh Arbitration . ccccccvvnevccanrcese &9
820351 RESEt v venvnsseniracnannnsocaansansens %0
82C351 Miiscellaneous TIMINE ....c.cvvvvecnannn 91
REFESh CYCIe - v vveeennnreecenannesasnsecnenns 4]
82C351 Index Register Read/Write ... .. e vvnnnnes 93
351 Physical Dimensions
160-Pin Plastic FlatPackage ......ccvvvvnnnnnnaas 95
82C355 Data Buffer
355 Functional Description
.82C355 Data Buffer Block Diagram ......000ue.n. 98
PEAK/DMDataPath ...covivicenanecnncncsscan 99
82C355BusConversion ......cvceevnnnaennnas i0
355 Pin Descriptions
8$2C355 Bus Controlier Pin Diagram . .. ccevevnnes 107
355 Timing Diagrams
82C355 Writc and -LPARParity ... ....ccnneunn 113
82C355MDtoDBusDelay ...ocvveencnnnnns 114
82C355 D to MD Bus Delay and LBDEN Low
toDataValidOut ... co i iiiiiieiiesaas 115
355 Physical Dimensions
120-Pin Plastic Flat Package ..cc.evvicnnvacnses 117

Volume IV: 82C356 Peripheral Controller

Section 1: 356 Functional Description
Figure 1-1 82C356 Block Diagram ..eeeveeesesenncannnans 120
Figwre12  Integrated Peripheral Controller Block Diagram ... 122
Figure 1-3 Clock/Wait State Control Register
(023B) (IndexO1H) ccouvvrreresccncnnnsnnsnas 124
Figure 14 Cascade Mode Interconnect . oo evveevvcvinsnnnas 130
PRELIMINARY




B List of Figures

CHIPS and Technologiss, inc.

Figure 1-5 Clock/Wait State Control Register

(023H) (IndexOIH) +.onvvierencnnravensarsans 133
Figre 16 MOJEREZISIET +evvveerereasaevnnnnnannnneens 134
Figure 1-7 Request Register Write Operation .........vveees 136
Figure 1-8  Request Register Read Operation ............... 136
Figure 199 Register Mask Register Set/Reset Operation . . . . ... 137
Figure }-10  Request Register Read Operation .......conene.. 137
Figure 1-11  Status Read Only Register ...vvuiennennennrnnns 138
Figure 1-12  Internal Cascade Interconnect ......covcneevnnns 140
Figure 1-13  Interrupt Controller Block Diagram ............. 141
Figure 1-14  Interrupt SEqUERCe ...ceivveenrenionans Ciaaa.. 142
Figure 1-15  Initialization Sequence .. .vovvvrnrssnencrannnss 145
Figure 1-16  ICW1 - Address 020H (0ACH) Write Only Register 146
Figure 1-17  ICW2 - Address 021H (QA1H) Write Only Register 146
Figre 1-18  FCW3 Format for INTC1 - Address 021H

Write Only Register ....... eeereeeeeneneneans 147
Figure 1-19  ICW3 Format for INTC2 - Address OA1H ........ 147
Figure 1.20 ICW4 for INTC2 - Address 0ATH

Write OnIy REZISIET «evvvurnrnnnnnnnraeeenenns 147
Figure 1-21  OCW1 - Address 021H (0A1H) Read/Write Register 148
Figure 1-22  OCW2 - Address 020H (0AOH) Read/Write Register 149
Figure 1-23  OCW3 - Address 020H (0AOH) Write Only Register 150
Figure 1-24  Counter/TimerBlock Timer...........cvnvven.. 151
Figure 1-25  Control Word - (043H) Write Only Register ....... 152
Figure 1-26  Control Word - (043H) Write Only Register....... 154
Figure 1-27  StASBYIC .euveecrrneronnanssersencancenns 155
Figure 1-28  Register A (OAH) Read/Write Register S

Except Update in PTOZIESS oo vonvrvecesessnanans 161
Figure 1-29  Register B (0BH) Read/Write Register ........... 162
Figure 1-30  Register C (OCH) Read Only Register . ... ... vee.. 163
Figure 1-31  Register B (OBH) Read/Write Register . . . ........ 164
Figare 1-32 Update Cyele .ovvvrsvrencrieirecaccnerassneas 165
Figure 1-33  Power Conversion and Reset Circuitry ........... 166
Section 3: 356 Pin Descriptions
Figure 3-1 82C356 Peripherat Controller Pin Diagram ....... 201
Section 6: 356 Timing Diagrams
Figure 6-1 82C356 Miscellaneous Signals .......ccvvvvnnun. 200
Figure 6-2 82C356 Power-On Timing . ...... Cereesenrrraaes 210
Figure 6-3 B2C356 INTA SCqQUENCE ovvunnneeacnrseaanans 210
Figure6-4  82C356 Extemnal RTC Timing . ............ evenn 211
Figute 6-5 82C356 Internal Register ACCESS ..o vvvnnacnnnnns 212
Figure 6-6 82C356 DMACYCle cvvvivvcnnnniinnnnnn. ves.213
Fige 67 820356 MaSter CYChe - v vvvnnnnnneeerrennnnen 214
Figure 6-8 82C356 Address Buffer Timing for CPU AT Cycles 214

PRELIMINARY

Ix



B Listof Figures

Section 7: 356 Physical Dimensions
Figure 7-1 144-Pin Plastic Flat Package ....covvenrerannnss 215

PRELIMINARY CHIPS and Technologies, lac.




I List of Tables

CHIPS and Technologies, Inc.

Volume llI: 82C351 CPU/Cache/DRAM Controller

Section1: 351 Functional Description *
Table 1-1 CPUand AT Clock Selection +...vvevevcanccnnns 12
Tabie 1-2 BUSCLK Frequencies ........cccoicesncrarsssas 12
Table 1-3 PLD Pinouts and Logic Equations ................ 27
Table 1-4 Tag ASSIGNMENES . .vovrvesnsonvrnnnnnsnnacans 33
Table 1-5 Physical Tag RAM Connections ......cccvvunnee. 33
Section 3: 351 Pin Degcriptions

Table 3-1 CIOCKS vivvvesenansasvesenerranssnasanenannn 51
Table 3-2 RESCLS o e veraosunonnsssansccnanarasnsnsonses 51
Table 3-3 ArDItFation . ...ssseeracncccrcicininnninneenas 52
Table 34 CPUCONTOl . chneiiiieiivncivevocsensacnnnn 53
Table 3-5 AT BUS . .ceiiiiiiiiiecsscstasssonansssnanen 53
Table 3-6 AdAress ..o veciiiiiieteseresatorssenssrnnenae 54
Table 3-7 CaCHE covvunrnansnrerosnassrssssasassssnnnns 55
Table 3-8 DRAM ....oonennnnnans tererersns PR
Table 3-9 Buffer Control .o.vvvnnnnvrnscicsnnnncenanees 56
Table 3-10  Numerical Pin Definitions .........c0vuvenas. ...58
Table 3-11 Alphabetical Pin Definitions ......ovenvieiunnses 59
Section5: 351 DC/AC Characteristics

‘Table 5-1 CloCKS +eivvnneenesascascasansasacanasanannns 64
Table 5-2 MemoryCycle vvvvvercennnceninncacaaanncnann 64
Table 53  Cache THMENE coveerrrenneeeennnnsnesnsnnnanns 65
Table 5-4 TagRAMS ....ivcveencnrocnrrascsareassnnnas 65
Table 5-5 DMACYCIE tuiciiiiareessinassosseossosnsnas 66
Table 5-6 ROMOCKCIE civvuerirnsnaracnsasasssasecorsas 66
Table 5-7 Local BusSlave Cycle o ovvnvievrereinnancennnes 66
Table 5-8 AT BUS ACCESS <o vvnvuesnrisornnnnnnnonsnesnes 67
Table 5-9 DMA Arbitration ..cvveccvnicierracstesrncons 67
Table 5-10  Refresh Arbifration . .ccvveeenrriiensecnancnnnns 67
Table 5-11 ResetTImMing ..occovceerennas. trrrerenararaas 68
Table 5-12  Miscellancous Timing ..........cevevnnninnanss 68
Table5-13 RefreshCycle vvevrivcieniniiinacsvsnncasnnsns 68
Table 5-14 IPARTIMINE . cvveevacnnarenccsancscsnrnanss 68

PRELIMINARY



M List of Tables

Table 515 ClockCycle ccvoiciiiiecersonnnnaressnnansass 69
Table 5-16 MemoryCvele covveevrenenncrrnmreceacnnaness 69
Table 5-17 CacheTiming ....coviievonrerscsacannnnsanss 70
Tabic 5-18  TagRAMS .covvvervnccciinccaerennancnonnns 70
Table 519 DMACYCIE «vociiininanasacioeeonanansnes 71
" Table520 ROMOCYCIE teevevnvieenennnonnsesnanaannnans 71
Table5-21 IocalBusSlaveCycle ... ocoiinnnniceneaniinnes 71
Table 522 AT BUS ACCESS.uvvicinsncaannnnnsossansnnnnns 72
Table 523  DMA Ariration ....vieciesaneansncssscennncs 72
Table 524  Refresh Arbitration ceesvvivvevvssernaraseccanns 72
Table 5-25 ResetTiminE ..ccvveevcasaneanaacascanesvaans 73
Table 526  Miscellaneous TIMINE ...cvvvcveconnnvacosaacens 73
Table 527 RefreshCyele . v.ecornneiiceeinncrvescennnnss 73
Table 528 LPARTIMIAZ . .ccvnvvanicrcnascncnnrssnnnnes 73

Voiume lll: 82C355 Data Buffer

Section1: 355 Functional Description

Table 1-1 Bus Confrol Definition .....cccvececennecernaeas 98
Table 1-2 ActionCodeDefinition ......ccccvmieecaannnns 100

Section2: 355 Pin Descriptions

Table 2-1 PinDefinitions ....cvvevrinssccrncrrnnsassnas 103
Table 2-2 Numerical Pin Assignments . .. .. ccceeecnnnennns 105
Table2-3  Alphabetical Pin Assignments ............... ...106
Section4: 355 DC/AC Characteristics

Table 4-1 Parity TiMiDg «vvvevenrnnsercacecnnsnncnannas 112
Table 4-2 DataPaths . .cevevncravronrnencnnnssansnnnnes 112
Table 4-3 Parity Timing .......... Cetesessssnnsarsnrens i12
Table 44 DataPaths . .vvvninnnnnnsnssersssesanancenss 112

Volume IV: 82C356 Peripheral Controlier

Section1: 356 Functional Description

Table 1-1 Address Buffer Function .....cccevvuueninacesas 123
Table 1-2 Port 61 Bit Definition ... scvvvsevecnnscsannnen 121
Table 1-3 Integrated Peripheral Controlier Internal Decode . . . 124
Table 14 Rotating Priority Scheme ~oocvvvvrnennrecncnnnns 131
Table 1-5 DMA Address Extension Map . ...vveececacnnens 132
Table 1-6 Channel Selector ...covevvveencnirisnencnsns 135
Table 1-7 Transfer TYPe . voeennesssceasasascennanaanans 135
Table 1-8 Mode Selection .....ecoennn.. tessessssisenss 135
Table 1-9 ReguestChannel Select ...cvvveneririininnnns. 136
Table 1-10  Mask Channel Select ..... tesesssesrasssananns 137
- Table1-11  Interrupt Request Source Environment ........... 140

PRELIMINARY CHIPS and Technologies, bnc.




W List of Tables

Table 1-12 Interrupt Vector Byte o vvvvvvveriineninnnnnnss
Table 1-13 Fixed Prority Mode Interrupts .......cc0cnnena.
Table 1-14 BeforeRotation ......ccovvuvnnnrncsnreenanss
Table 1-15  AfterROtABEON . . .vvevvivrvinnnancnsacrnnnnanas
Table 1-16  Before Rotation (IR4 is highest priority request
beingserviced) ..uivrerininiesiinsnanancnias
Table 1-17 After Rotation (IR4 service completed) ...........
Table 1-18 Counter/Timer Address Map .......cccecveennnns
Table1-19  Control Word M3H Bits 4-7 ... ... ..ccccnnnn...
Table 1-20 M<0:2>Counter Command Fonction ............
Table 1-21 GATEPIiDFUNCHON ...vvuvvvinnnnnennssecnans
Table 1-22  Address Map for Real Time Clock ..............
Table 1-23  Real Time Clock AddressMap ........ccocnnnn.
Tabie 1-24  Periodic Interrupt ............ e anneeressens P
Section2: 356 Configuration Registers
Table 2-1 IPC and Address Buffer's Intemal Decode ........
Section3: 356 Pin Descriptions
Table 3-1 CloCKS . ivvvierivniessosassassasassasaasnns
Table 3-2 RESET and Arbitration ......cvvvvivanccanans
Table 3-3 DMACONIOHEr vvvvvvivennnrresisansarannens
Table 34 1017203 11 QA A
Table 3-5 Timer .ooviiiiiiinireeiee i ecrraacaananas
Table 3-6 RealTimeClock ....cvvevvininrareceriinnaas
Table 3-7 NMILOZIC o.ovvvviincnnnrnsnnncncnnnnnns e
Table 3-8 Address Buffers Decodes oovvnviniiinnnnnns
Table 3-9 Data Bes and POWETS .. .vunerarasascanssrsanns
Table 3-10  Numerica! Pin Assignments .......... e
Table 3-11 Alphabetical Pin ASSignments cocveeveecesenrees
Section 5: 356 DC/AC Characteristics
Table5-1 = CPUATCYCR .iciivieivciniismncccecnaranas
Table 5-2 Master Cyele .vevvvvinrnrersrrrncnnrenanens
Table 5-3 DMACYCl .cveeiivinrrssonaniniossssssanns
Table 5-4 Internal Register ACCESS v uvevcernntnrasesrrssas
Table 5-5 External Real Time Clock Aceess ... ..cvvnnnn...
Table 5-6 INTASCQUEnCe co.cvvenercrrvonencnsnsencanes
Table 5-7 Miscellaneous Signals ...c.cocieinnacinenenans
CHIPS and Technologies, inc. PRELIMINARY

xili



o R I I A=
M List of Tables

xiv PRELIMINARY CHIPS and Technologies, inc.




M List of Registers

CHIPS and Technologies, ine.

-u'&?) 22

Llst of Reglsters

Volume lI: 82C351 CPU/Cache/DRAM Controlier

Section2: 351 Configuration Registers
Index Registers
Index 04H Revision Registers (READONLY Y .. ... c.ceaeo... 37
Index OSH AT Bus Command Delays (READ/WRITE) ........ 37
Index O6H AT Bus Wait States (READ/WRITE)} ...o0vvnvenes 38
Index O7H AT Clock Source Select (READ/WRITE) ......... 38
IndexO8H  Initial Memory CPU Speed (READ/WRITE) . ...... 38
Index 05H Low Boot Space RAM/ROM (READ/WRITE) ..... 39
Index0CH ~ Memory Enable Map 080000-09FFFFH _
READ/WRITE} ..cueeniiiniiiiiinenaaans ... 39
IndexODH  Memory Enable Map 0AQ000-0BFEFFH
READ/WRITE} .0uuvicviasssassnnnsnnannnans 39
Index OEH  Memory Enable Map 0C0000-0DFFFFH
(READ/WRITE) ... .iuivesnnvevearsvanssnvaves 40
Index OFH Memory Enable Map OEOO00-0FFFFFH 7
(READ/WRITE) ....0vecenrnnacsncrananaes . .40
Index 10H Block 0 Type and Starting Address (READ/WRITE) . 40
Index 11H Block 0 RAM Timing (READ/WRITE) ........... 40
Index 12H  Block 1 Type and Starting Address (READ/WRITE) .41
Index 13H Block 1 KAM Timing (READ/WRITE) ........... 41
Index 148 Block 2 Type and Starting Address READ/WRITE) . 41
Index 15H Block 2 RAM Timing (READ/WRITE) ........... 42
Index 16H  Block 3 Type and Starting Address (READ/WRITE) . 42
Index 17TH Block 3 RAM Timing (READ/WRITE) .....eovvus 42
Index 18H Number of Populated Banks within a Block ]

. (READ/WRITE) ....ccvcvunrnvennccnancnsanes 43
Index 20H Cache Control (READ/WRITE) ....cvvvenennnnn. 43
Index2IH  Cache Size (READ/WRITE) ......... BT
Index 22H Cache and Tag Test (READ/WRITE) .....cc0nvves. 44
Index 23H Tag <{0:7> Test Data Port Register (READ/WRITE) .44
Index24H  Tag <8:9> Test Data Port Register READ/WRITE) .45
index 26H Ready Timeout Control (READ/WRITE) .......... 45
¥ndex 28H Parity Error Status Register ( READ/WRITE) ....... 45
index 29H Parity Error Status Register (READ/WRITE) ....... 45
Index2AH  Memory Enable Map 0-07FFFFH (READ/WRITE) . . 45

PRELIMINARY



B List of Registers

Index 2BH Miscelianegus Control (READ/WRITE) . .......... 46

index 2CH Middie Boot Space RAM/ROM Configuration
(READ/WRITE) ©..vuvevenneececersaseesnnens 46
Index 2FH DRAM Timing Control (READ/WRITE) «......... 47
Index 30H Block 0 Non-Cacheable Address A23 to Al6
(READ/WRITE) ....c.ceversesssarnornsnnanss 47
Index 31H Block 0 Non-Cacheable Address Al5 to A12 and Size
(READ/WRITE)Y .....voeeveerssssssnnnnsannsn 47
Index 32H Block 1 Non-Cacheable Address A23 to Al6
(READ/WRITE} .ccnvcvnessnrannencscrcnsasnss 47
Index 33H Block 1 Non-Cacheable Address A15 to A12 and Size
(READ/WRITE) ..covvvneinsnnneronnsnansanns 48
Index 34H Block 2 Non-Cacheable Address A23 to A16
(READ/WRITE) +.ccoceuccscnsncssssasssssnna 48
Index 35H Block 2 Non-Cacheable Address Al5 to A12 and Size
(READ/WRITE) ...ccoivcnssovscavsnasansanes 48
index 36H Block 3 Non-Cacheable Address A23 io AlS
(READ/WRITE) tiveesncaacrnsrasrsanannnnnes 48
Index 37H Block 3 Non-Cacheable Address A15 10 A12 and Size
(READ/WRITE) ...vvvscanrnccacscncanncnnnns 49

Index38H  Non-Cacheable Address A26 1o A24 (READ/WRITE)49
Index 39H Non-Cacheable Address A26 to A24 (READ/WRITE)49

Index 60H Fast Reset Control RegiSter . .ovvvvvecrcnsanannns 49

I/O Port Registers

I/OPort92H Fast GATEA20 and RESETRegister .....cvveetes 50
PRELIMINARY CHIPS and Technologies, inc.




I List of Registers

CHIPS and Technologies, Inc.

Volume IV: 82C356 Peripheral Controller

Section 2: 356 Configuration Registers

Index Registers
Index 26H RTC, NMI & Coprocessor Reset Register (READ/WRITE)
Index Register Address: 022H
Data Register Address: 023H . .. cveeeennneaeaen, 167
Index01H  Configuration Register (READ/WRITE) ......... 168
I/O Port Registers
I/OPort 00H DMA1 Channel 0 Address Register
(READ/WRITE/FLIP-FLOP) ....vevevasearanns 168
IOPort01H DMA1 Channel 0 Word Count Register o
' ) (READ/WRITE/FLIP-FLOP) ....vvvnnnenneanss 168
I/OPort02H DMAI1 Channel 1 Adidress Register
READTWRITE/FLIP-FLOP) . cvvvecnnnanannss 169
I/OPort03H DMAI1 Channel 1 Word Count Register
(READ/WRITE/FLIP-FLOP) ...ccvvvannnnnnnen 169
O Port 04H DMAL Channel 2 Address Register
(READ/WRITEFLIP-FLOP) ...cvvnurvvnnnenns 169
HOPortOSH DMA!Q Channel 2 Word Count Register
(READ/WRITE/FLIP-FLOP) ...cvvviinnnnnnnns 169
I/OPort 06 DMA] Channel 3 Address Register
(READ/WRITE/FLIP-FLOP} ...vvvveencnnannas 169
1/OPort07H DMAI Channel 3 Word Count Register o
READ/WRITE/FLIP-FLOP) . veceiercniaranannn 170
1/OPortO8H DMAL Status Register READ ONLY) ..........170
/O Port0SE DMA1 Command Register (WRITE ONLY) ...... 171
JOPort09H DMAI Request Register (READONLY) . ........ 171
FOPort 09H DMAI Request Register (WRITE ONLY) ........ 172
I/0 Port 0AH DMAI Command Register (READONLY) ....... 172
I/OPort OAH DMAZ Single Bit Request Mask Register
(WRITEONLY) ..oviieerensnnasnasssnnnnnss 173
I/OPort OBH DMA1 Mode Register (READ/WRITE) .......... 173
I/OPort OCH DMALI Set Byte Pointer Flip-Flop (READ ONLY) .173
I/ OPortOCH DMAI1 Clear Byte Pointer Flip-Flop
(WRITEONLY) ..icviuacuccnscneacnnsananns 173
1/0 Port ODH DMA1 Temporary Register (READONLY) ...... 174
/O Port ODH DMAI Master Clear (WRITE COMMAND ONLY) 174
I/OPat OEH DMALI Clear Mode Register Coanter
READ COMMANDONLY) ...covvuissvenecns 174
I/OPort OEH DMAI Clear Request Mask Bits _
‘ (WRITE COMMANDONLY) ....civvvsanunnas 174
"~ IJOPort OFH DMAI1 Request Mask Register Bits o
(READ/WRITE) ..cvcveccenenssanannsonnaras 174
1/OPort 20H INTCI Initialization Command Word #1
(ISTWRITEONLY) . eiviiiuinncccsssnsnanss 175

PRELIMINARY

xvil



B List of Registers

[XOPort21H INTCI Initislization Command Word #2
(INDWRITEONLY) «.vvvreneenenannonnacens 175
IZOPort21H INTCI Initialization Commank] Word #3
GBRDWRITEONLY) tiiiveneerenvencvncanans 175
HOPort21H INTCI Initialization Command Word #4
@GTHWRITEONLY) ...covecesescsrascnncans 176
IOPort21H INTCI Operational Command Word #1
| (READ/WRITE) «evvveeenennnnnnnncnannecens 176
IOPort 200 INTCI Operational Command Word #2
CNDWRITEONLY) covercecesanrsrsssannann 177
I/ OPort 20H INTCI Operational Command Word #3
(GRDWRITEONLY) cccvisssvassssssocsssses 178
I/OPort40H CounterfTimer Counter 0 (READ/WRITE) ....... 178
1/OPort41H Counter/Timer Counter 1 (READ/WRITE) ....... 178
JOPort42H Counter/Timer Counter 2 (READ/WRITE) ....... 178
J/OPort43H  Counter/Timer Control Word Register
(WRITEONLY) .covvcicecccnccncsasvonnannore 179
T/OPort 70H  Index Register AdAIeSS «oveveeevnnnseeesennnes 179
IfOPort 71H Data Register Address ..... crmrsesressesnnnrrs 179
JOPOrt80H Unused ....cvvevvverrsscncnrsronssnnennrans 179
10 Port R1IH  8-bit DMA Channe! 2(READ/WRITE) ..........179
I/OPort 828 8-bit DMA Channel 3 (READ/WRITE) .......... 180
IO Port 835 8-bit DMA Channel 1 (READ/WRITE) ...ocvuune 180
JJOPOrt84H TUNused ....cvcvvermerersnrnaversssansnsnane 180
/OPOrt85H Unused .....veeeeveencecaconcansencnnnnnnas 80
TOPOrtB86HE Unused ...vvvevenneennncnnnrncscosnsoncnnas 180
IOPort87H 8-bit DMA Channel 0 (READIWRITE) .......... 180
JOPort88H Unused ....cvovvvennnnnnnncansncsssocncanes 180
I/OPort 89H 16-bit DMA Channel 2 (READ/WRITE) ......... 180
1/0 Port 8AH  16-bit DMA Channel 3 (READ/WRITE) ......... 180
I/OPort 8BH 16-bit DMA Channel 1 (READ/WRITE) ......... 181
OPort8CH Unused ....ccccvcnveveencrenveonnncnncnnans 181
JOPort8DH Unused ......cecverevcvennveonsceacameannns 181
IO Port 8EH Unused ..... sttt titsstatnbaneeanrraraannn 181
1/0 Part AOH INTC2 Initialization Command Wurd #1
(ISTWRITEONLY) .vcevvrerennens vesaeneas 181
IO Port AIH INTC2 Initialization Command Word #2
(CNDWRITEONLY) vvvvnvreeranecns cansssas 181
IO Port AlTH INTC2 Initialization Command Word #3
BRDWRITEONLY) sovviiiicccnnnenranveens 181
IO Port AlH INTC2 Initialization Command Word #4
(ATHWRITEONLY) ..ccvvrncscaccnoccnssnnnee 182
/O Port AIH INTC2 Operational Command Word #1
{READ/WRITE) ...ccvveven sesesscncsntienen 182
10 Port AOH INTC2 Operational Command Word #2
CNDWRITEONLY) vocervee.. tasernananenes 183
I/O Port AOH INTC2 Operational Command Word #3
CGRDWRITEONLY) vccvvnvrrncsenncncasancs 184
PRELIMINARY

CHIPS and Technalogies, lnc.



I List of Registers

CHIPS and Technologies, inc.

1O Port COH
1/0 Port C2H
I/0 Pori C4H
1/O Port C6H
1/0 Port C8H
1/O Part CAH
I/0 Port CCH
1/0 Port CEH

¥/O Port DOH
1/0 Port DOH
I/O Port D2H
I/0 Port D2H
170 Pont D4H
I/O Port D4H
1/0 Port D6H

1/0 Port DRH
I/O Port DEH

1/0 Port DAH
1O Port DAH
1/0 Port DCH

1/0 Port DCH

1/0 Port DEH
1/0 Port 61H

DMA2 Channel 0 Address Register

(READ/WRITEFLIP-FLOP) .....covvvnvnnnnn. 184
DMAZ2 Channel 0 Word Count Register
(READ/WRITEFITP-FIOPY ., .. .ccc.aa...... 184
DMAZ2 Channel 1 Address Register
(READ/WRITE/FLIP-FLOP) ..covvvinennannn.. 184
DMA2 Channel 1 Word Count Register
READ/WRITEFLIP-FLOP) ..ovvvvvvnnnnnaann 185
DPMA2 Channel 2 Address Register }
(READ/WRITE/FLIP-FLOP)} ........ccvnvne... 185
'DMA2 Channel 2 Word Count Register
(READ/WRITE/FLIP-FLOP) ..ccevvvvsiinnann- 185
DMAZ2 Channel 3 Address Register i
READ/WRITE/FLIP-FLOP) ..cuvvvrneennnnens 185
DMAZ2 Channel 3 Word Count Register
READ/WRITEFLIP-FLOP) ...cvvvnvnrennnns. 185
DMA?2 Status Register (READONLY) .......... 186
DMA2 Command Register (WRITE ONLY) ...... 186
DMA2 Request Register READONLY) ......... 187
DMA2 Request Register (WRITEONLY) ........ 187
DMAZ Command Register (READ ONLY) ....... 188
DMAL Single Bit Request Mask Register
(WRITEONLY) cvucvvrvvvrnesssasaaroanannn 188
DMA2 Mode Register (READ/WRITE) .......... 188
DMAZ2 Set Byte Pointer Flip-Flop READ ONLY) . 189
DMAZ2 Clear Byte Pointer th—Flop
(WRITEONLY) .cvuicirnrrinsnsensonvacinnnnn 189
DMA? Temporary Register READONLY) ...... 1¥89
DMA2 Master Clear (WRITE COMMAND ONLY) 189
DMAZ2 Clear Mode Register Counter
(READ COMMANDONLYY} ..covveeeennnnenens 189
DMA2 Clear Request Mast Bits
(WRITECOMMANDONLY) .cccvevnvannnnnn. 189
DMA2 Request Mask Register Bits (READ/WRITE) 190
Control Port/Status . . ocvvvecnrccnnrnnnnnennens 190

PRELIMINARY

xIx



M List of Registers

XX PRELIMINARY CHIPS and Technologies, Ins.

A e om e = G = A = [ . e - S -




VOLUME

g s

PEAK/DM Overview







Section 1
Introduction

e 1.1 Features

82C351 CPU/Cache/DRAM/Controller
e 1.3 82C355Data Buffer

» 14 82C356 Peripheral Controller







CHIPS and Tachnologies, lnc.

M Introduction

Soction 1

Introduction

| 1.1 Features

Supports 25 and 33 MHz 386DX cache based systems
100% IBM PC/AT compatible

Supports asynchronous AT bus timing through independent clock or
division of CPU clock

Reguires only 16 IC’s plus memory for a 386/AT cache based PC/AT
Includes an integrated CPU/Cache/DRAM/bus controller

Enhanced performance of the 386DX and memory system due to
simultaneous activation of cache and DRAM accesses by the integrated
controlier

0 Zero wait state non-pipelined read hit access

o Buffered write through DRAM update scheme to minimize write cycle
penalty

0 Supports 32KB, 64KB, 128KB and 256KB direct mapped cache

0 Supports 4 blocks (of variable size from 4KB to 4MB) of main
memory as programmabie non-cacheable address space

Utilizes tightly coupled 386DX interface

80387 and Weitek 3167 coprocessor interface logic

arm a— 1AOE FTY . | _.. ....‘1.1.. s P
auppc:ﬂs U W) LZDIVID oflocal MOTy uuuugu LCXIDIC RGN Y
architecture

o0 Programmable wait states and RAS precharge time for each block
(2 pair of banks)

& Supposts 256Kb, 1Mb, and 4Mb DRAMS in configurations of up to 4

blocks (8 banks)

o Supports staggered RAS during refresh

0 Supports hidden refresh

Supports shadowing of BIOS EPROMs

Suppoarts dual 8-bit or single 16-bit EPROMs
Features integrated high speed cache tag comparator

Provides built in hardware for direct tag RAM testing
Provides posted or non-posted writes
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1.2 82C351 CPU/Cache/DRAM/Controller

By integrating both the cache and DRAM control functions in one chip, the
82C351 supports simultaneous activation of cache and DRAM accesses; thereby
minimizing the cache miss penalty. It has hardware suppost to allow the user 1o
designate up to four blocks (of variable size from 4KB 1o 4MB) of main
memory as non-cacheable address space.

The 82C351 cache controller supports a direct mapped cache architecture and
cache sizes of 32ZKB, 64KB, 128KB, or 256KB. Memory write updates are
implemented using a buffered write-through scheme. The 82C351 is available

ina 160 pin PFP package.

1.3 82C355 Data Buffer

The 82C355 bus controller contains the data buffers used to interface between
the local and system memory buses and a path for the AT data bus. In addition
to having high current bus drive, it also performs conversions between the
different sized data paths and provides parity generation and checking, The
82C355 is available in a 120 pin PFP package.

1.4  82C356 Peripheral Controller

The 82356 peripheral controller contains the address buffers used to interface
between the processor address bus (A<23:2>) and the system address bus

(SA<19:0>). It also contains an equivalent 82C206 integrated peripheral
controller that incorporates:

¢ Two 8237 DMA controllers

* Two 8259 interrupt controllers

*  One 8254 tmer/counter

®*  One MCI46818 real time clock

s  Several TIL/SSI interface logic chips.

The 82C356 is available in a 144 pin PFP package.
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]
Figure -1,  PEAK/DM System Block Diagram
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Section 2

Manual Conventions

2.1 What You Need to Know

We assuine you undersiand basic computer Concepts, operations, Compoicits,
and terminology. We also assume you understand the architecture, structure,
and operation of an IBM PC/AT; as well as how the various components relate
to one another to effect overall operation. We further assume you have an

nmlprcfnﬂdmu of the varians memorv tvnes and anerations.

Y hn mrneir wenwEmees ] wg pooe Ssis MOpPUSIS ot oo

Based on these assarmptions, the explanations presented in this manual therefors
assume you have a working knowledge of component parts and their operation
outside our CHIPSet, With the explanation of our CHIPSet, you can, with your

e A _O P gy ien e PYEIT 2 40 nmbeana $ha

Bnaersianding o1 ihe oiher components, utilize oir Lnirsel i0 ennance ine

overall performance and excellence of the product.

If you are unfamiliar with these concepts, please consuit the appropriate
documentation to enhance your understanding of the explanations presented in
this manual.

2.2 About This Manual
Here's what you'll find in this manual:
Volume I: PEAK/DM Overview
s Section 1: Introduction peovides basic information about the PEAK/DM.
*  Section 2: Manual Conventions gives an overview of this manual.
Volume II: 82C351 CPU/Cache/DRAM Controlier

o  Section1: 351 Functipnal [ D rip tzan ldenllﬁ_gs the flmg_t;gnmz of the
82C351.

e Section 2:351 Configuration Registers details the internal registers within

the Peak/DM chipset,
s Section 3: 351 Pin Descriptions provides iables describing each pin and its
function.

s Section 4: 351 Physical Characteristics reports the range of absolute
maximum ratings, operating conditions, and capacitive characteristics.

o Section5: 351 DCIAC Characteristics identifies the DC and AC
Characteristics associated with the 82C351.

®  Section 6: 351 Timing Diagrams details the timings of the 82C351.
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Section 7: 351 Physical Dimensions identifies the dimensions of the
82C351 PFP package.

Votume lil: 82C355 Data Butfer

Section 1; 355 Functional Description describes the 82C355 chip including
an in-depith functional description.

Section 2; 355 Pin Descriptions provides 1ables describing each pin and its
function.

Section 3: 355 Physical Characteristics reports the range of absolute
maximum ratings, operating conditions, and capacitive characteristics,
Section 4; 355 DCIAC Characteristics identifies the DC and AC
Characteristics associated with the 82C355. »
Section 5: 355 Timing Diagrams details the timings of the 82C355.

Section 6: 355 Physical Dimensions identifies the dimensions of the
£2C355 PFP package.

Volume IV: 82C356 Peripheral Controlier
Section 1: 356 Functional Description provides an in-depth functional
description of the 82C356 chip.

Section 2: 356 Configuration Registers details the internal registers within
the Peak/DM chipset.

Section 3: 356 Pin Descriptions provides tables describing each pin and its
function.

Section 4: 356 Physical Characteristics reports the range of absolute
maximum ratings, operating conditions, and capacitive characteristics.

Section 5: 356 DCIAC Characteristics identifies the DC and AC
Characteristics associated with the 82C356.

Section 6: 356 Timing Diagrams details the timings of the 82356.

Section 7: 356 Physical Dimensions identifies the dimensions of the
82C356 PFP package.

2.3 Typographical Conventions
The following conventions are used throughout this manual;

REGnH identifies the internal register of index n in hexadecimal notation.
REGnH <x:y> indicates the bit field from bit x to bit y with index n in
hexadecimal notation. )

(xxx) signifies the default value after power on Reset; where xxx are
register bits.

Signal names are identified in full caps; for example, READY.

A dash before the signal name indicates an active low signal; for example,
~-READY.

Section and Volume titles are shown in italic type for example; Section 72
Clock Input Timing is found in Volume IV: 82C356 Peripheral Controller.
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The following terms are used throughout this document:

* MB=megabyte

* Mb=megabit

®* KB =kilobyte

* Kb=Lilobit

* MHz =megahertz
®  ns = nanoseconds
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Section 1

351 Functional Description

| 1.1 Features

The 82C351 interfaces directly with the 386 DX and controls all bus accesses
including CPU, DRAM, SRAM (cache) and AT bus cycles, The 82C351
includes an integrated Cache and DRAM coniroller designed to minimize cache
miss penaltics. The 82C351 provides registers for controlling various system
functions such as DRAM and SRAM fiming, system configuration,
non-cacheable memory areas, and refresh. It also includes action code
generation for the bus conversion logic contained in the 82C355.

The 82C351 is part of a cost-effective solution for maximizing the performance
of a 386 DX based system. This is accomplished by providing support for
high-speed cache memory that is used to hold the most recently accessed code
and data. With the use of a cache memory subsystem, the 386 DX is capable of
performing memory bus cycles without additional wait states. Most memory
reguests can be supplied by this fast cache memory. Cache updating is
performed using a buffered write-through system. Using this system, write
accesses to the slower main memory are buffersd, so the CPU can start the next
cycle before the write cycle is completed. The cache memory has 2
direct-mapped organization.

The 82C351 provides clock circuitry to supply both the high-speed CPU clock,
and the relatively low speed AT bus clock. Since the CPU can operate at clock
rates of over four imes the AT bus clock, the 82C351 is capable of producing

an AT bus clock that is a division of the CPU clock, or an AT bus clock derived
from an independent ciock source.

The 82C351 is also designed with indcpendem programmable controls for the
AT bus command timing and wait state generation for memory and I/O accesses.
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Figure 1-1.  82C351 Block Diagram
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12 Functional Subsystem

The 82C351 CPU/Cache/DRAM Controller consists of the following functional
subsystems as illustrated in Figure 1-1.

*  Reset and shutdown Jogic

& AT and CPU clock selection logic

*  Action code generation, buffer control logic, and data conversion logic
*  Control Logic for:

CPU

DRAM (local) memory and SRAM (cache) memory
AT bus accesses

Bus arbitration

OWS or 1WS buffered write cycles

¢  Memory control logic for:

DRAM accesses

Cache memory accesses

Refresh cycles

EPROM Accesses

Shadow RAM support

*  Index registers for system control
¢ FastRESET
.. FastGATEA20

o o 00 0

oo o0 OO0

Reset and Shutdown Logic

‘The 82C351 has two reset inputs, -RESET1 and -RESET2; and two reset
outputs, RESET3 and RESET4, -RESET1 is used to indicate a request for
powez-On reset, and is usually connected to the POWERGOOD signal from the
power supply. -RESET!] is also used to reset the keyboard controller; and when
active, the 82C351 issues RESET3 and RESET4 for a system reset. Both
RESET3 and RESET4 are synchronized with CPUCLKIN and meet the setup
and hold time requirements for the 386DX. '

-RESET2 is generated by the keyboard controller in response to an instruction
from the system and is used to switch the CPU from protected mode to real
mode. -RESET2 activates only RESET3 which is used to reset the CPU,
RESET?3 is also activated by the 82C351 when a shutdown condition is
detected. After a shutdown condition is detected, RESET3 is asserted and is
held high for at least 64 CPUCLKIN cycles and then deasserted. An active
RESETS3, resulting from a shutdown, is synchronized with respect 1o
CPUCLKIN 1o ensure proper CPU operation.

The methods described above for resetting the processor in order to return to
real mode are relatively slow. The 386DX can switch from protected to real
modes without nsing the slower keyboard -RESET2; however, most available
software is designed for 80286 or 8086 machines and requires the keyboard
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controller to generate a CPU reset. For this reason, the 82C351 includes logic to
initiate a fast reset, to be used in place of the methods previously described. The
fast reset can be invoked by a 0 to 1 transition of bit 0 in port 92H, or bit 5 in
index regisier 60, If pori $2H is wsed, bii § in index ZBH inuist be sei io enable
the port. RESET3 is asserted for at least 64 CPUCLKIN cycles during either a
power-On reset, a fast reset, or a keyboard controlier reset.

RESET4 is used to reset the 82C356, the AT bus, and the math coprocessor, It
is synchronized with respect to CPUCLKIN and is asserted for at least 64
CPUCLKIN cycies.

4N Pleal ] asia

1.9 WIUCA LUUIV
The 82C351 has a flexible clock selection system as shown in Figure 1-2. This
system generates clocks for both the processor and the AT bus. The inpuis to
this clock selection logic are CLK2IN and ATCLKIN. CLK2IN is driven from
a packaged oscillator circuit running at twice the 386DX rated frequency.
ATCLKIN, if present, is usually 16MHz, to provide an 8MHz AT bus clock.
The output of the AT bus clock selector is BUSCLK. BUSCLXK is equal to one
half the internal BCLK. BCLX can be a divisor (2, 3,4, or 5) of CLK2IN or
equal to ATCLEKIN, Asshownin Table I-1,index Reg 07Hcan be

programmed to select the desired clock for BCLK,

CPU and AT Clock Selection

Aeg 8H <0> Rog 7H <2:0> BCLK CPUCLK
0 000 CLK2IN/S CLK2IN ]
0 001 CLKZIN/4 CLXIIN .
0 010 CLE2INS . CLR2IN
0 011 CLK2IN/2 CLK2IN
0 100 ATCLEIN CLK2IN
1 100 ATCLKIN ATCLEIN

Table 1-1 lists all possible clocks modes, Note that ATCLKIN should be a
lower frequency than CLX2IN. Table 1.2 is a listing of the different
combinations available with PEAK/DM that yield a compatible AT clock
frequency. Some add-in cards may not function properly if the AT Bus clock is
greater than 8MHz.

BUSCLK Frequencies
CLK2IN Divisor BCLK BUSCLK
50 MHz 3 16.66 MHz $.33 MHz
50 MHz 4 12.50 Mz 625 MHz _
66 MHz 4 16.50 MHz 825 MHz ]
66 MHz 5 13.20 MHz 6.60 MHz
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N
Figure 1-2.  82C351 Clock Selection
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‘The output of the processor clock selector is CPUCLK. This signal is routed to
an oatput pin and is not used inside the 82C351 except for the clock select
circuit. CPUCLK is software selectable between CLK2IN and BCLK. Index
Register 08H, bit 0, selects the CPUCLK source. Normally, CLK2IN should be
selected as the processor clock (CPUCLKIN) to allow the processor to operate
at its maximum rated speed. BCLK may be used to generate the CPU clock
when there is a need to slow down the processor for timing dependent code
execution. There is a separate CPUCLKIN pin on the 82C351 that is used
internally, This pin should always be connected to the same clock as the CPU.

Once clock selection options are set, clock switching occurs with a clean
transition. During clock switching, no phase of CPUCLK is less than the
minimum oc greater than the maximum value specified for the 386DX. The
default settings for CPUCLK and BCLK are CLK2IN and CLK2IN/S, *
respectively.

1.4 Action Code Generation and Data Conversion
Logic

The AT bus control logic performs data conversions for CPU accesses to

devices that are not on either the local CPU or memory bus. The data bus

conversions are performed for 16 and 8-bit read or write operations. If required,

32-bit transfers to or from the CPU are broken into multiple 16 or 8-bit cycles.

Action codes are generated to control the buffers within the 82C355. Byte

addresses XA<{:1> are generated for CPU AT bus cycles to drive the lower two
bits of the AT address bus.

The 82C351 uses -MCS16, -IOCS16, 2and -BE<(:3> to determine the size of the
data being transferred between the CPU and the AT bus. -MCS16 indicates
16-bit memory accesses are required while -IOCS16 indicates 16-bit /O
accesses are required. If -MCS16 or -I0CS16 are not asseried, 8-bit transfers
are assumed. The request is contverted into 1, 2, 3, or 4 AT bus cycles based on
the CPU byte enable signals. For example, when -MCS16 is asserted, the AT
bus control logic converts a 32-bit memory access into two 16-bit AT bus
AcCesses,

When performing the data conversions, a 4-bit action code AC<0:3>, is
generated to control the buffers in the 82C355 for the alignment of data paths
ard to control the direction between the D and MD data buses. The definitions
for the action codes are given in the functional descripticn of the 82C355. For
data accesses to and from the SD bus, SDIRO controls the buffer direction for
SD<(;7> and SDIR1 controls the buffer direction for SD<B:15>,

1.5 CPU, Local Memory, AT Bus Control and
Arbitration Logic

The 82C351 contains logic to control all accesses initiated by the CPU,
DMA/Master, or refresh regoest logic 1o the DRAMs (local memory), SRAMS
(cache memory), or the AT bus.
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The CPU and Local Memory (DRAM) logic controls all the accesses to the
local bus {(DRAM and cache memory), while the AT bus logic controls
non-local bus accesses. The CPU and DRAM logic supports oniy 32-bit
transfers between the CPU and the system memory where no bus conversions
are required. Thus, the -BS16 input of the 386DX is not used in PEAX/DM
based systems and should be pulled high.

The AT bus logic is responsible for all non-local bus accesses and controls the
AT bus for proper bus conversions. In a traditional AT compatible design, the
AT bus clock (BCLK/2 or BUSCLK) and the CPU clock (CPUCLK) are the
same. In PEAK/DM, it is not necessary for the CPUCLK and BUSCLX to share
the same clock. The CPU and local memory logic can be driven by
CPUCLKIN, while the AT bus can run off BCLK. This allows the CPU to
operate at much higher frequencies, while the AT bus operates at an
AT-compatible 8 MHz speed. By allowing the different clock source for the
CPU and the AT bus, high performance systems can be designed compatible
with standard AT bus peripherals. PEAK/DM also has the capability of
deriving the AT bus clock from CLK2IN, CLK2IN can be divided by 2, 3,4, or
5 to yield BCLK (see section 1.3 Clock Logic for more information.)

1.6 CPU Control Logic

The interface to the 386 DX processor requires proper interpretation of the
status lines upon assertion of -ADS, and the generation of -READY upon
completion of the requested operation. The CPU control logic monitors ~ADS,
M/-IO, W/-R, and D/-C to determine the CPU’s cycle type and its starting point.
This logic generates -MALE to indicate the start of a new CPU cycle.

A local memory sccess is distinguished from a non-local access by the assertion
of -AF32. -AF32 is generated by either the 82C351 for local ¢cycles, or the
Weitek coprocessor for Weitek coprocessor cycles. -AF32 is also an input to
the 82C351 to indicate that a Jocal device is in control of the bus such as the
Weitek coprocessor. At the end of T2, after the generation of -MALE, the CPU
control logic samples -AF32. If -AF32 is asserted, the current cycle is
considered a local cycle and the AT bus logic is not activated, If -AF32 is
inactive, then the control is passed to the AT bus logic. The CPU control logic
and the processor then wait for -READY to be generated by the AT bus control
logic, Figure 1-3 shows the timing relationship for -MALE and -AF32 with
respect to CPUCLKIN, -ADS, and -READY.

||
Figure 1-3.  -MALE and -AF32 Generation for Local Bus Cycles (2 WS Cycle)
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Local Memory Control

If -AF32 is asserted by the 82C351 at the start of a memory cycle, then the
82C351 starts a local memory cycle and doss not allow the AT bus control logic
to begin. The local memory control logic generates the corresponding DRAM
control signals. It can be programmed to insert wait states in units of two
CPUCLKIN cycles to extend the memory cycle so that slow DRAMS may be
used to implement the memory subsystem. At the end of the cycle, the local
memory control logic generates -READY to terminate the local cycle. If -AF32
is asserted externally, then neither a local or AT cycle will occur. The device
that generated -AF32 must generate -READY 10 end the cycle.

AT Bus Control

The AT bus control logic is invoked whenever -AF32 is not active at the start of
the cycle. This logic is driven by BCLK, which is two times the frequency of
the AT system clock, BUSCLK. The 82C351 performs the necessary
synchromzaum of the control and status s1gnals between the AT bus and the
processor. The 82C351 supports 8, 16, or 32-bit transfers between the processor

and the 8 or 16-bit memory or I/0 devices located on the AT bus,

Aw AT Laae s tnitiatad har ansswitnne REAT E shar 3 is Anrndad Ernem tha MDTT
Al Al DS \-Jr\dG la MHUALGAL DY AbdOUILIsLE SIYLOM G W14k L3 VRAAFILAT MV Ll

status signals and is terminated by asserting -READY. During memory cycles,
on the falling edge of BALE, -MCS16 is sampled to determine the bus size
required. Daring 10 cycles, -IOCS16 is sampled on the falling edge of BALE.
After 3 programmed number of delays, the AT logic then enters the command
phase. The command signals for the memory or I/O cycles remain active until
the programmed number of wait states are executed. At this point, IOCHRDY
is sampled, If IOCHRDY is active, the command signals become inactive
during the next BUSCLK cycle. If IOCHRDY is not active, the command
signals are extended for an additional cycle and IOCHRDY is sampled again.
This process continues indefinitely untit IOCHRDY becomes active. Figure 14
shows the AT bas timing.

|
Figure 14. AT Bus Timing - One Wait State
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Figure 1-5.

B 351 Functional Description

‘The AT bus control logic provides programmable registers to control the status
arxl command phases of different AT bus cycles. These registers allow low
speed AT bus peripherals to operate properly. The 82C351 can be programmed
to insert wait states in units of BUSCLX and to delay the generation of -IOR,
-IOW, -MEMR, -MEMW commands in one half units of BUSCLK (BCLK)
within the selected wait states. AT bus wait states can be controlled
independently for 8 and 16-bit accesses and the command delays for 8-bit

memory, 16-bit memory of I/C cycles. The command cycle is ienminated by
detecting -OWS or [OCHRDY active. A command delay is one BCLX delay
between the end of BALE and the start of a command. Command delays reduce
the total time a command is active. Wait states are additional BUSCLK cycles
added to the time a command is active. A command active for 0 wait states with
0 command delays would be 1 BUSCLK long. In addition, extra addre$s hold
time can be added for AT adapter cards that may need it to operate reliably.

‘This feature, when enabled, delays the next cycle from starting by one T state.
This Ieaves the address for the current cycle valid for an extended period of time.

Bus Arbitration

The 82C351 controls bus activity and provides arbitration between the CPU,
DMA, bus master devices, and DRAM refresh logic. The 82C351 arbitrates
between HRQI, HRQ2, and REFREQ in a non-preemptive manner by
generating a HOLD request to the CPU, The CPU relinquishes the bus by
issuing HLDA. The 82C351 responds by issuing HLDA1, HLDAZ, or -REF
depending on which device prevailed during arbiiraiion. During an AT siyle
refresh cycle, the refresh logic has control of the bus until -REF goes inactive.
-MEMR is asserted low during the refresh cycle and the refresh address is
placed on the MA<0:10> bus by the refresh address counter. In an
AT-compatible design during a DMA cycle, the DMA controller has control of
the bus until HRQ1 becomes inactive. Figure 1-5 shows the timing for bus
arbitration.

Bus Arbitration (REFRESH)

- T N 4

woxo / \
o / J\ W—
ner \ /-
MEMR \____J
MADIIC x VALID REFRESH ADDRESS _x
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The rising edge of REFREQ sets an internal flag in the 82C351. A HOLD
request is then generated, synchronous to the CPU Clock. When the CPU
finishes with its current activity, it releases the bus and activates hold
acknowledge (HLDA.) The 82C351 then begins the AT style refresh cycle by
asserting -REF. After -REF is activated, the 82C351 places the refresh address
on the MA<0:9> bus and activates -MEMR. After the refresh cycle is
completed, -REF and -MEMR are driven to inactive states. HOLD to the CPU
Tefurns to inactive state and the CPU regains control of the bus.

Figure 1-6 shows a DMA cycle arbitration. If 2 DMA device requests control of
the bus, it activates KRQ1 or HRQ?2. The 82C351 receives HRQ1 or HRQ2 and
issues HLDA1 or HLDA? and relinquishes the bus. Once the DMA device is

nﬁ!ﬁﬂg’ nm-m-:_l_“5 H.Rv.{; {un-P‘_RQ') the 820351 deasserts HLDAL or HI A2

and returns controf to the CPU.
I
Figure 1-6.  DMA Cycle
o2 / N,
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1.7 Bus Timeout Log

An optional Ready timeout is available in the 82C351. If index Reg 26H «2> is
a 1, the feamre is enabled, If any device being accessed by the CPU does not,
respond with -READY within 128 clock cycles, the 82C351 AT bus control
logic will generate -READY itself if the option is enabled,

1.8 Memory Control Logic

The 82C351 provides all the logic necessary to interface to both local and cache
memories. It wiilizes a direct-mapped cache organization of up to 256KB and
conventional DRAM accesses up 10 128MB. It also contains the necessary logic
for refreshes, DMA cycles, accessing the EPROMS, and Shadow RAM.

a om o am . - e

The B2C351 provides the controi iogic for generating -RAS<(:7> , -CAS<l:3>,
MA<0:10> and -DWE to control DRAM accesses. It also provides BWBUSY,
1.DBDIR, and -LDBEN signals to control the direction of the data flow between
the D and MD buses through the 82C355. Figure 1-7 (shown in the section
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'The 82C351 supports 256KB, 1MB, and 4MB DRAM:; in configurations of up
to 4 blocks of 2 banks each. The data width of a bank is four bytes plus 4 parity
bits (one parity bit for each byte) or 36-bits. Each block has its oWwn set of
configuration registers. These configuration registers are used to define the type
of memory, the number of wait states (for a DRAM cycle), the minimum RAS
pre-charge time, the duration of a refresh RAS pulse, and the starting address
within a block. Each block can have a different combination of these options.
For example, block 0 can have 256K DRAMSs running with 5 wait states while
block 1 has IMB DRAMS running with 4 wait states. The minimum amount of
local memory is IMB if 256Kb memory devices are used (If IMb DRAMSs are
installed, the minimum amount of Jocal memory is 4MB ang if 4Mb DRAMS
are employed, 16MB). Since the starting address is for an entire block, all
DRAM used in a block should be of the same size so the memory will be
contiguous. All DRAM access and refresh control signals are presented by the
82C351 with programmable configurations for 256Kx1, 256Kx4, IMix1, 1Mx4,
4Mx1, and 4Mx4 devices. Parity gencration and checking is implemented in
conjunction with the 82C355 data buffer. Index 28 bit 7 in the 82C351
determines if parity is enabled (-PEN is low) or disabled (-PEN is high). If
-PEN 10 the 82C355 is low and a parity error is detected, -LPAR is driven active
to the 82C351. The address of the memory location where the parity error
occured is latched into index Reg 28H<0:2> and Reg 29H<0:7>.

The 82C351 controls the DRAM memory accesses from four sources: CPU,

DMA request, refresh request or a master. These accesses are arbitrated based
on the inputs HLDA1, HLDA2 and -REF and are handied by their own control
logic. The refresh logic is in control whenever -REF is active. When HLDA1

or HLDA?2 is active, the DMA logic is in control. In all other cases, the CPU

control logic is in control for valid DRAM memory accesses as defined by the
memory map in the configuration registers. ‘The arbitration is non-preemptive;
the current active control logic always runs to completion prior to relinquishing
control.

The CPU initiated accesses are decoded according to the memory map defined
in the configuration registers. The accesses to the local memory are
conventional DRAM accesses. The DRAM access begins by strobing in a valid
row address with -RAS, while -CAS remains high. The addresses on the
MA«<(:10> bus are then changed from row addresses to column addresses and
strobed in by -CAS, with -RAS remaining low. This is the beginning of a
DRAM cycile. The specific type of cycle is determined by the state of the
DRAM write enable pin, -DWE, When high, -DWE instructs the DRAMS to
read the data on the memory data bus. When -DWE is low, the DRAM;s place
their data on the memory data bus. The DRAM cycle is terminated when both
-RAS and -CAS are returned to a high state. The 82C351 then generates
-READY to terminate the current CPU cycle. -DWE should be buffered and
connected to each DRAM write enable input.

Bit 3, in index register 2F, controls the location in a local DRAM cycle that
-RAS and -CAS are asserted. When this bit is 0, Late RAS mode is selected;
and when the bit is 1, Early RAS mode is selected. With Late RAS mode, -RAS
is asserted at the end of the first T2 state. -CAS is asserted in the middie of the
third T2 state. With Early RAS mode, -RAS is asserted in the middle of the first
T2 state. -CAS is asserted at the end of the second T2 state, Early RAS mode
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provides more data access time for the DRAM, but requires the Tag SRAMs to
deliver the cache address sooner. Therefore, slower DRAM could be used, but
faster Tag SRAMs would be needed. Also, since -RAS is asserted earlier,
additional time between cycles may be added by the internal logic to meet the
minimum -RAS precharge time of the DRAM.

DMA accesses are initiated by asserting HLDA1, The signal combinations
-MEMR and -IOW or -MEMW and -IOR, determine if the DMA cycleisa
memory read or write access to or from an I/O device. Byte accesses to the
iocal memory are controfled by the four -CAS lines, CAS<0:3>. -CASQ selects
the least significant byte, while -CAS3 selects the most significant byte within
the 32.bit wide local memory. To accomplished this, the 82C351 generates the
byte enable coded -CAS lines based on the XAQ, XA1, and SBHE signats. The
DMA control logic makes one memory access per DMA buas cycle and does not
attempt to pack or unpack data transfers to make full 32-bit transfers.

First Megabyte of Memory

The initial memory default is for 0X of local memory. Index register 2AH bit 0,
when set to a 1, enables the first 512K of local memory. If memory is to be
located from this point to the end of the first megabytz, then bit 1 of index
register 08H should be set to a 1 which allows index registers 0CH through OFH
to control this address space. Registers 0CH through OFH determine whether
the memory kocated between 080000H and OFFFFFH is located on and
controlled by the system board, or on the /0 channel. Each bit of the registers
controls a 16KB address space, In addition, there is a register that controls
whether the accesses 1o four 64KB areas will be to ROM or to RAM between
OCO000H and OFFFFFH. The RAM, if selected, can be write protected if
desired. This index register, 09H, is for controlling the Low Boot Space. Bits
<7:4> are used to select if the RAM is readable and writeable or read only. Bits
<3:0> determine if ROM is enabled in any of these four locations.

These seven registers control how the first megabyte of address space is utilized.
For instance, assume a system has this configuration:

* 1MB DRAM on the system board
s  System ROM BIOS
*  EGA/VGA video board installed in }/O channel with BIOS and RAM
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The registers would be set as follows:

I 351 Functional Description

Register Description Bits «7:0> Function
. O8H Imigal Memory ARAXXX il X Enabics Cofiio by Egiﬁﬁfwnwuﬂ'}
CoH Low Boot Spsce 10010000 All ROM dizabled, read only RAM at
- : : CO0000H - CFFFFH and FODOOH - FFFFFH
OCH Mem Enable Map 0000CGO0OO00 RAM a 80000H - 9FFFFH on beard
8000CH - 9FFFFH
onH MemEnshleMsp 1111131111 RAM st AOOOOH - BFFFH-Im@;_@t_:l
ADOOOH - BFFFFH
0EH Mem Enabie Map 0000000CD RAM = COO00H - DFFFFH on boerd
CO0000H - DFFFFH
OFH Mem Ensble Map 00000O0CGED RAM st EDOOOH - FFFFFH on board
EDOO0H - FFFEFH
2AH MemEnsbleMsp XXX XXXZX 1 Enable low 512KB local memory
D0000H - TFFFFH

This example is intended to show how the registers controtling the memory
enable map and Low boot space are used. Other registers are used to select the

TR AR imineg and canfionration and am avnlainad in Certine 2- 257
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Configuration Registers. Also, a specific sequence must be used in order 10
move a BIOS 10 RAM,; this is explained in the section titled Shadow RAM.

Cache Access

The 82C351 supports 32KB, 64KB, 128KB or 256KB of direct-mapped cache
memory. The 82C351 provides all the logic for generating -CRD, -CWE<0:3>
and CALE to control the cache memory. For a detailed description of the cache
organization, structure and usage refex to Section 1.10 Cache Concepts.

Reiresh Cycle

The 82C351 provides two different methods of performing DRAM refreshes,
AT style refresh and Hidden refresh.

‘When using AT style refresh, the 82C351 arbitrates for the bus after receiving
REFREQ, and generates HOLD request to the CPU. The CPU relinquishes the
bus by issuing HLDA.. The 82C351 responds by issuing -REF and starts the
refresh cycle. -RAS only refresh is performed by strobing a row address while
-CAS remains high. The independent RAS pulses (-RAS<0:7>), are staggered
in arder to reduce noise caused by driving them all active simultaneously.

With Hidden refresh, DRAMS are refreshed without the 82C351 implementing
the HOLD and HLDA sequence. With Hidden refresh, the CPU is allowed to
access the cache memory for a read hit during a refresh cycle. If a local
memory, AT or DMA cycle is initiated while a hidden refresh cycle is
occurring, wait states are inserted until the refresh cycle is complete, ‘The
delayed cycle is then allowed to complete. On the other hand, if a local
memory, AT or DMA cycle is active when a hidden refresh cycle would
nomzally start, that cycle is aliowed to finish and the refresh happens afterwards.

L A P gy Syuge. WL S S

rlgm:c 1-7 shows ihe nidden reiresh wing.
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Figure 1.7,

Hidden Refresh
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Figure 1.8.

1.9 EPROM Control Logic

The 82C351 provides control Iogic to generate -ROMCS for ROM accesses.
The AT bus control logic generaies -READY for this cycle. -ROMCS can be
enabled for any of the 64KB scctions starting at 0CO000H, 0DOOOOH, 0E0000H,
and OF0000H with index register 09H bits 3 10 0, respectively. Index register
2CH bits 3 to 0 control -ROMCS for the 64KB sections starting at 0FCO000H,
OFDO00OH, OFEO00CH, and OFFO000H. ~-ROMCS is connected to any ROMs
located in these address ranges that are located on the system board. -ROMCS
is also connected to the 82C356 which controls the direction of data flow
between the SD and XD busses. When a ROM access occurs in one of the
above address spaces, and -ROMCS is enabled for that area, the 82C351 asserts
~-ROMCS. The 82C356 nses XDIR io direct ROM data from the XD bus to the
SD bus. If, on the other hand, one of the above areas is to be used for RAM, as
with the shadowing of BIOS ROMS, the registers 09H or 2CH would be
configured so -ROMCS is not asserted for accesses 1o that section. Accesses 1o
this RAM would be handled by the local memory control Iogic instead of the
AT bus control logic.

When 2 single ROM is used, it is attached to the XD<0:7>bus viaa
bi-directional buffer whose direction is controlied by XDIR from the 82C356.
‘When the processor accesses the ROM, four successive byte transfers are
initiated to complete the 32-bit read.

Single EPROM Connection Example

JDW

qRREERIY

SELERLER2E

434
N
Is

o RuBnbERR
RUREEERY

PRELIMINARY CHIPS and Technologies, Inc.

|if|



I 351 Functional Description

Dual ROMs are often used where the code is split, with the even (low} addresses
in the first ROM, and the 0dd (high) addresses in the second ROM. In this case,
logic should be added to drive -MCS16 low 1o the 82C351 whenever -ROMCS
is asserted, in order for the 82C351 to perform two 16-bit accesses to complete
the 32-bitread. The low byte ROM should be attached to the XD<(:7> bus.
The high byte ROM should be connected io a newly created XD<8:15> bus that
connects 1o the SD<8:15> bus via a buffer that is enabled by -ROMCS.
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Figure 1-9.  Dual EPROM Connection Example
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Shadow RAM

In: order to enhance system performance, it is preferable to execute BIOS code
from RAM rather than from slower EPROMs. The 82C351 provides a feature
called Shadow RAM, that when enabled, allows BIOS code 1o be exccuted from
system RAM resident at the same physical address as the BIOS EPROM.
Software should transfer code stored in the BIOS EPROMs to the system RAM
before enabling the Shadow RAM feature. This feature significantly improves
the performance in applications that use BIOS calls extensively. The Shadow
RAM feature is invoked by enabling certain bits in the ROM enable register and
RAM mapping registers (Reg 09H, 0EH, and OFH). Once the BIOS is
shadowed, that portion of RAM is write protected.

The sequence for turning on the shadow RAM for Video BIOS ROM is as
follows:

1. Enable the ROM space in register 09H and make the RAM read/writable,

2. Disable the local memory DRAM at 0CO000H to OCFFFFH using register
OEH<4-7>. " o

3. Read abyie of the Video ROM into a temporary register.

4. Enablk the corresponding local memory at GCO000H to OCEFFFFH by using
register 0EB<4-7>,

5. Write the data from the temporary register into the memory. Since the
memory located at 0C0000H to OCFEFFH is now enabled the memory write
cycle will be directed to the local system memory instead of the video
memory.
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6. Go back to step 2 until the entire BIOS is transferred from ROM into RAM.

7. Upon completion of the data transfer from ROM to RAM, program register
09H to disable the ROM and make the RAM read only.

The sequence for mmmg on the shadow RAM for system BIOS ROM is as
follows:

1. Enable the ROM space in register 09H and make the RAM read/writable.
2. Enable the coeresponding local memory by using register OFH.

3. Read the conient of the ROM and write to local memory. Since the memory
write cycle does not generate -ROMCS, data is written to RAM,

4. Upon completion of the data transfer from ROM to RAM, program the
register 09H to disable the ROM and make the RAM read only.

0S/2 Optimization

The PEAK/DM architecture features OS/2 optimization nsing fast RESET and
fast GATEA20. OS5/2 makes frequent DOS calis while operating in 80386
protecied mode. In order to service these DOS calls efficiently, the CPU needs
to switch from nrotected to real mode. For a PC/AT architectnre, the keyboard
controller is used to reset the CPU (switch to real mode) and to activate
GATEA2). Since this is a slow process, the 82C351 contains & register at /O
port 92H used to generate a fast CPU reset, and a fast GATEA20. If GATEA20
is low (0 in port 92H), the address line A20 is forced 1o 0; otherwise address line
A20 is passed through. Port 92 is accessed directly instead of using the indexed
register method. The port can be enabled or dissbled by writinga 1 or 0,
respectively, to index Reg 2B bit 6.

Coprocessor Handling

The 82C351 identifies 2 387DX cycle by decoding A31 and M/-I0. A one wait
state -READY is generatzd for alt 387DX cycles. The 82C351 canbe

g+ sthar sand rorwnraccoss rur
programmed 10 Sitner sOnG Soproiessor 3:73135 to the AT bus, or not to generate

READY atall. Sending the 387DX cycles to the AT bus is done when the
387DX is not present and a value should be forced onto the data bus. Not
generating -READY allows external logic to assert -READY., The option for
generating -READY for a 387DX cycle is present in index Reg 2BH <5:4>.
Coprocessor error handiing is not performed within the 82C351. External Jogic
is required to perform this function.

Following is an example of the logic necessary to support the 387DX. This can
be contained in a single programable logic device and contains all of the logic
necessary to interface the 387DX and Weitek 3167 with the exception of the
foliowing, which are performed on other chips:

*  Port FO decode Performed in the 82C356

s 3IR7DXREADY logic Performed in the 82C351

s  WT3167 READY logic Performed by the WT3167 directly

®  WT3167 bus cycle claiming -AF32 signal from the WT3167 1o the 82C351
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The PLD has the following features:

*  Usesa standard speed (35nS) 16L8 PLD .

* Provides the 387DX -BUSY signal, which consists of the 387DX -BUSY,
“Jatched Busy™, and “Toggle busy™

*  Provides IRQ13 from both the 387DX circuit and the WT3167

A al o MOLTTUWVES TELATS o0 — I OISO 2

¢ Provides the 386DX -ERROR signal o indicaie whether the 387D
present at each 386DX reset

*  Provides the PEREQ signal to the 386DX

*  Auto-detection of the 387DX and WT3167; no jurnpers required

»  Allows the 387DX and WT3167 10 be installed at the same time

®  Reduces the number of pull-up and pull-down resistors required by gating
signals off inside the PLD if the respective coprocessor is not present.

-387ERROR and -WTPRES are used by the PLD to determine which

coprocessor is present, and should have 10K pull-up resistors attached. PEREQ,

-387BUSY, and WTINTR do not need resistors, since these inputs are ignored

when the respective coprocessor is not present.

A 1S

Outputs
386PEREQ — If the 387DX is not present, the PEREQ signal is always low,

This nrevents the need fora ml" down resistor, If the 387 DX is npresent,
Pv'mluuvam\llvﬂ.u WS VY AL AWl Ay AL WS LS F ASFSR AD P‘

386PEREQ is the OR of the 387DX PEREQ and a signal which goes active

~following a 387DX error, after the 387DX becomes non-busy. This is required

to clear out an internal flag in the 386DX, and is a result of the non-standard
co-processor hookup for AT compatibles. The “error”™ portion of this signal is
the AND of 387IRQ13 and -387BUSY. When the 387DX error occurs,
387IRQ13 goes active until cleared by the interrupt service routine. -BUSY will
go high several clock cycles after the interrupt goes high.

387PRESENT — This signal is used at various places within the PLD. A
387DX drives -ERROR low when it isRESET, and keeps it low until it is
initialized. If the 387DX is not there, a pull-up keeps 3§7ERROR high. The
PL.D temm is a transparent latch with -ERROR as the data input, and RESET4 as
the gate. When RESET4 (which occurs on a power up reset or RESET button
pash) is active (high), the Iatch is fransparent. The output pin is inverted from
the input, so a 1 indicates the 387DX is present.

-386ERROR — The 386DX samples the -ERROR pin sometime between
coming out of RESET and the first -ADS to determine whether a 387DX is
present. If it is low, the 387DX is assumed present. If it is high, either a 80287
or no coprocessor is present. The 386DX uses this information to determine
whether to use a 16 or 32-bit data bus when communicating with the
coprocessor. In a“‘normal,” 386DX/387DX hook-up, the 387DX -ERROR pin
is attached directly to the 386DX. This is not possible for an AT compatible
system for two reasons:

The 386DX -ERROR signal must be high during copmcessorbpemﬁon since
the AT-compatible scheme uses and reports errors differently.
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The 386DX must be informed of the 387DX presence EVERY time it is reset,
including times when this is done to take it out of protected mode. Note that the
387DX is NOT reset during these rescts, and will not drive -ERROR low.

The circuit drives -386ERROR high at all times except the time from RESET3
(386DX reset) going active until the next -ADS. During this time the inverted
state of 387PRESENT is driven (low if the 387DX is present, high otherwise).
An RS type latch is used inside the PLD for this o occur.

-BLOCKBUSY - This signal is used intemally. It is low from the beginning
of RESET3 until -ADS goes low for the first time. It is used to block busy
during that time, t0 prevent the 386DX from performing a self test when coming
out of protected mode via RESET3. »

=386BUSY — This signal is always high if 2 387DX is not present. It¥salso
forced high by the -BLOCKBUSY signal to prevent unwanted self tests (which
would reduce performance when the 386DX is reset to exit protected mode. X
the 387DX is present, the signal is the OR. of:

0 The387DX BUSY-~signal
‘The “Toggle BUSY™ function
‘The “Laiched BUSY” signal (acmally 387IRQ13)

“TGGGLE BUSY™ ioggics e busy signal periodically when ihe
387DX is not present. This prevents system hangs with certain
software packages that search for the presence of the coprocessor in
“pon-Intel sugpested” ways.

0 “Latched BUSY™ is part of what is required by the AT compatible
coprocessor hook-up. It holds -BUSY active 1o the 386DX during an
error condition, preventing the 386DX from sending a new instruction
to the coprocessor before the error status can be read.

387IRQ13 — This signal is the outpie of a flip-flop whose input is 387BUSY
(inverted -387BUSY) and whose clock is -387ERROR.. The flip-flop is cleared
when RESET4 is active or INTCLR is high {which oceurs during /O writes 1o
port OF0). The output is held low if 387PRESENT is inactive.

IRQ13 -~ This pin is the OR of the 387DX interrupt and the WT3167 interrupt.
The WT3167 busy is blocked off if the WT3167 is not present. The 387DX
interrupt will not occur if the 387DX is not present (it is gated off in the
387IRQ13 term of this PLD).

¢ o O
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Following is a pinout of the PLD and the logic equations necessary to provide

the above features for this example:
I
Table 1-3.  PLD Pinouts and Logic Egquations -~ — &~ =~ -
fnputs Outputs
Pin 1 =387PEREQ Pin 19 = 386PEREQ )
Pin 2 =387 -BUSY Pin 18 =IRQ13 L
Pin3 = -387TERROR Pin 17 = 38TPRESENT
Pin4=-ADS Pin 16 = -386ERROR
Pin 5§ = INTCLR Pin15=FLOP ' i )
Pin 6 = RESET4 _ Pin 14 =387IRQ13 . o
Pin 7 =RESET3 Pin 13= -BLOCKBUSY i .
Pin 8 = REFRESH Pin 12 = 386BUSY _
Pin9 = -WIPRES ~ _
Pin 11 = WTINTR o
Logic Equations
386PEREQ 1387BUSY * IB7TIRQI3 * 387PRESENT
+  3BTPEREQ *38TFRESENT; -
387PRESENT {I387ERROR *RESET4

+ IRESET4* 1387PRESENT
: + _ I337ERROR * 1387PRESENT);
386ERROR RESET3 * 387PRESENT
+ _ 38TPRESENT * JADS * 386ERROR:
BLOCKBUSY RESET3 + 1ADS * BLOCKBSY;

386BUSY 387BUSY * IBLOCKBUSY *
38TPRESENT

+ REFRESH*IBLOCKBUSY *
1387PRESENT

38TIRQI3 * IBLOCKBUSY:

FLOP 1(1387BUSY * I3STERROR

387ERROR * [FLOP

1387BUSY * IFLOP

INTCLR

RESET4);

3%7IROI3 I(IFLOP * 38TERROR

1387ERROR * B3BTIRQ13

HETIRQL3 * IFLOP

INTCLR

RESET4

1387PRESENT:

1RQI3 3ETIRQ13 + WiTNTR * WTPRES;

+

+ 4+ %

+ 4+ ¢+

Note  The*!” character denotes the signal in its inactive state (i.e. !ADS would
indicate -ADS high since -ADS was active low in the input list. The “*"
character indlicates logical AND, while the “+” character indicates logical OR.
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During a Weitek coprocessor cycle, the Weitek coprocessor generates -AF32. If
the Weitek WT3167 coprocessar is addressed and is not present (-AF32 is not
active), then the 82C351 generates -READY to terminate it. When the Weitek
WT3167 is present and is addressed, it generates -AF3Z and -KEADY. The
'WT3167 memory address range is CO000000H to CIFFFFFFH.

1 1“ franha Canaanie
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Cache memory optimizes processor performance and enhances bus bandwidth.
Cache is fast memory where recently used code and data is stored. A cache
system reduces the average memory access time becanse it holds the most ofien
requested code and data. The effectiveness of the cache is determined by its
size, physical organization, cache replacement algorithm, and the behavior of
the program. When a cache satisfies the processor access requirements, the
overhead resulting from accessing the slower main memory is eliminated. The
cache allows the system to operate at the speed of static memories while

maintaining the economic advantages of slower main memory storage.

Cache Size

The cache size is one of the most important parameters in terms of both cost and
performance trade-offs. Cache miss rates reduce asymptotically with the size of
the cache, For example, if the cache size is 32KB, then the performance of
programs that are less than 32KB which fit completely in the cache are not be
significantly effected when the cache size is 64KB. If the program is larger,
then increasing the cache size likely reduces cache misses., '

Cache Organization

The basic characteristic of a cache is the fast access time. Therefore, very little
of no time must be wasted when searching for words in the cache. For
maximuom efficiency, the cache is sub-divided into many smaller biocks of

storage called lines,

Each line has an address associated with it, that must be stored and compared
against the address of the memory request. Addresses are kept as entries (one
per ling) in a directory that establishes the correspondence between the data in

tha rarha and tha nartienlar fracmeant af main mamaory that ic renrscanted
R CaCaS N T particluar araginent Of mamn mMemory oal IS mopristakia,

If the size of the lines are as small as possible, then the cache directory becomes
large since there is a cache directory entry for each line in the cache. Doubling
the size of a cache line, white holding the cache size fixed, reduces the size of
ihe direciory by a facior of iwo because twao items (sub-lines) in ihe same line
share the same directory entry. The transformation of data from main memory
to cache is referred to as the mapping process. Having a large number of
directory entries provides a smaller granularity to the address space. This resulis
in higher performance than larger line sizes. Since external tag directories can
pse 8K by 8 and 16K by 4 SRAMs, it is relatively inexpensive to implement a
targe directory. Single chip cache controllers must sacrafice granularity because
of the limits of the RAM size on the chip.
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Direct-mapped Cache

In a direct-mapped cache every memory location can be stored in one location
in cache. The lower order address presented by the processor (determined by
the depth of the tag directory) is used as an index to select one of the entries in
the tag directory, The higher processor address bits (starting after the lower
order addresses and extending upward 10 a point determined by the width of the
tag) are compared with the contents of the tag directory emrytodewrmme ifi
is a hit or a miss.

Figure 1-10 shows the implementation of a direct-mapped cache. In this
example, the 64X direct-map implementation has tag entries 10-bits wide. To
construct this cache, 64KB of cache memory, 16K X 10-bits wide of cache
directory, and one 10-bit comparator are required. When the processfr presents
the address for the next instruction, address lines A2 thro A15 are used as an
index to select one entry from the cache directory. The vatue contained in the
tag directory is compared with A16 thru A25. If there is a match, then the data
is feiched from the cache. If a miss is defecied, then meua:a:&ﬁoiaxﬁedffﬁm )
main memory.,

Direct Mapped Cache Architecture (64KB)
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Cache Updating
The cache maintains & copy of the most recently used code or data from main

memory, The data in the cache should be identical to the main memory, When

the cache memory is modified, the data in the main memory has to be updated
as well.

In a write-through system, the controller copies the data into memory as well as
the cache. This ensures that the main memory and the cache contain the same
data, The draw back with this type of implementation is that each write cycle is
treated as a write miss cycle, and the CPU has to wait for the slow memory to be
updated.

By using the posted (or buffered) write-through scheme, the wriie operation
penalty can be reduced. During the write operation, data is written into a
temporary buffer. The CPU is released to begin a new cycle before the write
cycle to the main memory is completed. If a write access is followed by a read
hit cycle, the cache access is performed while the main memory is being
updated. However, if a write cycle is followed by another write cycle or a read
miss cycle, the processor has to wait for the completion of the previous cycle.
The posted write through is by far the most popular implementation. The flow
chart for posted write is shown in figure 1-11. The 82C351 supports aone stage
posted write through scheme to update the cache. To enable Posted Writes,
index register 2F bit 1 should be set to 0. Bit 2 of this register determines if
there will or will not be additional wait states inserted between writes.

I
Figure 1-11,  Buffered Write Algorithm
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Cache Coherency

The buffered write through ensures, under normal operations, that the data
present in the cache mirrors the data in the main memory. But in a system
environment, other bus masters and slave DMA devices access main memory
and modify the contents, Cache controllers that have a built in mechanism to
update the corresponding cache contents are said to maintain coherency. Many
schemes are used 10 maintain cache coherency, the easiest being to invalidate
(as in the Intel 82385) or flush the cache during DMA operation. Though
convenient, this degrades the performance, as all subsequent memory accesses
will be misses until the cache is filled with new data. Another method of
maintaining cache coherency is by ensuring all accesses to the main memory go

Prsn sate o

mmugn the cache controiier. This meihod is used in the 82C351.

1.11 Cache Functional Overview

The fimctional overview outlines the cache architecture of the 82C351. The
82C351 performs as an integrated CPU/Cache/DRAM memory controller in a
386DX based system. The 82C351 Cache Controller portion is designedtobe a
cost-effective solution for achieving the full performance of a 386DX based
system. This is accomplished by maintaining the most recently accessed code
and data in high-speed memory (cache memory); such that most memory
requests can be satisfied from this memory. If the data resides in the cache
memory (hit), the data is returned to the CPU, without wait states. If the data is
not present in the cache memory {miss), then it is retrieved from the slower

main memory with wait states.

Daring a write operation, the data is held in a temporary buffer, and the CP{J is
released to start a new cycle before the write cycle to main memory is
compieted. However, if another write cycie or a read miss cycle is performed,
addittional wait states are inserted until the previous cycle is completed.

‘The effectiveness of the cache is determined predominantly by the size and
organization of the cache, the hir and miss access times, and the dynamic
behavior of the program. An efficient cache organization results in a high hit
rate. The majority of the accesses are to cache and are completed without wait
states. Very few accesses are to the main memory. Consequently, the average
access time approaches that of the fast cache memory.

The 82C351 integrates the control logic required to support an external 32KB,
64KB, 128KB or 256KB cache. The direct-mapped cache directory can be 8,9,
or 10-bits wide and maps up to 128MB of memory space (although 256KB
cache with 10 bis wide cache directory should be able to map 256MB of address
space, the 82C351 has a 128MB limif). The amount of memory that is
cacheable is determined by the size of the cache and the width of the cache
directory. As either of these items increase in size, so does the cacheable

memory limit. If for instance the cache directory is 16KB deep, the cache can
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A2 to A15. If the cache directory is 10 bits wide, then the largest cacheable
memory will be specified by address bits A2 to A15 plus A16 to A25 (the 10
cache directory bits). This would allow 64MB of main memory (o be cacheable.
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Any memory not cacheable can still be used but all accesses will be misses and
handled by the DRAM control Iogic.

Tag RAM Testing

Two internal registers are used to read and write the tag data. The lower 8-bits
of the tag are accessed through index 23H, while the upper two bits are accessed
through index register 24H. A memory write to the test window canses the data
in the register to be written to the external tag SRAM. A memory read from the
test window causes the tag data from the SRAM 10 be latched in the register,
which may later be read by the CPU. Consecutive tag locations are read by
accessing every 4th location in the test window, regardiess of whether words or
bytes are read.

Initializing the Tag

To initialize the tag, the cache must be turned on, but READ HITs disabled.
This forces all accesses to be misses, The tags and SRAMs are still written to
for cacheable areas, just as if the cache was fully operating. The processor must
perform a read from all tag locations to fill the cache with good data. It may do
this by reading any block of 256KB of (128KB, 64KB, or 32KB depending on
the cache size) consecutive cacheable memory locations. Once this is done, the
cache READ HITs may be ecnabled and the cache becomes operable, The block
used to initialize the tag must not be made non-cacheable afterward.

Flushing the cache involves performing the initialization sequence over again.
Note, the cache should be off (cr READ HITs disabled) when changing the
memory map {DRAM configuration registers). The cache must be flushed after

changing the registers.

Cache Data RAM Testing

The data RAM is tested using a special testing window. ‘This window is an area
in the memory map below 1 MB, which is the same size as the cache data RAM.
The address of the window is specified by Reg 22H bits <7:3>, which specify
address bits A19-15, respectively. For a 64KB cache, Al5 is not included in the
decode; for 128KB cache, A16 is not used for decode; and for 256KB, Al7 is
not used. Bit 0 of Reg 22H is set to I so -CAS signals for DRAM are mrned off
and the readfwrite are from data RAM. While testing the data RAM, only the
test window should be made cacheabie by setting bit 2 of Reg 22H = 1. This
feature allows the code to remain in the DRAM and thus the program would not
crash during testing. .

Physical Address Field Assignment

The 386DX supports 32 address bits (30 address bits and four byte enables).
Whiie the 82C351 monitors all 30 bits, it supports a maximum of 128MB of
physical memory (A0 thru A26).
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Table 1-4 identifies the Tag assignments. ‘The CPU address assignment of Tag
bits 2-8 is fixed. However, Tag bits 0, 1, and 9 change as different chache sizes

are selected.

|

Table 1-4.  Tag Assignmenis _
Cache CPU Address Bits
Sizt  a27 A2 A5 A2 A28 A22 A21 A2 AR A8 AT A6 At5
32K Tag8 Tag? Tagh Tag5 Tagd Tag3d Tag2 Tagl Tag0d Tagd
64K Teg9 Tag8 Tag7 Tagh Tag5 Tag4 Tag3 Tag2 Tagl Tag0
128K Tag0 Tag9 Tag8 Tag7 Tagé Tag5 Tagd Tag3d Tag2 Tagl *

256K Tagl TagO Teg9 Tag8 Tag7 Tagé Tag5 Tagd Tag3 Tag2

‘Table 1-5 shows which Tag bits from the 82C351 should be connected to the
Tag SRAM for each combination of cache size and Tag width. Any unused
82351 Tag pins should be pulled up with a 10K resistor to Vee.

[
Table 1-5.  Physical Tag RAM Connections
82C351 Tag Bits
to Connect
32KB Cache
8-bit 06,9 .
9.t 0-7,9 _
10-bit all
64KB Cacho
£-bit 0-7
9-bit 0-8 . . -
10-bit all
128KB Cache
B-bit . 1-8
9-hit 1-9
10-bit alt _
256KB Cache
8-bit 29
9-hit 0,29
10-bit all

1.12 Cache Operation

This section ilfustrates the different cache cycles:

Read hit cycle Data available in the cache

Read miss cycle Data is not available in the cache

Write hit/miss cycle Both main and cache memory are updated
DMA cycle Cache updated for write hit cycles only

CHIPS and Tachnologies, Inc. PRELIMINARY 3
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Read Hit Operation

‘When a physical address is presented to the 82C351, it uses the line index field
(A2 thra A5 for a 64KB cache) 1o select a ling from the cache directory which
is stored in the TAG RAM. The TAG stored in this location is compared
against the processor’s upper address lines. If there is a valid comparison
indicating a cache hit, the processor is returned -READY. Once the processor
recognizes ready assertion it completes the read cycle of the address location in
cache memory.

Read Miss Operation

‘When a cache read miss occurs (ihe requesied data is 0ot in the cache memay)
the main memary (DRAM) provides the data 1o the CPU, and the cache RAM
simultanepusty. The data provided (o the cache memory at that address location
is updated to the new value of the data, and at the same time, the address
nrovided by the CPU is written into the TAG RAM to indicate that this address

lIocation is now valid for cache accesses,

Write Hit Operation

‘When the CPU initiates a write cycle, 2 DRAM cycle also started immediately;
independent of cache hit or miss result. If a cache hit happens in a write cycle,
that is the corresponding data location in DRAM is also in cache memory, both
DRAM and cache memory are updated simultancously. Therefore, SRAM and
DRAM write cycle are initiated at the same time. SRAM cycles are much faster
than DRAM cycles and additional wait states are required to complete the
DRAM cycles. Instead of having the CPU wait for the completion of the
DRAM cycle, a register between CPU and the main memory temporarily holds

tha Aetn FreTAD AR on tha weanssnar mam Anniamnive
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If a cache miss occurs in a write cycle, no cache write operation occurs; only
data in the main memory is updated.

If any of the cycles, immediately following the first write cycle, requires another
DRAM access while the main memory is still busy with the first write cycle,
then additional wait states are asserted yntil the DRAM has completed the
previous operation. Figure 1-12 shows the timing diagram for write cycle
followed by another write cycle.
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Figure 1-12.  Back to Back Writes Early RAS, Four Wait States
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1.13 DMA Operation

For local memory read cycles initiated by DMA or other masters on the bus,
regardless of cache hit or miss, cache is not accessed. All memory read cycles
are directed to main memory and the data buffer (82C355) receives data from
the D bus, drives the MD, and routes the data to the SD bus via data buffers.

For a local memory write cycle, the 82C355 buffer's direction is from SD bus
toward MD and D busses. A cache miss cavses the data to be written into the
DRAM only and a cache hit writes the data into the DRAM and SRAM 10
maintain coherency.

Non-Cacheable Regions

The 82C351 provides non-cacheable registers REG30 thra REG39 to allow the
system designer to set aside up to 4 blocks of variable size of main memory as
non-cacheable. This non-cacheable area is required by the system as some
memory areas should not be cached. Some cache controllers achieve this by
externally decoding the memeory address which is to be noncached. This
requires an external fast PL.D; and also, once the PLD is programmed the
non-cacheable area is fixed. In 82C351 index registers are provided to make
any memory non-cacheable without using an external device. The index
registers 30H thru 39H are used for programming the starting address of
non-cacheable arcas and their size. The non-cacheable regions may range from
4KB 10 4MB in size.

1.14 Index Registers

Since there are a great number of configuration and diagnostics registers in the
PEAK/DM CHIPSet, an indexing scheme is nsed to redace the number of 1/O
addresses required to configure the system. The system control logic generates
-XDEN to access the configuration and diagnostics registers. -XDEN is issued
for J/O accesses at 22H, 23H, and $2H. For the 82C351, it directs the XD<(:7>
lines to the MA<(;7> address lines with an external buffer. Located at 22H and
23H are the index and data registers, respectively. The index register selects an
internal register, while the data register is used to read or write information to
the selected internal register. The index and data registers for the PEAK/DM
are accessed as follows:

1. Write the address of the index register to be accessed to port 22H.
2. Toread the valoe of the index register read 170 port 23.
3, To write data to the index register write to I/O port 23.

Every time an index register is accessed, port 22H should be written. For
exampie, if index register 20H is read (by writing to port 22H and reading port
23H), then to write to index register 20H, port 22H should be rewritten with
20H before writing to port 23H. Port 92H can be accessed directly without
using indexing.
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B 351 Configuration Registers

Configuration Registers

Index Registers

Index Registers accesses are through J/O ports 22 and 23. Ttﬁspati?acﬁve
only if index 2B bit6isa 1.

Please note that vzloes identified in parentheses { ) signify the defaiut vaiue.
Setting values to other than the specified designation may cause system

malfunction,
Revision Registers (READ ONLY)
ndex Bits Values and Functions
04 74 (0000): Undefined
30 Revision Level

AT Bus Command Delays (READ/WRITE)

Index

Valuas and Functions

T osH

(00): Reserved

F Ny o WL P T R ——— . i Py}
Al LS LD Vli IHCIITY GATILLLIRIIE UC1ay

00: 0 BCLK delay
01 : } BCLK delay

10:2 BCLK delay
11:3 BCLK deley

a2

AT bus § bit memory command delay

D0:0BCLE delay
01:1BCLK delay_

10:2 BCLK delay
11:3 BCLK delsy

Ipalh.
&

AT bes /0 command delay

00 : 0 BCLK delay

01:1 BCLK delay
10:2 BCLK delay

PRELIMINARY
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]
Index 06H AT Bus Wait States (READ/WRITE)
Index Bits Values and Functions
O6H 7:6 ___(00): Reserved _
5:4 16-bit AT bus wait stateg

00 : 3 BUSCLK wait states
01 : 2 BUSCLK wait siates
10: 1 BUSCLK wait states
11 : 0 BUSCLX wait states
32 8-bit AT bus wait states
00 : 5 BUSCLK wait states
01 : 4 BUSCLK wait siates
10 : 3 BUSCLK wail states
11 : 2 BUSCLK wait states

1 AT bus address hold 1ime. (This festure is vsod if an AT card
requires extra address time for reliable operation. When enabled,
the next cycle iz delayed by one T state which leaves the address
valid for this extra time.)

0 : Disable extrx address hold time on AT bus
1 : Enable extra address hald time on AT bus

[ Reserved
E——
index 07H AT Clock Source Select (READIWRITE}
Index Bits Values and Functions
U7H 73 (00000): Reserved
2:0 Bus dock Source Seleet (BCLK). The actnal BUSCLK output
hrl}ddmeBCLKsoumeselect ). The "
000 : CLK2IN/S
001 : CLE2IN/4
010 : CLXZINS3
011 : CLKZINR
100 : ATCLE
b
Index 08H  Initial Memory CPU Speed {(READIWRITE)
index Bits Values and Functions
O8H 73 ) 00000): Reserved
2 -A¥32 sssertion control
) : Docs oot generate -AFS2 for addroises sbove 16MB,

Shouldo;lé used if extemnal logic can recognize addresses
above I6MB,

1 : Generstes -AF32 for addresses above 16MB, Unless real
physical memory is installed for that address range, no memory
cycle starts and no -READY is given 1o the CFUBI:

1 Initial memory

(0} : Onty 512K memory enabled. Registers 0C-OF arc ignored.
Rggin:r)é;\cmdm ect the botom 512K.

1 : Registers 0C-OF can enabie the memory above 512K
0 CPUCLK (CPU Clock) select
{0} : Selects CLX2IN

1 : Selects AT control Iogic clock (BCLK)
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A
Index09H  Low Boot Space RAM/IROM (READ/WRITE)

Bits 7 1o 4 write protect RAM located in the BIOS area in 64KB blocks. Bits 3
to 0 enable the substitution of the BIOS ROM located below 1MB with RAM at
the same location in 64KB blocks. This should be done afier BIOS code is
copied from the ROM and the RAM locations have been protected using bits 7
to 4. Make sure registers 0C-0F are enabled if RAM accesses are required,

Index Bits Values and Functions

09H 7 64K B RAM a1 768K O0000-CFFFFH (VIDEO)
{0) : 64KB of RAM at 768K is read/write
1 :64KB of RAM a 768K is read only
6 64KB RAM at 832K DOOOQ-DFFFFH .
(0) : 64KB of RAM at 832K is read/write
1:64KB of RAM at 832K is read only
5 G64KB RAM at 396K EOOOG-EFEFFH
(0) : 64KB of RAM a1 896K is read/write
1 : 64KB of RAM at 896K iz read only
4 64KB RAM at 960K FOO00-FFFFFH (SYSTEM)
(0) : 64KB of RAM at 960K is read/write
1:64KB of RAM xt 560K is read only
3 64KB ROM at 768K CO000-CFEFFH (VIDEQ)
(0) : 64KB of ROM at 768K is disabled
1 : 64KB of ROM at 768K is enxbled
2 64K ROM st $32K DOOOO-DEFFFH
{0) : 64K B of ROM at 832K iz disabled
1 : 4KB of ROM a2t 832K is enabled
1 64KB ROM at 396K EOODO-EFFFFH
(0) : 64K B of ROM at 896K is dizabled
1: 64KB of ROM a1 836K is enabled
0 64KB ROM at 960K POO0O0-FFEFFH (SYSTEM)

{Q} P KAV D nf’Pﬁ_.\l ar QANL e Aioahlad

A L BWALIAVA 3 Jinrra 45 GlSECath

1 : 64KB of ROM 21 960K iz ensbled

index OCH  Memory Enable Map 080000-09FFFFH (READ/WRITE)

Bit 0 enables the lowest and bit 7 the highest 16K block in the memory area
080000 to 09FFFFH. For Example, bit 0 controls the 16K block from 512K to
528K. ‘This permits 16K blocks of memory to be disabled aliowing ROMs,
memory expansion schemes (EMS, EEMS or XMA) or memary mapped [/O

Aantmn et st da ettt sha laecne TRATY oA vy
QSVICES 1D TOSI0C WILIN 036 10WET 1)Vi0 GGGICsS Space,

Index Bits Values and Functions
OCH 70 Enabie bits for eipht 16K blocks of memory.
0: Addressis on

(1) : Address it on the IO channel: 16K block disabled.

|
index0ODH  Memory Enable Map 0AG000-0BFFFFH (READIWRITE)

index Bits - Values and Functions

O0DH 70 Enable bite for eight 16K blocks of memory.
0 ”I:Ic:lm‘ is on or controlled by the systein board: 16K block
ensbled.

(1) : Address is on the IO channel; 16K Hock disabled.
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I

index DEH  Memory enable Map 0CO0D0-0DFFFFH (READ/WRITE)
index Bits Valuss and Functions -
QEH 70 Enable bits for eight 16K blocks of memory.

Q : Address is on or controlied by the sysiem board: 16K block
ensbled.

(1) : Address is an the JAD channel; 16K Block ditabled.

|

index 0FH  Memory enable Map OEGOOC-OF FFFFH (READIWRITE)
Index Bits Valuos and Functions
OFH 70 Enable bits for eight 16K blocks of mamory.

0 : Address is on or controlled by the system board: 16K block
enabled.

(1) : Address is on the 10 channel; 16K block dissbled.

T

Index 10H  Block O Type and Starting Address (READ/WRITE)
Index Bits Values and Functions
10H 76 DRAM type in Banks 0/1

00 : Bank(/1 disabled
(01) : 256Kx1 or 256Kx4 DRAMs
10: 1Mx1 or IMx4 DRAMs
. 11 :4Mx1 or 4Mx4d DRAMs
5:0 {D00000): Starting address for Block 0 <A26:A21>.
256K unage A<26:21> 2MB perpair of banks)
IM usage A<26:23>(8MB per pair of banks)

- 4M psage  A<26:25>(32MB perpair of banks)
I
indox 11H  Block O RAM timing (READ/WRITE)
index Bits Values and Functions
11H 7:6 DRAM wall siates

00 : 3 wait states
01 - 4 wait states
(10) : 5 wait states

11 :Reserved
s {0) : Reserved - write 0
4:3 RAS<( 1> nracharse time

00 : 4 CPUCLEKIN &ycles
01 : 6 CPUCLKIN cycles
10 : 8 CPUCLKIN cycles
(11) : 8 CPUCLKIN cycles

2:1 -RAS<0:1> Refresh pulse width
00 : 4 CPUCLKTIN cycles
01 : 5§ CPUCLKIN cycles
10: 6 CPUCLKIN eyeles
(11} : 7 CPUCLKIN cycles

e 1

N e Domemad
\Uj S RESCIVED ~ WIE W

o
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[

index 12H  Block I Type and Starting Address (READ/WRITE)
index Bits VYalues and Functions
128 76 DRAM type in Banks 2/3

00 : Bank 2/3 disabled

{01) : 256Kx1 or 256Kx4 DRAMs

10: 1Mx] or IMx4 DRAM;g

11 : 4Mix1 or 4Mx4 DRAMs

50 {000000): Starting address for Block 1

256K unage A<26:21>(2MB per pair of banks)
IM mage  A<26:23> (BMB per pair of banks)
4M usage  A<26:25> (32MB per pair of bank}

|

Index 13H  Block 1 RAM Timing (READIWRITE)
Index Blts Values and Functions
135 76 DRAM wait states

00 : 3 wait states

01 : 4 wail states
(10) : § wait states

11 : Reserved
5 (0) : Reserved - write 0
43 -RAS<2:3> precharge time

00 : 4 CPUCLKIN cycles
01 : 6 CPUCLKIN cycles

10 : 8 CPUCLKIN cycles

(11) : 8 CPUCLKIN cycles

2:1 -RAS<2:3> Refresh pulse width

00 : 4 CPUCLKIN cycles
01 : $ CPUCLKIN cycles

10: 6 CPUCLKIN cycles

(11) : 7 CPUCLKIN cycles

0 {0} : Reserved - write 0

Index 14H  Block 2 Type and Starting Address (READ/WRITE)

Indox Bits Values and Functions
148 76 DRAM type in Banks 4/5

00 : Benk 4/5 disabled
(01} : 256Kx1 or 256Kx4 DRAMs
10: 1Mx1 or IMx4 DRAMs
11 : 4Mx1 or 4Vix4 DRAMs
50 {0000): Starting address for Block 2
256K usnage A<26:21> (2MB per pair of banks)

-1Musage  A<26:23> (EMR per pair of banks)
AMusage  A<26:25> (32MR perpair of bank)
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Index 15H  Block 2 RAM Timing (READIWRITE)

indaex Bits

Vaiues and Functions

1SH 7:6

DRAM wait states

00 : 3 wait staies

01 : 4 wait states

{10} : 5 wait states

LK I - J
41 « INCSTI YO

{0} : Reserved - write 0

43

-RAS<4:5> precharpe ime

00 : 4§ CPUCLKIN cyclex

01 : 6 CPUCLXIN cycles

10 : § CPUCLEIN CYCICE

{11) : 8 CPUCLKIN cycles

-RAS<4:5> Refrech pulye width

00 : 4 CPUCLKIN cycles

01 : 5§ CPUCLKIN cycles

10 : 6 CPUCLKIN cycies

(11) : 7 CPUCLKIN cycles

(@) : Reserved - write O

o NPT fr

ype and Starting Address (READ/WRITE}

Valuas and Functions

DRAM type in Banks 6/7

00 : Bank 6/7 disabled

(01) : 256Kx1 or 256Kx4 DRAM;

10:1Mx1 or \Mx4 DRAMg

11 : 4Mix] or 4Mx4 DRAMs

50

{000000); Starting address for Block 3

256K u:agé

A<26:21> (ZMB per pair of banks)

1M usage

A<26:23> (8MB per pair of banks)

4M usage

A<2625> (32MB per pair of bank)

Index 17H  Block 3 RAM Timing (READIWRITE)

index Bits

Values and Functions

178 76

DRAM wait states

00 : 3 wait states

0] : 4 wail states

{10) : § wait states

11 : Reserved

(0) : Reserved - write 0

43

-RAS<6:7> precharge time

00 ; 4 CPTICTKIN eveles

01 : 6 CPUCLKIN cycles

10 : 8 CPUCLKIN cycles

(11) : 8 CPUCLKIN eyeles

2:1

RAS<E: 7> Refenh pulse width

00 : 4 CPUCLKIN cycles
PUCL

01 : 5 CPUCLKIN cycles

10'; 6 CPUCLKIN cycles

(11) : TCPUCLKIN cycles

(0} : Reserved - write 0
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L]
index 18H  Number of Populated Banks withir a Block (READ/WRITE)
Index Bits Values and Functions
18H T4 {0000): Reserved
3 Block 3 (Bank 6/7)

{0) : Bank 6 populated onty

1 : Banks 6 and Bank 7 popilated
2 Block 2 (Bank 4/5)

{0} : Bank 4 populated only

1 : Banks 4 and Bank 5 populated

1 Block 1 (Bank 2/3)
{0) : Bark 2 populated only [
1 : Banks 2 and Bank 3 populated

0 Block 0 (Bank (/1)

{) : Bank 0 populated only
1 ; Banks 0 and Bank 1 populated

[ |

Index 20H  Cache Control (READ/WRITE)
Index Bits Values and Functions
20H 7 Cache enable bit

£0) : cache is disabled
1: cache js enabled
6 Force Resd miss cycle. This bnnusad for initializin, gthc data

mand den OTFARL. LVl lacen mae wa ¥ o ___ a_ ABE b o
muiagax\nms VWiRnSE W0 1 mtcc:uﬁlmloum DU

the tag and data SRAMs are n1ill updated for cacheable sreas ax if
the cache is fully operating. Any black of 256KB (or size of the
cache) consecutive Jocations are then read, followed by setting
thiz bit 10 0. The 256KB block used lonun:hz:lh:ugmmnot
be made non-cacheable afterward.

(0) : No forced read mizs eycle (normal operation).
1 : Foread yead miss cycle enabled,

5 Freeze cache directory
(0) : Normal operation

1 : Freeze cache directory. Aachcmdmmm!lnctmseaug
) RAMugd'fxf‘u_\r_jdnmgeofdanm&leachedmRAM. Innead

anormai DRAM read operaiion will be performed. A cache
write hit will update the cache dats RAM.

4 (0):Reserved
3 Refresh type selection
(0) : Hidden refresh

1 ¢ AT Crula wafrash

L R ¥ %) wryas Feaiean

2:0 {000): Reserved
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I
Index21H  Cache Size (READ/WRITE)

Index Bits Values and Functions

21H 76 {00): Reserved
) {03: Reserved - write 0

5:4 Cache size
{00) : 32K bytes
01 : 64K bytes
10 : 128K bytes
11 : 256K bytes

3 {0): Rescrved

21 Address Tag Width. These bits define the pomber of bits in an
address tag. The tag RAM can be B to 10 hits wide.

(00) : B bit1ag
01 : 9bittag
10: 10bittag
11 : Reserved
0 {0): Reserved - write 0

I
Index22H  Cache and Tag Test (READ/WRITE)

The Cache data and tag RAM can be tested using a test window. The address of
the test window is specified by bits <7:3> which corresponds to address lines
A16-A15 (below IMB). When bit 0 is set to 1 the access to DRAM is cut off

- for the test window. Reads and writes can then be performed on the data RAM

alone.
index Bits Values and Functions
22H 73 Address A19-A15 for test window {for 64K cache the eddress
Al5is not nsed.
2 “Test window cacheable. The test window can be made eacheable

and the rest of the memory non-cacheable by setting this bit to 1.
Setting this bit to 0 makes all the memory cacheable,

D) : Disable test window
1 : Enable test window
1 Tag RAM test mode
{0} : Dizabled
1 : Enabled
[}] Cache dats RAM 125t mode.
{0) : Dizabled
1 ;: Enabled

| .
Index23H  Tag <0:7>Test Data Port Register (READ/WRITE)

index Bits Values and Functions

23H 70 ‘When tag teet mode is enabled (bit 1 of reg 22 = 1) the data can
be written to tag RAM through this register. Writes 1o the tent
window causes the value in this register to be iy written into the
l:_}bmd':(b. Reads from the test window canses the tag bits
0> 10 be written into this register,
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T
Index 24H  Tag <8:9> Test Data Port Register (READ/WRITE)
index Bits Values and Functions
24H This register is similar to index register 23H, and is used asa

data port for testing the tag window. Bits <9:8>are read or
writien through this register.

72 (00000D): Reserved
10 Correspond io iag bits §:8
I ,
Index 26H  Ready Timeout Control (READ/WRITE)
Index Bits Values and Functions
26H ‘This register controls the Ready Timeout option. If any device

accessed by the CPU does not respond with -] R.EADYmdun 128
clock cycles, the 82C351 AT control logic will generate

-READY niself,

73 Reserved (See Volume IV: 820356 Peripheral Controller,
Sortion 2: 358 f"nm"aurnhm Poarefpre\

2 READY Timeout

0) : -READY Timeout disabled
1:-READY Timneout ensbled

10 (00): Reserved (See Volume 1V: 82C356 Penpheral Cau:roller.
Section2: 356 Configuration Registers)

| _

index28H  Parity Error Status Register (READ/WRITE)
index Bits Values and Functions
?,SH i 7 Parity check enable

(0) : Pasity check enabled (-PEN is low)
1 : Parity is disabled (-PEN is high)

T

6:3 {0000): Reserved .

2:0 Error address bits A<26:24>. When a local parity error occars the
&dres: A<26:24> gre latched into bits <2:05>, e bits are read
onty:.

I
index29H  Farity error Address Register (READ ONLY)

‘When a local memory parity error occurs, A<23:16> are Iatched into this

register,
Index Bits Values and Functions
29 70 Parity erroraddress A<23:16>
I
Index 2AH  Memory Enable Map 0-07FFFFH (READ/WRITE)
Indax Bits Values and Functions
2AH 7:1 {0000000): Reserved
0 512K local memory ensble

{0} : Disable 512K on local memory
1 : Enable 512K on local memory
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|
index 2BH  Miscellancous Control (READ/WRITE)

index Bits Values and Functions
2BH 7 (0): Reserved
- : : 6 Enable port 92H
{0) : Disable port 92H i
1 : Ensble port 22H
54 Ready generation for 387 DX cycles

(00) : 82C351 generates ready after 1 wait siate
01 : 82C35! roms AT cycle for all NPX cycles
_10: 82C351 does not gencrate ready at all
11 : Reserved
3 Weitek Present bit (READ ONLY)
1 : Weitek coprocessor present
(0) : Weilek coprocesior not present

2:0 {000) : Reserved
[ |
Index 2CH  Middle Boo: Space RAMIROM Configuration (READIWRITE)
index Bits Values and Functions
2CH 7 Type of 64KB RAM at DFCO000H

(0) : 64KB of RAM at ORCO0D00H is R/W
1 : 64KB of RAM ar OFCO000H Is read only
6 Type of 64KB RAM st 0FDO000H
- - . (0} : 64KB of RAM at OFDOODOH is RIW
1 : 64KB of RAM at OFDO0OOH it read only
5 Type of 64KB RAM at OFEO000H
(0) : 64KB of RAM at OFEOO00H is R/W
1 ; 64KB of RAM at OFEO000H is read only
4 Type of 64KB RAM at OFFO0O0H
(0) : 64KB of RAM at OFFO000H is R/W
- 1 : 64KB of RAM at OFFOO00H is read only
3 _Enable 64KB RAM at OFCO000H
{0) : 64KB of ROM at OPCOO00H is disabled
1 : 64K8 of ROM at ORCO000H iz enabled
2 Enable 64KB RAM 2t OFDOCOOH
{0) : 64KB of ROM at OFDODOOH it dizabled
1 : 64K B of ROM at OFDOOOCH is enabled
1 Enable 64KB RAM a1 GFE0000H
{0) : 64KB of ROM at OFEDOOCH it disabled
1 64KB of ROM at OFEQODOH is enabled
0 Enable 64KB RAM a1 (FFO000H
0 : 64KB of ROM at OFFDOO0H is dissbled
(1} : 64KB of ROM at OFFO00CH is enabled
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Index2FH  DRAM Timing Control (READ/WRITE)

]
Indox 30H

L |
index 31H

Index Bits Values and Functions
2FH 7:4 (0) : Reserved
3 -RAS mode for DRAM cycles. This controls the liming for the

generation of -RAS (and -CAS). When ea% RAS is sclected,
-RAS is asserted in the middle of the firxt T2 state. -CAS is
asseried at the end of the second T2 state. When late -RAS is
selected, -RAS is asserted at the end of the first T2 staie and
~CAS ir sszerted in the middle of the thivd T2 state.

2 Posted write wait states. This ifies the number of wait nates

for posted CPU write cycles. aYosl.cd write is already 1n
progress wait states are added until the current cycle is finished.

0 : zero wait slate posted writes
(1) : one wait state posted wriles
1 Posizd DRAM write enable
0 : Enable posted writes
(1) : Disable posted writes
0 Reserved
Non-cacheable blocks: The 82C351 provides programmable registers for
defining an area of memory as non-cacheable. For example, the BIOS ROM
area needs to be non-cached. Four such arcas can be declared noncacheable,
The index registers 30H to 39H are used to set the starting address and the
amount of memory to be non-cached. Block 0 1o block 3 are the four
non-cacheable blocks. Each block has three registers which define the starting
address and the amount of memory. For example, block O has register 30H,
31H and 38H. The register 31H contains the non-cacheable size. The
non-cacheable size can vary from 4K to 4MB.

Block 0 Non-Cacheable Address A23 1o A16 (READ/WRITE)

index Bits Valuas and Functions
30H 7:0 __ (00000000): Block 0 Non-Cacheable address A23 10 A16

Block 0 Non-Cacheable Address A15 to AI2 and Size (READ/WRITE)

Index Bits Vaiues and Functions

31H 7:4 (0000): Block ONm-Cnchcnbie address AlSto Al2
3:0 Non-Cachesble Size
{0000) : Disabled
0001 :4KB
" 00i0:8KB

00]1:16KB
0100: 2 KB

0101 : 64 KB
0110 128 KB
0111 : 256 KB
1000 : S12 KB
1001 :{ MB

1010:2 MB
1011 : 4 MB

I
index32H  Block 1 Non-Cacheable Address A23 to A16 (READ/WRITE)

CHIPS and Technologies, inc,

index Bits Values and Functions
32H 7:0 (00000000): Block 1 Non-Cachesble address A23 10 A16
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T
Index 33H  Block I Non-Cacheable Address ALS to Al2 and Size (READ/WRITE)

index Bits Vi&iues and Functions

33H 74 (O000): Block 1 Non-Cacheable address AIS10 A12
3:0 Non-Cacheable Size -

{0000) : Disabled

0001:4KB

0010:8 KB

0011 : 16 KB

010¢:32 KB

0101 : 64 KB

0110 128 KB

0111:256 KB -

1000: 512 KB

1001 :1 MB

1010: 2 MB

1011 :4MB

T
Index34H  Block 2 Non-Cacheable Address A23 to AI6 (READI/WRITE}

oo e _a b

index Biis Vaiues and Funciions

340 7:0 Block 2 Non-Cacheable address A23 10 A16

I
Index35H  Block 2 Non-Cacheable Address AIS 1 Al2 and Size (READ/WRITE)

index Bits Values and Functions

35H 74 (000): Block 2 Non-Cachesble sddress A1S 10 A12

320 Non-Cacheabile Size

(0000)  Disabled

0001 : 4 KB

010:8 KB

DO1i:16EB

0100:32KB

0101 : 64 KB

D110:128KB

0111 : 256 KB

1000 ; 512 KB

1001 -1 MR

1010:2MB

1011 : 4 MB

T .
index 36H  Block 3 Non-Cacheable Address A23 to Al6 (READ/WRITE)

index Bits Values and Functions

364 70 £00000000): Block 3 Non-Cachesble address A23 10 A16
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index 37H  Block 3 Non-Cacheable Address A15 10 Al2 and Size (READ/WRITE)

[ |
Index 38H

Index 39H

I
Index 60H

Index

Bits

Values and Functions

3TH

T4

{0000): Block 3 Non-Cacheable address A1510 A12

30

Non-Cachesble Size

(0000) : Dizabled

0001 : 4 KB

0010: 8KB

0011: 16 KB

0100:32 KB

0101 ;: 64 KB

0110:128KB .

0111:256KB

1000 ;512 KB

1001 : I MB

10i0:2MB -

1011 : 4 MB

Non-cacheable Address A26 to A24 (READ/WRITE)

Index Bits Values and Functions

38H 7:6 {00): Reserved
53 {000): Block 1 Non-Cacheable address A26 10 A24
2:0 {000): Block 0 Non-Cacheable address A26 10 A24

Non-Cacheable Address A26 to A24 (READ/WRITE)

Index Bits Values and Functions
35H 7:6 {00): Reserved - - B . c—
5:3 {000): Block 2 Non-Cacheable address A26 10 A24
2:0 (000): Block 3 Non-Cacheable address A26 10 A24
Fast Reset Control Register
Index Bits Values and Functions
60H 7:6 (00): Reserved _ _
5 (O): Alternare CPU react. A Jow o high transition activates a
CPU reset (RESET3).
4:0 {00000); Reserved - -

PRELIMINARY
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2.2 I/O Port Registers

I
YO Port $2H Fuast GATEA20D and RESET Register

Bits Values and Functions

32H 12 Regerved

1 Taes MIATTT AAN
r 3 L @5L WM L D)

0 : Force CPUA20 fow

(1) : Enable CFUA20

0 Fast CPU reset

{0): A Do 1 rantition canses a CPU reset

Note  This port is used by OS/2 and is disabled by writing a 0 to register 2BH bit 6.
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Section 3

W 351 Pin Descrfptloris ”

351 Pin Descriptions

3.1 Pin Assignments
|
Table 3-1.  Clocks

Pin# Symbol Type Signal Description

CLE2IN 125 Input  Input from CMOS oscillator.

CPUCLK 124 Outpu of processor clock select logic. 12mA drive capebility.

CPUCLXIN 123 Input Processor clock input. This is used by the CPU, cache, and DRAM
control logic (everything that uses CPUCLKIN except the clock
select logic). This is the same clock the CPU receives. If the intemal
clock select logic is used, this iy connected 1o the CPUCLK pin of
this chip. If the internal clock select logic is bypassed, this is
connected to the oscillator, or whatever is the CPU clock source .
This requires a CMOS level clock.

-SCLK 126 Oupwe  CPUCLKIN/2. High during phasc 1, low during phasc 2 (proper
phase for the 486). The 351 arbitmarily sclects the phase of SCLK,
and uses that phase to generate RESET3 and RESETY, eic. 4mA
drive capebility.

ATCLKIN 82 Inpmt  Extemal oscillator inpue for the AT docke. Inpat should be twice the
frequency of the AT clock.

BUSCLK KL Output AT bus clock. May be derived from CL¥ZIN or ATCLKIN signais.
Freguency between 6 and 8.33MHz is recommended. 4mA drive
capability. _ _

|
Table 3-2.  Resets

Pin# Symbol  Type Signal Description

-RESET1 57 Input RESET] it an active low (schmitt trigpered) input which is generated
by POWERGOOD for a oold resct. It should be used 10 reset the
keyboard controller. When low, it activates RESET3 and RESET4.
RESET! is Iatched internally.

-RESET2 58 Inpat RESET2is genenated from the keyboard controller. It forces a CPU
resel by activating RESET3.

RESET3 2 Outpot  RESET3 is an aetive high signal which is used to reset the 386DX
whenever -RESET1 or -RESETZ is active, It is also activaied during
a CPU shutdown cycle. RESETS remains active for at least 64
CPUCLKIN cycles. BmA drive capability.

RESET4 3 Outpot RESETY is an active high signal nsed 10 reset the Integrated
Peripheral Controlier (IPC) and the AT bus. 8mA drive capability.

CHIPS and Technologies, Inc. PRELIMINARY ) . R -



8 351 Pin Descriptions

Table 3-3.  Arbitration

Pin #

Symbol

Type

Signal Dascripticn

HOLD

137

Outpart

HOLD request is xn active kigh output to the 386DX HOLD pin.
HOLD iz used to request 1o the TP to relinquith the use of the bas
to ancther master (HRQ1, HRQ2 or REFREQ). 4mA drive
capability.

141

Inpat

HLDA is sn active high mpot from the 386DX HLDA pin. When
high. HL.DA indieates that the CPU has relingnished the bus in
responss to an sctive high HOLD signal.

T4

HOLD REQUEST 1 is an active high signal and iz vsed 1o indicate
that & DMA/Master is requesting the use of the bus. Foran AT
compatible architecture, HRQ1 should be connected 1o the hold
request signal HRO, from the 82C356.

LIMAT T A4 AT AIAILT BTV D .._ -
DINLLY MDDV TY LLLAJIL I- Il E ] lmv:nlgn wr.pu

82355 and 82C356 and indicates that the CPU has l'chnthed
control of the sysiern buses in response 1o HRQ1 (DMAS MASTER).
2mA drive capability.

HRQ2

136

HOLD REQUEST 2 is an active high signal that indicates 3
DMAJMmﬂ'nmqtmngthc:ymbuws ‘This pin most be tied o
ground if not used.

35

HOLD ACKNOWLEDGE 2 is an active high output signal 1o the
82C1355 and 82C356 that indicates the CPU har relingnished control
of the system buses in response 0 HRQZ (LOCAL MASTER). 2mA
drive capability.

L]

Input

Address enable for §-bit DMA transfers it an active low input tignal
from one of the two DMA controllers. When active, -AENS enables
the address laiches for 8-bit DMA transfers. It is inactive when xn
extermal bus master is active,

-AEN16

Address enable for 16-bit DMA transfers is an active low input signal
from cne of the twe DMA controllers. When active, -AEN16 enables
the address Tatches for 16-bit DMA transfers. 1tis nactive when an
extemal bus master ix active.

Input

MASTER is an active low inpat signal from an active device on the
T/O charnel (AT expansion bas). After -MASTER is forced Iow by
an IO device, the IO CPU must wait for cne system clock pericd
before driving its address and data lines. -MASTER must not be held

low for more than 18 micrmesrnnde ae this mav retult in mm.m\.wjrt#"
duoe to the 1ack of 2 refresh eycle.

REFREQ

Refresh Request is an active kigh input signal gencraied from QUTI
of the §2C356 (by the 8254 competible timer-1 inside the 82C356).
When active, REFREQ) initiates 2 DRAM refresh sequence.

149

Output

REFRFSHuueuvelowopmdnmhdm:ln;mL Az a input,
-REF can be used 1o force a refresh cycle from an O master device.
As an outpat, -REF initiater & yefresh cycle for the DRAMs. -REF
fequires an extermnal pull-up of at least 680 obms. 18mA drive

capability.
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Table 3-4, CPU Control

W 351 Pin Dascriptions

Pin #

Symboi

Type

algnal Description

-ADS

138

ADDRESS STROBE is an active low input from the 386DX -ADS
pin. ~ADS indicates valid bus cycle definitions (ie. W/-R, Df-C,
M/JO and -BE<0:3> and addresses (A2 10 A31). A 10K pull-up
resistor is recommended oa this pin.

WI-R

139

it

WRITE/READ statis is & bi-directional signal from the 386DX W/-R.
pin. As an input, during local memory or 1/ cycles. W/-R indicates
& write bus cycle when high and a read bus cycle when low. A 10K

pull-up resistor is recommended on this pin. During the DMA cycle,
W/-R is the zame a3 -MEMR. 4mA drive capability.

DC

147

DATAICONTROL sus is mmpmfmm the 386DX D/-C pin.

D/ indicaiss g daia cycle when high and & conunand Jcle when

low. A 10K pull-up resistor is secommended on this pin.

MO

148

Input

MEMORY/IO statug is an input from the 386DX. M/{-IO indicales &
memory cycie when high and an JO cycle when low. A 10K pull-up
resistor is recommended on this pin.

152

Inpat/
Output

READY is generated to indicate to the CPU the end of the cycle.
This signal is generated for all CPU cycles except for cache hit
cycles. 12mA drive capability.

Table 3-5. AT Bus

Pin#

Symbol

Type

Slignal Description

BALE

75

Output

BUFFERED ADDRESS LATCH ENABLE is an active high output
tothe AT expansion Bus. BALE indicates a valid address on the SA
bus. Tiis used to hoid the address during an AT bas cycle. ZmA
drive capability.

MEMORY ADDRESS LATCH ENABLE is an active low ocutput
sigmal to the 82C356. -MALE allows the 82C356 10 Istch local
addreszes onto the SA bus during CPU AT cydes. -MALE alzo
indicates the start of a new CPU cycle. 2mA drive capability.

MEMORY READ is an active low bi-directional signal directing
memory to place valid data on the dats bus. -MEMR it an output if
the CPU is controlling the bus ot an inpu if 8 DMA or extemal bas
master is in control of the bus. 18mA drive capability.

MEMORY WRITE is an active low bi-directional signal directing
memory to accept data from the data bus. -MEMW is an output if the
CPU is controlling the bus or an input if 1 DMA or extzrnal bus
master is i control of the bus. 18mA drive capability.

SYSTEM MEMORY READ iz an active low cutput signal 10 the AT
expangions Bus, 'When active, -SMEMR indicates that the lowest
1IMB memory space is being addressed fora read cydc. 18mA drive

capability.

-SMEMW

61

SYSTEM MEMORY WRITE is an acuvelowouzputngml wothe
AT expmrion Bus. When active, -SMEMW indicates that the Jowest

1 megabyte memory space is being addressed for a write cycle.
18mA drive capability.

-IOR

71

TOREAD it an active low bi-directional signsl instrocting an 1O
device to place data on the data bus. -JOR is an output if the CPU is
cantrolling the bus or an input if 8 DMA controller is in control of the
bus. 18mA drive capability.

10 WRITE ix an active low bi-directional signal instructing an IO
device 1o accept data from the data buz, -JOW iz an ontput if the
CPU is cantrolling the bus or an input if 2 DMA controlleris in
control of the bus, 18mA drive capability.

AINTA

55

INTERRUPT ACKNOWLEDGE is an active low output to the
ingerrupe controller in the 82C356. 2mA drive capability.

CHIPS and Tachnologiss, inc.
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Table 3-5. AT Bus (continued)

Pin #

Symbol Type

Signal Dascription

IOCHRDY

63 Input

/O CHANNEL READY is & schmitt-triggered active high input from
the AT Bus. When low, IOCHRDY indicates 2 “not ready™ eondition
and forces the insertion of wait nates in 10 or Memory accenses.
‘When high, it allows the completion of the current I/O or memory
RCCCEE.

ZERO WAIT STATE is £ schmitt-triggered active low ot from the
AT Bus, causing termination of the AT bus cycle. 16-bit Memory or
T/O cards residing on the AT expansion bas ase this line to speed tp
accesseg, JWS requires 1 330 ohm poll-up resistor.

-MCS16

MEMORY CYCLE SELECT signal is an active low inpax signal
from the AT bus. When active, -MCS16 causes 2 16-bit memory

e gl THY bl TP LIWCOIL 2o Cmmndienn ol dhe m e a
FOCEE On IS 470 ThAnGas. il ~viLo 16 1E InAClIVE thed I cument

memory cycle ix 2 8-hit cycle. A 330 ohm pull-up is recommended

J0CS16

78 Input

110 CYCLE SELECT 16 is an active low input signal fram the AT
bus. When active, -JOCS16 cavses x 16-bit IfO sccess on the IO
Charmel. If -IOCS16 is inactive, the current IO cycle is an 8-bit
eyde. A 330 ofm puli-up ressior is recommended on this min.

Table 3-6. Address

Pin #

Symbol Type

Signal Dascription

-BE<:3>

143-146 Inpov
Output

BYTE ENABLE: -BE<(:3> are active low bi-directional signals.
-BE3 controls the most significant byt=; while -BED controls the least
significant byte. These signals are inputs from the 386DX -BE<D:3>
vine Aere 8 TP mrele As ;uvvraite DT AT mne ssmsemted dosine
pini ounng & LU CyGt. AL QU ~Dosivis s S gRORTaSh QUNNg
DMA cycles based o the status signais XAO, XAl and -SBHE.
ZmA drive capability.

A2:19>

2221 Inpat
19-14

LOCAL ADDRESS BITS A2-A19 are inputs to the 82C351 from the
386DX and 82C356.

A20

33 Inputf

LOCAL ADDRESS bit 20 is s bi~directional signal. A20 is an outpst
signal gated with GATEAZ0 during CPU cycles and s input during
DMA cycles. 4mA drive cepability,

ALL31>

124 Inpat
158-157

LOCAL ADDRESS BITS A21-A31 are inputs to the $2C351 from
the 386DX. .

_.  -GATEA20

36 Foput/

-GATEA20. This signal is an open collector output used to control
the gating of CPUA20. When -GATEA2( ix low, the £2C351
propagates CPUA20. When -GATEA2) is high, the 82C351 forres
AZ010 be low regandless of CPUA20 state. ~GATEA2D signal is
derived froen inverted -GATEA20 from the 8042 kevbosrd controller.

CPUA20

13 Tnpoy/

CPU ADDRESS bi1 20 is from the 336DX. A 10K chm pull-op is
recommended.

-SBHE

Output

SYSTEM BUS BYTE HIGH ENABLE is an active low
bi-directional signal 1o or from the AT expasion Bor. When active,
-SBHE indicates when the high byte transfer is taking place. Asan
outpar, this signal has & 4mA drive capability.

XA<O:1>

38,39 Inpuy/
Output

EXPANSION ADDRESS bits 0 and 1 are bi-directions] signais and

are connected directly o the 82C356. XAQ is outpix when the CPU

it the bus master and an input when 8-bit DMA is 2 bos master. XAl
iz an output when the CPU is the bus master and an input when $-bit
or 16-bit DMA is a bos matter, 2mA drive capability, 10K pall-up

reqired.
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Table 3-6.  Address (continued)

M 351 Pin Descriptions

Pin #

Symbol

Type

Signal Description

-ROMCS

&3

Outpaxt

ROM CHIP SELECT is an active Jow signal. When active, -ROMCS
enables the chip select inputs to the BIOS EPROM(s). During a
ROM cycle the 82C351 direcas the 82C355 to pass data from the XD
bus onto the D bur. The -ROMCS out of the 82C351 it connected 1o
the -ROMCS of the 82C356 which controls the direction of the buffer

between the XD and SD bus. 4mA drive capebilily.

122

Outpe

VIDEO RAM SELECT is an active low ontput indicating the cormrent
cycle it 8 VRAM access. -VRAMSEL is active for AODOOH to
BFFFFH. 2mA drive capability.

Table3-7. Cache

Pin #

Symbol

Type

Signal Description

CALE

56

Qutpat

CACHE ADDRESS LATCH ENABLE is an active high output
signal for the two octal laiches. CALE is used 10 Iatch the SRAM
addresses A2 to Al5. When CALE is high the laich is transparent
and allows the 386DX addresses 1o flow through to the SRAM:. On

CRD

107

the falling edge of CALE, the addresses are 1atched.

CACHE READ is an active low signal to the SRAM's output
ensbles. During read kit cycles, the -CRD is enabled to drive the
Tequested data on to the CPUJ data bus. 12 mA drive capability.

LWE<(:3>

102-105

Output

Cache Write Enables <(:3> are active low rignsls 10 the SRAM's
write enables for bytes Q to 3, respectively, For example, -CWEQ is
connected 1o byie 0 of SRAM. 8mA drive eapability,

G g 2 1))
~lLAUWK

]

23

TAG RAM WRITE ENABLE is an active low output signal used 1o
update the tag RAM during a DRAM read cycle or when testing the
tag RAM. EmA drive canabulity.

-CRDY

151

CACHE READY. This is generated by the 82C351 for all cache hit
eydles. Ttis tied 10 -READY of the 820351, and to -READY of the
386DX. 8mA drive capability.

TAG<0:9>

42.49
5152

Input/
Cutput

TAG BITS 0-9. These are the tag bits from the tag RAM. The tag
biis provide the sddress which is compared by the intermal
comparator against the memory address request. The tag bits vsed
for comparison are programmablc for 8, 9 or 10-bats. They require
pull-ups. 4mA drive capability.
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Table 3-8. DRAM

Ping

Symbol

Type

Signal Description

RAS<O:T>

127-12¢
131-135

Qurpuxt

ROW ADDRESS STROBEs 0-7 are active low ottputs to the system
DRAM. Thereis one -RAS signal for each bank of the memory cn
the mother board. -RASG is the strobe for bank 0, -RAS]1 for benk 1
ete. These xignals are vzed 10 latch the row address to the DRAMs
(falling edge). These should be buffered and terminaed. GomA drive
capability.

“CAS<O:3»

116-11%

COLUMN ADDRESS STROBE: are active low outputs signal to the
systen DRAM for selecting the byte of the DRAMz, The column
address is Iatched on the falling edge of -CAS. For example, -CASO
is forbyte 0, -CASI for byte 1, etc. The CAS lines are common 1o
all banks. These should be terminated 6mA drive capability.

101

DRAM WRITE ENABLE is an active low output to the sysiem
DRAMS. This signal needs to be buffered and terminated. 8mA
drive capability.

MA<O:7>

87-88
90-93
95-96

DRAM MEMORY ADDRESS/DATA lines. These are the DRAM
addresses during a DRAM cycle. Dusing an imtemal register access
(index register access) these are required to cotmect to the XD bus
using a 74F245. The signatl -JOW is used to control the direction of
the buffer and -XDEN is vsed 1o enabie the buffer. ‘The MA<0:7>
lines should be buffersd and terminared. 8mA drive capabiliry.

MA<SB:10>

97-9%

DRAM MEMORY ADDRESS linet are used to interface o the
DRAM address Iines. MAE, MAS and MA10 should be oxmnected 1o
the DRAM address Iines A8, A9 and A10. 8mA drive capability.

T 159

MEMORY ENABLE is an active Jow input gignal. When active
-MENB validates the address on the local bus. This signal can be
used 1o disable the §2C351 for & predefined address range vis an
external decode, When inactive, the 820351 foroes all acoess 1o the
AT bus.

Input

LATCHED PARITY is an active low input 10 the 82C351. When
active, it indicates a parity error occurred during the last Jocal
memory read and caused an NMT to be generated. The failing
address is Iasched by this signal mtemnal 1o the 32C351.

Table 3-8.  Buffer Control

Pin#

Symbol

Type

Signal Description

-ACEN

115

Ouiput

ACTION CODE ENABLE is an active low outpurr to the 82C355 and
validstes ACTION CODES AC<0:3>. 2mA drive capebility.

AC<0:3>

111-114

Output

ACTION CODE is a four bit encoded command to the 82C355 and is
nsed for data bus sizing and byte assembly operations. ACO3> are
qualified by the -ACEN signal. 2mA drive capability.

-ATEN

154

Output

AT ENABLE iz an active low outpat signal to the 82C355 and
82(7356. When active, -ATEN indicates that the current cyele isan
AT cycle. 4mA drive capability,

SDIRO

SD BUS DIRECTION. This signal i uscd to control the buffer
direction of the SD BUS for SD«<0):7>, When low, the direction is
from the SD 10 the MD buos {during AT or on board LO read cyele)
and when high the data path ic from the MD tothe SD bus (during
write cycles). 2mA drive capability.

SDIR1

$D BUS DIRECTION. This signsl is used to control the buffer
direction of the SD BUS for SD<8:15>. When low the direetion is
from the SD to the MD but (during AT or on board 10 read cycles).
When high the data path is from the MD to SD bos (doring write
eycles). 2nA drive capability,

XD BUS BUFFER ENABLE is sn active low output and is used to
ensble the buffer between the XD and MA<0:7> buses. -XDEN is
assested during IO sccess to mdex registers (for IO address 22H and
23H present in the 820351). 2mA drive capability.
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3 351 Pin Descriptions

Table 3-9.  Buffer Control {continued)

Pin#  Symbol

Type

Signal Description

-AF32 153

AF32 is xn sctive low bi-directional signal. As a output -AF32
indicates that a local cycle is in progress {(active for local DRAM and
cache cycles). A high indicatzs an AT bus cycle. Az aninput, it
disables the AT control logic, allowing the cycle to be handled by 2
Jocsl device. A 10K poll up is required. 4mA drive capability,

Input/
Outpie
Output

DRAM READ DIRECTION is an active low outpot signal which is
used by the 82C355 to contro] the direction of data transfer from the
MD 1o the SD bus, When this signal is assened (Jow) it ensbles data
trantfers from the MD bus to the SD bus. When this signal is
de-zssened (high) it causes data tobe transferred from the SD bus 10
the MD bus, 2mA drive capability.

PARTTY ENABLE is an active Jow output which enables the parity
in the 82C355. This bit is controlied by index register 28 bit
7. 1mA drive capability.

BWBUSY i10

E i

BUFFER WRITE BUSY is an active high output signal to indicate
that the main memory s busy in a buffered write cycle. When

-LDBEN is low, LDBDIR is high, and BWBUSY is high, the values
of the CPU data lines are passed on to the DRAM data lines. This is
connected to the 82C355. 2mA drive capability.

-LDBEN 108

LOCAYL DATA BUS ENABLE is an active low output. When
-LDBEN and LDBDIR xre Iow, the current values on the MDD bus
are passed on 10 the D bus. ' When -LDBEN is low, and LDBDIR is
high, the current values of the D bus are passed on to the MD bus.
-LDBEN is connected to the 82C355. 2mA drive capability.

LDBDIR 109

LOCAL DATA BUS DIRECTION CONTROL ix an cutput to the
82C355 which controls the data direction between the D bus and the
MD bus. When -LDBEN and LDBDIR, are low. the current values
o ihe ML bus are passed o6 10ihe D bas. When -LDBEN i low
and LDBDIR is high the current values of the I bus are passed on to
the MD bus. 2mA drive capability. -L.DBDIR is connected to the
82C355.

TEST PIN forthe 82@51 isan .lcuvclowmpmngml and should be
pulled up with a 10K resistor for proper opemation.

-WIPRES 155

i f

'WEITEK PRESENT is an active low input indicating the presence a
'WEITEK coprocessor. -WTPRES should be pulled high with a 10K
resistor.

vCC 20, 41,59,
80, 89,
100, 121,
149, 160

45V £5% Supply voluge.

GND 1,40, 50,
70, 81,94,

106, 120,

130, 150
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3.2 Numerical Listing of Pin Assignments

I
Table 3-10. Numerical Pin Definitions
Pin Signal Pin Signal Pin Signal Pin Signal
1 Viz 31 A3 61 SMEMW 91 MAS
2 RESET3 32 A2 62 REFREQ 92 MAd4
3 RESET4 33 A20 IOCHRDY 93 MAS {
4 A29 34 -TEST351 64  -MASTER 94 Vis
5 A28 35 HLDA2 65 -XDEN 95 MAG
[ A27 36 -GATEA20 _ &6 OWS 96 MA7
i A26 a7 -SBHE 67 JLPAR 97 MAS
3 A25 38 XAD 638 -MEMR 98 A |
9 A24 39 XAl 69 MEMW 99 MAIO |
10 A23 40 Vis 70 Vis 100 Veo
11 A2 41 Vet T -IOR 101 DWE
12 A21 42 TAGO 72 -IOW 12 -CWED
13 CPUAZ0 43 TAG1 73 -AENS 103 -CWE1
14 Al9 ee TAG2 74 EROQ! 104 LCWE2
15 Al 45 TAGS 5 BALE 105 -CWE3
16 Al7 46 TAG4 75 HLDA1 106 Vs
17 Al6 47 TAGS 77 -MCS16 107 -LCRD
18 AlS 48 TAGS 78 -10CS16 108 -LDBEN
19 Ald 49 TAGT 7% BUSCLK 109 LDEDIR
20 Vee £0 Vis 80 Vee 110 BWERBUSY
21 Al3 51 TAGE gt Yig 111 ACD
22 A2 52 TAGS £2 ATCLKIN 112 ACI
23 All $3 -TAGWR. g3 ROMCS 13 ACZ
24 Al0 54 -MALE 84 -AEN16 114 AC3
__ 35 AS 55 INTA 85 SDIR1 115 -ACEN

26 A8 56 CALE 85 SDIRO 116 -CASD
27 A7 57 -RESETI &7 MAD ii7 -CASi

- 2% A6 58 RESET2 88 _MaAl 118 -CAS2
29 AS 59 Veo 89 Ve 115 -CAS3
a0 Ad 60 -SMEMR 90 MA2 120 Vi

58 PRELIMINARY CHIPS and Tochnoiogies, Inc.
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B 351 Pin Descriptions

3.3 Alphabetical Listing of Pin Assignments

|
Table 3-11,  Alphabetical Pin Definitions
Signal Pin Signal Pin Signal Pin Signal Pin
A2 32 AC2 113 LDBDIR 109 TAGO 42
A3 31 AC3 114 -LDBEN 108 TAGI! 43
Ad 30 ACEN 115 I PAR &7 TAG2 A4
AS 2 -AENS 13 MAD 87 TAG3 45
A6 28 -AEN16 84 MA1 88 TAGH 46
A7 27 ATCLKIN 82 - MA2 90 TAGS 47
A8 26 BALE 75 MA3 o1 TAGE 48
A9 25 BUSCLX 79 MA4 92 TAG7 49
AlD 24 BWBUSY 110 MAS 93 TAGE 51
All 2 CALE 56 MAS6 95 TAGY 52
Al2 22 -CASQO 116 MAT 96 TAGWR 53
Al3 21 -CAS1 117 MAS §7 TEST351 34
"Al4 19 -CAS2 118 MAS o8 Vee 20
AlS 13 -“CAS3 119 MA10 99 Veo 41
Alb 17 CPUA20 13 -MALE 54 Neo 59
Al7 16 -CRD 107 -MASTER 64 Vee 80
Al% 15 -CWED 102 MCSI6 77 Ve 89
Al9 4 -CWE1 103 -MEMR 68 Vee 100
A20 a3 CWE2 104 -MEMW 69 Vit 1
A2t 12 -CWE3 105 REFREQ 62 Vi 40
A22 11 -DWE 101 -RESET1 57 Vs 50
A23 10 -GATEA20 36 _ -RESET2 58 Vis 70
A24 9 HLDA1 76 RESET3 2 Vst 81
A2S 8 HLDA2 as RESET4 3 Vis 94
A26 7 HRO1 74 ROMCS 83 Vis 106
A27 & -INTA 5 -SBHE 37 Vis 120
A28 5 JOCHRDY 63 SDIRO 86 XA0 38 _
A28 4 -IOCS16 78 SDIRI 85 XAl 39
ACD 111 -IOR 71 _-SMEMR60 -XDEN &5 -
ACl 112 -JOW 72 -SMEMW 61 OWS 66
PRELIMINARY
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3.4 PinDiagram

|
Figure 3-1.  82C351 CPUCache!/DRAM Coniroller Pin Diagram
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Section 4

351 Physical Characteristics

4.1 Absolute Maximum Ratings

5ymbol Min. Max. Units

Supply Voltage Veo 10 v .

Inpat Valtape Vi o3 55 v _
Outpat Voltsse Vo -5 55 v

Operating Temperature Top -25 85 C _

Storge Temperatune Tsig 40 125 C

Note  Exposure to absolute maximum ratings conditions for extended periods may
affect device reliability. Exceeding the absolute maximum ratings can cause
permanent damage to the device.

4.2 Operating Conditions

Symbol #Min. Max. Units

Supply Voltage Vee 4.75 525 v
Ambient Temperatare Ta 70 c___
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H 351 DC/AC Characteristics

351 DC/AC Characteristics

5.1 DC Characteristics

* Symbol

Min.

Max. Units

Input low voltage

Vo

TTL level {except CPUCLKIN, ATCLE, CLX2IN)

CMOS level (CPUCLKIN , ATCLK, CLE2IN)

<l

Input high voltage

TTL level (except CPUCLKIN, ATCLK, CLK2IN)

20

CMOS level (CPUCLKIN, ATCLK, CLK2IN}

35

Output low voltage

Output high valtage

24

Input LOW current @ Vo =Vss

=200

-10

Input HIGH current @ Vo =Vdd

-10

10

3-State outpot OFF current LOW

-10

3-Siate output OFF current HIGH

10

Power supply current @25 MHz

Inpat capacitance

10

%riﬁ§§< <<

Qurpat or HO eapacitance

§QWSEEF§§

10
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[ |
Table 5-1.

I
Table 5-2.

5.2 AC Characteristics

All fiming parameters are specified under capacitive load of 50 pf and
temperature of 70 degree C. All the units discussed in the following timing
tables are in ranoseconds, unless otherwise specified. Also, the AC
specifications mentioned in this document are subject to change.

Clocks
Clocks 25 MHz
Min, Max.
t101 Operating frequency 25MHz
1102  CPUCLKIN period 20
104  CPUCLKIN high time st 3.5V g
1106 CPUCLKIN low time st 1.5V 8
1107 CPUCLEIN fall time (3.5V10 1.5V) 4
1108  CPUCLKIN rise ime (1.5V 10 3.5V) 4
t1082  CLE2IN delay to CPUCLK 0 15
t100  CPUCLKIN highto -SCLK low 6 27
t110  CPUCLKIN highto -SCLK high 6 27
Memory Cycle
Memory Cycle 25 MHz
Min. Max,
t120  Address setup to CPUCLKIN high 37
1121 W/-R, MO, Df-C setup 10 CPUCLKIN low 17
t12Ia  -ADS setop to CPUCLKIN jow 10
1122 -BE<3:0> setup to CPUCLKIN high 30
1123 -READY active delay from CPUCLKIN Jow (0 WS writes) 2 20
1125 HOLD delay from CPUCLKIN high 2 19
t126  -MALE active delay from CPUCLKIN high 0 30
1127  -MALE inactive delay from CPUCLKIN low 0 30
t128  -AF32 acive delay from CPUCLKIN 23
1129  -AF32 inactive delay from CPUCLKIN low 25
1134 -READY active delay from CPUCLKIN high 6 30
t135  -READY imactive delay from CPUCLKIN high 4 35
t14]  -RAS active delay from CPUCLKIN high (early RAS) 7 22
1142 -RAS active delay from CPUCLKIN high (latc RAS) 7 22
1143 -RAS inactive delay from CPUCLXIN high 7 25
1145 Row address valid from CPU address active 25
tld6  Row address hold from CPUCLXIN jow T 25
11468 Column address valid from CPUCLKIN low 30
1147  Column address valid 1o CAS- active ] 30
1148  Colomn address hold from CPUCLKIN high 7 25
t150  -CAS active delay from CPUCLEKIN high 7 2
1151 -CAS inactive delay from CPUCLKIN kigh 7 27
1152 .DRD active delay from CPUCLKIN high 10 25
1154  -DRD inactive delay from CPUCLKIN high 10 25
159 -CWE active delay from CPUCLETN hish fread miss) = 20
t160  -CWE inactive delay from CPUCLXIN high (read miss) 6 19
ti6la  -DWE active delay from CPUCLKIN high 7 20
1162 -DWE inactive delay from CPUCLKIN high 7 30
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I
Table 5-2.  Memory Cycle (continued)

Table 5-3.  Cache Timing

Table5-4. Tag RAMS

Memory Cycle 25 MHz
Min. Max.
1165  LDBDIR wvalid from CPUCLKIN low 9 45
1166 Row address valid from CPUCLKIN high T 35
1672 BWBUSY active delay from CPUCLKIN high (normal) 7 X2
t167b  BWBUSY sctive delay from CPUCLEKIN high (0 WS write) T 22
1168  BWBUSY inactive delay from CPUCLKIN high (0 WS writes) 40
1169  -LBDEN active from CPUCLXIN high (normal write) 40
t169a __-LRDEN active from CPUCLKIN high (read) 40
1169 -LBDEN active from CPUCLKIN high (0 WS write) 40
t169c  -LBDEN inactive from CPUCLKIN high 28
[ )
Cache Timing 25 MHz
Min. Max.
132 -CRD active from CPUCLEIN high 30
t132a  CRD active from -ADS low 30
1132b  -CRD active from W/R low 30
1133  -CED inactive from CPUCLKIN kigh 12
1138 CALE active from CPUCLKIN high 20
1138 CALE inactive from CPUCLKIN high 27
t156 -CWEn pulse width (OWS writzs) 18
1157 -CWEnpnlwwidih(l_WS writes) 35
1158 CALE active to -CWEn inactive 3
Tag RAMS 25 MHz
Min.  Max.
200  TAG<0:9> valid to -CRDY valid ) 22
1201 TAG<0:9> setup to CPUCEKIN high Exrly RAS 14
1202 TAG<0:9> setup to CPUCLKIN high Late RAS 25
1203 TAG<0:9> setup to CPUCLKIN hiph OWS writs decision 11
204  TAG«0:9> setup to CPUCLKIN high 1WS write decision 25
205  -TAGWE active 10 TAG<D:9> low Z 1 CPUCLKIN
207  ‘TAG<D:9> floa: from -TAGWE inactive (4] 5
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Table 5-5. DMA Cycle

DMA Cycile 25 MHz
Min. Max.
1170 Command setup to CPUCLEIN high 20
1171 -RAS active delay froen CPUCLEIN high 0 22
2172 -RAS inactive delay from commands inactive 0 25
t173  Row address setup from sddress valid 0 20
1174 Row addrens hold from CPUCLEIN high 10 25
1175 Column address setup 1o -CAS active 1.5CPUCLKIN
1752 Column address valid from CPUCLEIN high 12 27
t176  Column address delay to valid from CPUCLEIN Jow 25
t}77__ -CAS active delay from -RAS active (DMA memory read) 3 CPUGLKIN
1178 -CAS active delxy from -RAS active (DMA memory wrile) 4 CPUCLKIN
1179 -CAS sctive delay from CPUCLEIN high 8 22
t]180 -CAS inactive delay from commands insctive 8 20
1185  -AEF32 sctive delay from commuand active y] 30
1186 -AF32 insctive delay from commands jnactive 0 70
1187  -DWE active delay from CPUCLKIN high 0 i7
1188 -DWE inactive delay from commands inactive 0 17
1189  -CWE active delay from CPUCLKIN high 0 20
1190  -CWE inactive deley from CPUCLXIN high 10 20
|
Table 5-6. ROM Cyele
AOM Cycle 25 MHz
Min. Max.
1191 -ROMCS active delay from CPUCLKIN high 0 25
1192 -ROMCS inactive delay from CPUCLKIN high 0 25
T
Table 5-7.  Local Bus Slave Cycle
Local Bus Slave Cycle 25 MHz
Min. Max,

1193 -READY input setp 1o CPUCLKIN high 16
1194 -READY input hold from CPUCLKIN high 6
1195 __-AF32 setup to CPUCLKIN high 15
1196___-AF32 boid from CPUCLKIN high 3
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| |
Table 5-8. AT Bus Access

AT RBus Accasg

—

E
3

11100 -ATEN active from CPUCLEIN high
11101  -ATEN inactive from CPUCLEIN high
11102 BALE active from BUSCLK low
11103 BALE inactive from BUSCLK high
11104 Command active delay from BUSCLK low

11105 Commuand insctive from BUSCLX high

11106 -ACEN active delay from BUSCLK low (read)
1117 -ACEN inactive delay from BUSCT X hish (read)
11108 AC«<0:3> active delay from BUSCLX low

11112  -MCS816, -IOCS16 setup to BUSCLK high

11113 CS14, -JIOCS16 hold from BUSCLK high

21116  Command active delay from BUSCLX high (write)
t1117  -ACEN sctive delay from BUSCLK high (wrile)
11118 -ACEN inactive delay from BUSCLK low (write) -
11119  -OWS setup 10 BUSCLK low

11120 -OWS hold from BUSCLK high

11123  XA<D:1», -SBHE valid thhygf__m BUSCLK low

BIBBEBIEIBEE

BEE

owmilojolojulRielc|e|elo|eleleie

I
Table 5-9.  DMA Arbitration

DMA Arbliration 25 MHz

Min. Max.

11140 HRQn active sctup 1o CPUCLKIN high 15

. 11141 HRQn insctive setup to CPUCLKIN high 15
11142 HOLD active deley from CPUCLXIN high 2 30
11143 HOLD inactive delay from CPUCLKIN kigh s 25
11144 _ HLDAn active delay from CPUCLKIN high 2 19
11145 HLDAn inactive delay from CPUCLKIN high 30

|
Table 5-10. Refresh Arbitration

Refresh Arbitration 25 MHz

Min. Max.
t1148  REFREQ pulse width Jow) 3 CPUCLKIN

11150 -MEMR delay from BUSCLK high [1] 25
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Tabie 5-11.

—
Table 5-12.

I
Tabie 5-13.

Note

I
Table 5-14.

Reset Timing
Reset Timing 25 MHz
Min. Max.
11170 _ RESETS active delay from CPUCLKIN high ¢ 25
11171  RESET3 inactive delay from CPUCLKIN high 2 15
11172 RESET3 pulse width o4 85
CPUCLEIN
t1173  RESET4 active delay from CPUCLKIN high 0 25
11174  RESET4 inactive delay from CPUCLKIN high 2 15
Miscellaneous Timing
Miscelianeous Timing 25 MHz
Min. Max.
t1187  BUSCLK high pulse width programmable
11188  BUSCLK low pulse width programmahle
11189 BUSCLK rite time 6
11190 BUSCLK fall time 6
11191  FGA20 valid from -JOW insctive 18
11193  A20 delay from CPUA20 0 16
Refresh Cycle
Refresh Cycle 25 MHz
Min, Max.
11200  -RASiactive delay from CPUCLKIN high 25
11201 -RASi insttive delay from CPUCLKIN high 0 15
11202  -RASi pulse width see Note
11203 -RAS(i+1) active delay from -RASi active 1 CPUCLKIN
t1204 REFRESH address sewp 1o -RASO 2 CPUCLKIN
11205 REFRESH address hold from -RAS3 1 CPUCLKIN
‘The RAS pulse width is programmable to 4, §, 6, 7 CPUCLKIN
LPAR Timing
LPAR Timing 25 MHz
Min. Max.

11220  -LPAR impt setsp 1o -CAS high

10

11221  -LPAR input hold from -CAS kigh

10
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I 351 DC/AC Characteristics

Clock Cycle -
Clock Cycles 33 MHz
Min. Max.
t10i = Operming frequency 33MHz_
102 CPUCLKIN period 15
il04  CPUCLKIN high time at 3.5V 6
1106 CPUCLKIN low time at 1.5V 6
1107 CPUCLKIN fall time 3.7V to .BV) 4
1108  CPUCLKIN rise time (.8V 153.7V) 4
11082 CPUCLKIN delay to CPUCLK ' 0 15
t109 _ CPUCLKIN high to -SCLK low 5§ o 25
1110 CPUCLKIN high o -SCLX high 5 25 B
Memory Cycle .
Memory Cycle 33 MHz
Min. Max.
1120 Address setup to CPUCLKIN high 28
1121 W/R, MLIQ, D/-C, senp 10 CPUCLKIN low 13
1121s __ -ADS setup 10 CPUCLKIN low 4
1122 -BE<0:3> serup to CPUCLKIN high 25
1123 -READY delay from CPUCLKIN low (0 WS writzs) ! 14
1125 HOLD delay from CPUCLKIN high 2 25
1126 -MALE active delay from CPUCLKIN low 4] 30
1127 -MALE imactive delay from CPUCLKIN low o 30
1128 -AF32 active delay from CPUCLKIN low 17
1129 .AF32 inactive delay from CPUCLKIN low 1 20
1134 -READY active delay from CPUCLKIN high 5 23
1135 -READY inactive delay from CPUCLKIN high 5 30
1141 _ -RAS active delay from CPUCLKIN high (early RAS) 5 20
1142 -RAS active delay from CPUCLKIN high (lstc RAS) 5 20
1143 -RAS inactive delay from CPUCLKIN high 7 25
t145  Row address valid from CPU address active 25
1146 Row sddress hold from CPUCLKIN low 10 22
t146x__ Column address valid from CPUCLKIN low 25
t147 __ Column sddress valid 10 -CAS sctive 9 30
1148 Column address hold from CPUCLKIN high 7 22
1150 -CAS active delay from CPUCLKIN high 7 20
1151 -CAS inactive delay from CPUCLKIN high 7 25
1152 -DRD active delay from CPUCLKIN high 8 30
1154 -DRD inactive delay from CPUCLKIN high 8 L
1159  CWE active delay from CPUCLKIN high (read miss) 8 18
1160  -CWE inactive delay from CPUCLKIN high (read miss) 0 14
1i61a __ -DWE active delay from CPUCLKIN high - 7 18
1162 __-DWE inactive delay from CPUCLKIN high 7 30
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Table 516. Memory Cycle (continued)

Masmory Cycie 33 MHz
Min. Max,
165 LDBDIR valid from CPUCLKIN low 7 45
1166  Row address valid from CPUCLKIN high 7 30
t167a  BWBUSY active delay from CPUCLKIN high (normal) 7 20
i€  BWBUSY active delay from CPUCLEIN hiph (JWE writer T 23
1168 BWBUSY inactive delay from CPUCLKIN high (OWS writes) 40
1169  -LBDEN sctive from CPUCLKIN high (normal write) 40
11692 -LBDEN active from CPUCLKIN high (read) 40 )
t169% _ -LBDEN active from CPUCLKIN high (0 WS write) o490
t169¢  -LBDEN inactive from CPUCLKIN high 25
Table 5-17. Cache Timing
Cache Timing 22 MHz
Min. Max.
1132  “CRD active from CPUCLKIN high 20
1132a  -CRDactive from -ADS low 20
11326 CRDactive from W/R low 20
1133  -CRD inactive from CPUCLKIN high 12
1138b _ CALE sctive from CPUCLKIN high 14 .
11382 CALE inactive from CPUCLKIN high 27 _
1156  -CWEn pulse width (0WS writes) 13
1157  OCWEn rulee width (WS wriles) 26
AMWEnn mies)
t158 CALE active 1o -CWEn active 3
Table 5-18. Tag RAMS
Tag RAMS 33 MHz
Min. Max.
1200 TAG<0:9> valid 10 -CRDY valid 2D
- 1201 TAG<0:9> setup to CPUCLKIN high, Exrly RAS 11
202 TAG<0:9> setup to CPUCLKIN high, Late RAS 20
1203 TAG<0:9> sctp to CPUCLKIN high, OWS write decision 11
1204  TAG<0:9> setup to CPUCLKIN high, 1WS write decision 20
1205  -TAGWE sctive 1o TAG<O:9> low Z 1 CPUCLXIN
207 _ TAG<0:%> float from -TAGWE inactive 0 5

70
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I
Table 5-19. DMA Cycle

L
Table 5-20.

I
Table 5-21.

B 351 DC/AC Characteristics

 Min, Max,
t170 __ Command setup to CPUCLKIN high 20 ~
t171 -RAS active delay from CPUCLEIN high 4] 20
1172 -RAS inactive delay from commands inactive O 25
1173  Row address setup from address valid 0 20
1174 Row address valid from CPUCLKIN high 10 25 _
1175  Column address setup to -CAS active 1.5 CPUCLKIN
11752 Column address valid froon CPUCLKIN high 12 27
1176  Column address delay to valid from CPUCLEIN low 25
1177 -CAS active delay from -RAS active (DMA memory read) 3 CPUCLKIN
t178  -CAS active delay from -RAS setive (DMA memory write) 4 CPUCLKIN
tI79 CAS active delay from CPUCLKIN high 8 20
1180  -CAS inactive delay from commands inactive 8 20
1185  -AF32 active delay from command active 1] 30
ti186  -AF32 inactive delay from commands insctive 0 70
1187 -DWE active delay from CPUCLKIN high 0 17
1183  -DWE inactive delay from commands inactive 0 17
1189 -CWE active delny from CPUCLKIN high 0 20
1130 -CWE inactive delay from CPUCLEIN high il 0
ROM Cycle
ROM Cycle 33 MHz

Min. Max.
1191 ~-ROMCS active delay from CPUCLKIN high 0 25
1192 -ROMCS inactive delay from CPUCLKIN high 0 25

Local Bus Slave Cycle
Local Bus Slave Cycle 33 MHz

Min. Max.
t193 -READY input senxp 10 CPUCLKIN high 12
1184  -READY inpat hold from CPUCLKIN high [3
1185  -AF32 setup to CPUCLKIN high 10
t196 -AF32 hold from CPUCLKIN high 6 L
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Table 5-22.

I
Table 5-23.

I
Table 5-24.

AT Bus Access
AT Bus Accass 23IMHz
Min. Max,
11100  -ATEN active from CPUCLKIN high 0 40
11101 __-ATEN imactive from CPUCLKIN high 0 40
11102 BALE active from BUSCLK low 1] 20
«111M2 DPAT T taamtitne fomee DTTEIT 77 hish n -
[y AP LAl LAMRALL T LIVALL DU T bl II.IEI.I w A
11104  Command active delay from BUSCLX low 0 20 )
11185 = Command inactive from BUSCLK kigh 0 20 .
11106  -ACEN sctive delay from BUSCLK low {read cycle) 0 20
1107  -ACEN jnactive delay from BUSCLK high (read cycie) 0 20
11108 AC<0:3> active delay from BUSCLX low 0 20 .
11112 -MCS16, -IOCS16 setp 10 BUSCLK high 25
11113  -MCS16, -IOCS16 hold from BUSCLX high 5 B
11116  Command sctive delay from BUSCLK high (write) [)] 20
ti117  -ACEN active delay from BUSCLK high (write} 3] 20
uii8 _ -ACEN inactive delay from BUSCLK Jow {writc) 0 0
1119 -OWS setop 1o BUSCLK Jow 20
t1120  -OWS hold from BUSCLK high 5
11123 XA<0:1>», -SBHE valid delay from BUSCLK low [+] 18
DMA Arbitration
DMA Arbitration 33 MHz
-~ Min. Max.
t1140 HROm active setup 1o CPUCLEKIN high 15
11141 HROn inactive setup 10 CPUCLEIN high 15
§i342 HOLD active delay from CPUCLKIN high z 23
11143 HOLD inactive delay from CPUCLKIN high 4 23
11144  HLDAn active delay from CPUCEXIN high 2 19
11145  HILDAn inactive delay from CPUCLEKIN high 30
Refresh Arbitration
Refresh Arbitration 33 MHz
i, ML,
11148  REFREQ polse width (Jlow) 3 CPUCLKIN
til150  -MEMR delay from BUSCLK tigh 0 25
-PRELIMINARY CHIPS and Technologies, inc.
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|
Table 5-25. Reset Timing
Resat Timing 33 MHz
Min. Max.
11170 RESET3 active delay from CPUCLKIN high 1] 25
11171 RESET] inactive delay from CPUCLKIN high 2 12
11172 RESET3 pulae width 64 &5
FPUCL.KN
11173 RESETY active delay from CPUCLKIN high 0 25
ti174 RESET4 inactive delay from CPUCLKIN high 2 12
A ———
L]
Tabla 5-26. Miscellaneous Timing
Miscollaneous Timing 33 MHz
Min. Max
11187  BUSCLX high pulse width " Programmable
11188 BUSCLK low palse width Programmable
11189 BUSCLK rise time _ 6 ~
11190 BUSCLK fali time 2]
11191 FGAZ0 valid from -JOW inactive ' 8
11193  A20 delay from CPUA2D 0 16
||
Table 5-27. Refresh Cycle
- Refrash Cycle 33MHz
Min. Max.
11200  -RAS; active delay from CPUCLKIN high 25
11201 -RASi inactive delay from CPUCLKIN high 0 15
11202 __ -RASi pulse width see Note
11203 -RASG+1) active delay from -RAS; sctive 1 CPUCLKIN
11204 REFRESH address setup to -RASO 2CPUCLKIN
11205  REFRESH address hold from -RAS3 1CPUCLEIN
Note  The -RAS pulse width is programmable to 4, 5, 6, 7 CPUCLKIN.
|
Table 5-28. LPAR Timing T
LPAR Timing _ 33 MHz
Min. Max.

10

t1220  -LPAR input setup to -CAS inactive

11221

-LPAR input hold to -CAS inxctive

10

CHIPS and Tachnologies, inc.

PRELIMINARY

73



B 351 DC/AC Characteristics

74

This page is intentionally left blank.

PRELIMINARY

CHIPS and Technologies, Inc.




Section 6

351 Timing Diagrams






H 351 Timing Diagrams

Section 6
351 Timing Diagrams

T
Figure 61,  82C351 AC Timing Waveforms
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| i
Figure 6-2.  Back to Back Write Early RAS, Four Wait States
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I
Figure 6-3.  82C351 One Wait State Write Mode, Late RAS Mode, Five Wait State DRAM
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T
Figure 6-4.  82C351 and 386DX Interface
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82C351 Write Hit, Orne Waii Siate Cache, Early RAS Mode, Five Wait States
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Figure 6-6. 82C351 Read Miss, Late RAS Mode, Three Wait States DRAM
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82C351 Read Miss, Late RAS Mode, Four Wait States DRAM

Figure 6-7.
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I
Figure 6-8.  82C351 Read Miss, Early RAS Mode, Three Wait States DRAM
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I
Figure 6-8.  82C351 Read HitWrite Hit, Zero Wait State Cache, Late RAS Mode, Four Wait
States DRAM -
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I
Figure6-70.  82C351 DMA Cycle
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Note  -CRD and -CWE are generated during DMA Write Hit Cycles.
-CRD is generated for chip select type SRAMs.,
-AF32 is generated during DMA Cycle for 82C351 to generate the proper
Action Code.

84 PRELIMINARY CHIPS and Technologies, knc.




M 351 Timing Diagrams

ROM Read Cycle

Figure 6-11,
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Figure 6-12.

82C351 AT Read Cycle
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|
Figure 6-13.  82C351 AT Write Cycle
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Figure 6-14.

82C351 DMA Arbitration
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82C351 Refresh Arbitration

Figure 6-15,
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Figure 5-16.  82C351 Reset
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Figure6-17.  82C351 Miscellaneous Timing
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I
Figure 6-18.  Refresh Cycle
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Note  t1202 is the -RAS pulse width during refresh and it is programmable through
register 11-bits 1 and 2. IOCHRDY will not be generated during a classical
refresh.
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|
Figure 6-19.  82C351 Index Register Read/Write
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Note  Nodata is output and XDEN is inactive if the index setup by the previous I/O
: 22 Write does not point to a vatid I/O 23 register of the 82C351.
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351 Physical Dimensions

7.1 82C351 CPU/Cache/DRAM/Controller

B
Figure 7-1.  160-Pin Plastic Flat Package

L8
T .t
££30 FUER T

€0.65 (O 0256)
Non-
Accumulative

(0.012 +0.004)

Lead Leagth
Sce Note 2

Pin 1

§ 2
Lead Width CPU/Cache/DRAM =
@30 #0610 T @

4 Lead Length
T Sec Note 2

——————

oo
S|,
82C351 ==
a8
L=
CONTROLLER i
S
i
Clesrance
0.000 (0.000)
0.600 (0.024)
J Max Height
- 307 (1.209) Seating Plane 42 (016

324 (1.276)

Legend  minimum inches (minimum milimeters)

CHIPS and Tachnologies, Inc.

maximum inches (maximum milimeters)

Notel  Package Body Size =28 +0.2/-0.4 (1.i02 + 0.008/-0.016) (Swire)
Package Body Size = 28 0.2 (1.102 £0.008) (All Otber Package Vendors)

NoteZ  Lead Length=0.6 0.3 (0.024 £0.012) (Package Vendor = Seiko)
Lead Length = 0,7 £0.2 (0.028 £0.008) (Package Vendor = Yamaha)
Lead Length = 0.8 £0.2 {0.031 +0.008) {All Other Package Vendors)
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I 355 Functional Description

Section 1

355 Functional Description

1.1 Features

The 82C355 provides all of the logic required to interface the Memory Data bus
(MD<0:31>), to the Local System Data bus (D<0:31>). Italso performs data
alignment and size conversion, and contains parity detection and generation
logic.

1.2 Functional Subsystem
Figure 1-1 shows the block diagram of the 82C355.
The B2C355 performs the following functions:

*  Buffers data between the D and MD buses

& Generates and checks parity for the DRAM subsystem

»  Latches the data for DRAM buffered writes

* Laiches data from the AT bus during CPU AT bus reads
*  Performs data sieering for AT bus accesses

*  Provides paths for SD and XD buses

1.3 Bus Interface

The 82C355 is the data buffer that interfaces the CPU data bus (D bus) to the
memory data bus (MD bus). Figure 1-2 shows the various data paths. The MD
bus interfaces to the SD Bus (AT bus) via bi-directional buffers. The XD bus,
derived from the SD bus using additional bi-directional buffers, is nsed as a data
path for on board peripherals such as the keyboard controller, etc. The signals
HLDAL, -ATEN, AC<0:3>, SDIRQ, and SDIR 1 control the direction of the data
paths. Refer to Table 1-1 for bus control definition.

Data on the D bus is latched inside the 82C355 by BWBUSY The !atches S are
open except for buffered writes. When BWBUSY is low the latches are open.
When BWBUSY is high, the data is latched.
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|
Figure 1-1.  82C355 Data Buffer Block Diagram
LAZA AN DACHTY METECILEL A TUWNA :_ um
D AND GENERATION 1LOGIC o .
4 P WO
“DAD P
ACEN mmmmmp] CONTROL
AR  cm— AND
SDRD1> wmemmmmf  DECODE
-ATEN —+ Loac
N‘BUSY#
LDBOIR s WX
wx\
H D
- 0w
N o
215
> 1" bl P>
OOty mifm——— q A LI | q pfre— MO-0231>
F D ]
“ D
md(:zb
P
j I R ~
LQ LATCH /
[
Tabie T-i.  Bus Conirol Definition
HLDA -ATEN SDIR0 SDIR1 -DREP Cycle Type MDBus 355 SDBuslSB BUF M5B
0 0 0 0 X CPU ATREAD 1 1 I
1] 0 0 1 X Not 2 valid cvcle _ — —
0 1] 1 Q X Not a valid cycle -_— —_— —
0 0 1 1 X CPU AT WRITE (o] (o] o]
1 1 1 1 1] MASTER/DMA 16-bit, _ 1 I
8-tit LOC MEM RD
1 (4] 1 0 Not & valid cvcle _— ~— —_—
1 1 0 ) MASTER/DMA, 16-bit —_ o]
LOCMEM RD
1 1 0 0 1 MASTER/DMA 16-at —_ o o]
ATMEMRD
1 1 0 (4] 1 MASTER/DMA 16-bit —_ I 1
LOCMEM WK
i 1 0 1 1 MASTER/DMA 8-hit _ I O
LOC MEM WR
1 1 1 0 1 Not & valid eycle — —_ _—
i 1 o ¢ 1 MASTER/DMA 16-hit —_ O o
AT MEMWER
Note  The“—7indicates “don't care.”
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CAGHE DATA RAMS.

Figure 1-2.  PEAK/DM Data Path
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1.4 Data Conversion

The 82C355 provides the proper data conversions for CPU initiated accesses to
the AT bus. The action codes AC<(0:3> are used to control the flow of data
between the 32-bit memory (MD) data bus and the 32-bit local (D) data bus.
The action codes are generated by the 82C351 according to the signals -MCS16
and -JOCS16. The action codes are used to control the CPU accesses to the AT
bus and are qualified by ~ACEN.

Mals ©F A -~
Mala LG |H

The 82C355 handles the data bus swapping reguired when a master and slave
use different data sizes, The action codes shown in Table 1-2 and Figure 1-3
identify the data steering for all possible cycles.

In Figure 1-3, A, B, C and D are the CPU data bytes (where A isthe LSB and D
is the MSB), E and F are the data byies on the AT bus {(where E is the LSB and
Fisthe MSB); G, H, 1, and J are the data bytes on the Local RAM bus (where
G is the LSB and J is the MSB). For example, when the CPU is performing
ocal DRAM cycles, the bus conversions are not necessary as both the CPU and
the local memory accesses are 32-bits wide. For CPU initiated AT cycles, bus
conversions are required because the AT bus is 16-bits wide. The 82C351
performs two 16-bit cycles and the 820355 latches the data, and prcsents 32-bit

P Fas ) 4

uaxawme\.ru
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I
Table 1-2.  Action Code Definition

AC<0:3>»

DI
AB/GH
CD/O

mmﬁl!ﬂmmlmmugulgg
QR[5 [E R

|t | |0 oo |~tjon [ta |us e [ [

15 Parity

The 82C355 generates and checks parity for the DRAMSs. There is one parity
bit for each byte. MPQ is the parity for MD<0:7>, MP1 for MD<8:15>, MP2
for MD<16:23>, and MP3 fo; MD<24:31>.

During a write cycle (when -DRD is high) the parity is generated by the 82C355
and the parity bits are driven on MP<0:3>. The generation of the parity is done
on a byte by byte basis.

‘When -DRD is low, the buffers driving MP<(0:3> are tristated, disabling the
parity generator and enabling the parity checker. The output of the parity
checker, along with the parity bits read into the 82C355 are internally compared
on a byte by byte basts using the CAS<0:3> signals. If there is a parity error,
the 82C355 activates -LPAR to the 82C351. The parity enable signal -PEN
should be low to enable parity checking.

The parity error signals from each byte are NORed together, then ORed with
-PEN and sent out on the -LPAR signal. When an error is detected, the -LPAR
signal will remain low unti! the next DRAM read from the offending byte with

proper parity.
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L
Figure 13.  82C355 Bus Conversion
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Note A, B,C, and D are 4 CPU bytes with A being the least signiﬁcani byte.
E and F are 2 AT bus bytes with E being the least significant byte.
G, H, I, and J are 4 Jocal RAM byies with G being the least significant byte.
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M 355 Pin Descriptions

5 Pin Descriptions

2.1 Pin Assignments
]
Table 2-1.  Pin Definitions

Pin # Symbol Type Signal Cescription

DO0-D3 83-86 Input/ The Dats bus signals DO through D31 are bi-directional lines used to

D4-D8 92:96 Output  connect the 82C355 1o the CPU bus, They are drivea by the 82C355

1591-1?)1103 13‘1”1’33 during DRAM reads, AT resds, DMA writes, and Master write
- - cies. 8mA drive capability.
DI14-D17 105-108 it 4
D18 110
D19-D23 112-116
D24-D25 118-119
D26-D28 35 o
D29-D31 79
MDO-MD4 24-28 Inpay Memory Dats Bis. The memory banks reside on this bes. The SD
MDEMDO 3238 Oatoot buz (AT bes) is derived from the MD bus, 8mA drive copability,
MD10-MD11 38-39 ’
MDI12-MD14 41-43
MDI15-MDI19  45-48,50
MD20-MBD24 52.56
MD25-MD26 58-59
MD27-MD31 63-67
MP<0:3> T1-80 Inpat/ Memory Parity bits. MPO through MP3 are inputs during read cycles
Output  and ouputs during write cycles. During read cycles these bits are
compared with intemafly generated perity bits to determine whether a
. parity error has occurred, _ N
“CAS<0:3> 6972 Input These are the -CAS byte enable coded lines from the 82C351, and are
uged 1o check Parity, Parity i checked on the rising ndge of -CAS for
DRAM read cycles. Only the bytes for which -CAS is active have
their parity checked,
-PEN T4 Input Parity enable {input from the 82C351). When low, parity is checked
for DRAM read cycles. When high, no parity checking is performed.
APAR T6 Output  Local Pasity emmor. This is the OR of the 4 parity error signals,
ANDed with PEN. This signal will go inactive on the next memory
read with proper parity for the byte which caused the emror.

HLDA1l 19 Input Hold Acknowledge to indicate 8 DMA cycle for control logic to
control the buffer directions. When high x DMA channel or AT bus
master has control of the bas. Used for data bus steering.

-ACEN 10 Inpat  Action Code enable is an active Jow input from the 82C351 used to
validute action code signals AC<D:3>. This signal follows the AT
bus IOR, MEMR, or INTA signals for CPU AT bus reads. For CPU
AT bus writes -ACEN is driven before the JOW or MEMW signals 10
provide data setop time. During DMA and bus master cycles, itis
always low.

AC<0:3> 11-14 Input  Action codes are four bit encoded commands from the 820351, They
are used for data bus sizing and byte assembly operstion. AC<0:3>
arc qualified by the -ACEN signal. Table 3-1, shown in Section I:
355 Functional Description, contains the action code definiron.
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|
Table 2-1.  Fin Definitions (continued)
Pin # Symbol Type Signal Daseription
-DRD 82 Input  DRAM READ is an active low signal. When active it enables data

from the MP bus tothe D bus. This signal determines the data
direction, 0=DRAM read cycle, 1=DRAM write cycle. It is used by
the parity Jogic. Parity is checked when -CAS goes high anly if DRD

iz low.

-ATEN 88 Input AT BUS ENABLE is an active low signal. When sctive, it indicates
_that the current cycle isto the AT bus.

SDIRD 16 Input  Bus direction for SD<(:7:>. Used for bus steering of the MD<0:7>

lines. When high, SDIRQ directs SD<0:7> away from the MD bus.
When low, SDIRO points SD<0:7> towards the MD Bus.

SDIRI 18 Tnput Buas direction for SD<8:15>. Used for bus steering of the MI<8:15>
Iines.
BWBUSY 20 Input Buffersd Writc Busy. This iz an sctive high signal nsed 1o Iatch the
data during write cyeles. The rising edge latches the CPU write data,
1DBEN 21 Input Local Dats Bus Enable is an active Jow signal enabling the data to flow

betwren the MDD and D bos and viee-verzs, This js active for CPU

DRAM, AT, and T/O cycles.

LDBDIR 22 Inpat  Local Data Bus direction. When low, data flows from the MD bus to
the D busee, When high, data path flows from the D 1o the MD bus.
vCcC 17,29,40, 49, +5 £5% Supply Voltage.
60,73, 87,
100, 109, 120
- . GND 6,15,23,31, Groond.
37,44, 51,57,
62,68,75,81,
- 91,97,104,
111,117
NC 1,2,30,61, No connect - These pins should be left floating.
89, 90
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2.2 Numerical Listing of Pin Assignments

B 355 Pin Descriptions

[
Table2-2.  Numerical Pin Definitions
Pin Signal Pin Signal Pin Signat Pin Signal
1 NC 3 Vi3 61 NC 91 Vs
2 NC a2 MD5 62 Vs 92 D4
3 D26 33 MD6 63 MD27 93 Ds
4 D27 34 MD7 64 MD23 04 D6 __
s D28 35 MDS8 65 MD29 95 D7
6 Vi 36 MD9 " 66 MD30 96 D8
7 D29 37 Vs 67 MD31 97 Vs
8 D30 38 MD10 68 Vss 98 D9
9 D31 39 MD1! 69 -CASO 99 D10
10 ~-ACEN 40 Vee 0 -CAS1 100 Vee
11 ACD 41 MDI12 73 -“CAS2 101 Dil
12 AC1 42 MDI12 72 “CAS3 102 D12
13 AC 43 MDi14 73 LCAS3 103 D13
14 AC3 44 Vis 74 -PEN 14 Vas
15 Vs 45 MD15 75 Vis 105 D14
16 SDIRO 46 MDI16 76 -LPAR 106 D15
17 Vee 47 MD17 7 MPO 107 D16
18 SDIR1 48 MD138 78 MP1 108 D17
1% HLDAL 49 Veo 79 MP2 109 Vee
20 BWRUSY 50 MD19 80 MP3 110 D18
21 -L.DBEN 51 Vis £1 Vs 111 Vix
22 LDEDIR 52 MD20 82 -DRD 112 D19
23 Vi 53 MD21 B3 DO 113 D20
24 MDO 54 -MD22 84 D1 114 D21
25 MD1} 55 MD23 85 D2 115 D22
_26_ MD2 56 MD24 86 D3 116 D23
27 MD3 57 Vis 87 Veo 117 Viz
28 MD4 58 MD25 1 -ATEN 118 D24
29 Vec 59 MD26 89 NC 119 D25
30 NC 60 Veo 90 NC 120 Vee
PRELIMINARY 105
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I
Table 2-3,

106

24 Alphabetical Listing of Pin Assignments

Alphabetical Pin Definitions
Signal Pin Signal Pin Signal Pin Signsal Pin
-ACEN 10 D18 110 MD12 41 PEN T4
ACD 11 D19 112 MD13 42 SDIRO 15
ACI 12 D20 113 MDi4 43 SDIR1 18
AC2 i3 D21 114 MD15 45 Veo 17
AC3 14 P22 115 MD16 46 Veeo 26
-ATEN 88 D23 116 MDI17 47 Ve 40
BWBUSY 20 D24 118 MDI1§ 43 Vee 49
-CASD 69 D25 119 MD1g 50 Vec 60
-CAS] 70 D26 3 MD20 52 Veo 73
CAS2 71 D27 4 MD21 53 Veo 87
-CAS3 72 D28 5 MD2z2 54 Vee 100
-DRD 82 D29 7 MD23 55 Veeo 109
DO 83 D30 g MD24 56 Veo 120
D1 84 D31 Q MD25 58 Viz &
D2 g5 HLDA1 19 MD2§ 55 Vi 15
D3 85 LDBDIR 22 MD27 63 Vi 23
D4 92 -LDBEN 21 MD23 &4 Vis 31
D5 93 -LPAR 76 MD29 65 Vis 37
D6 94 MDO 24 MD30 66 Vis 44
D7 95 MD1 25 MD31 67 Vi 51
DB 96 MD2 26 MFPO 77 Viz 57
Do o8 MD3 27 MP1 78 Vs 62
DI 99 MD4 28 MP2 79 Vis 63
D11 101 MD5 32 MP3 80 Vis 75
D12 102 MD& a3 NC 1 Viz 81
D13 103 MD7 34 NC 2 Vi 91
D14 105 MDg 35 NC 30 Vs 97
D15 106 MDo 36 NC 61 Vi 104
Die 107 MD10 38 NC 89 Vis 111
__p17 108 MDI11 39 NC 90 Vis 117
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25 Pin Diagram

| ]
Figure 21,  82C355 Bus Controller Pin Diagram
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IR 355 Physical Characleristics

Section 3

355 Physical Characteristics

3.1 Absolute Maximum Ratings

Symbol Min. Max. Units

S Voliage Vee 10 v B
Input Voltage v -5 5.5 v _
Output Voltage Yo =5 55 v
Operating Temperamre Top -25 4] C
Storage Temperamme Tag 40 125 C

Exposure to absolute maximum ratings conditions for extended periods may
affect device reliability. Exceeding the absolute maximum ratings can cause
permanent damage to the device.

3.2 Operating Conditions

Symbel Min. Max. Units

Supply Voltage Vee 4.75 525 v
Ambient Temperature Ta 70 c N
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B 355 DC/AC Charactetistics

Sectio

35 5 DC/AC Characteristics

b=

4.1 DC Characteristics

Symbol Min. Max. Unklts

Tnput low voltage v

TTL level 03 B v
Input high voltage Vi

TTL level 2.0 +0.3 v
Output fow voltsge Voi A5 v
Output high voltage Vonr 24

Tnput LOW current @ Vo = Vis In, -10 +10 pA
Input HIGH current (& Vo= Vdd I -10 10 HA
Output current low Tor

{all pins except -LPAR) -8 +8 pA
¢LPAR) IoL -4 +4 HA
Output current high Ton )
{All pins except -LPAR) ' -8 +8 pA
(-LPAR) Ion 4 +4 A
3-Stue output OFF current LOW Iom, -10 +10 MA
3-Swate output OFF aarrent HIGH Tozs ~10 +310 WA
Power supply current @25 Mz Ice ‘80 mA
Input capacitance Cin 10 pF
Outpat or I capacitance Cour 16 pF
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4.2 AC Characteristics

All timing parameters are specified under capacitive load of 50 pf and
temperatire of 70 degree C. All the units discussed in the following tming
tables are in nanoseconds, unless otherwise specified. Also, the AC
specifications mentioned in this document are subject 1o change.

[ |
Table 41.  Parity Timing

Table 4-2.  Data Paths

|
Table 4-3.  Parity Timing

Table 4-4. DataPaths

Parity Timing 25 MHz
Min, Max.
t519  -LPAR inactive delay from -PEN inactive ® 20
1521  -LPAR active delay from -PEN active 6 20
1522  MP<0:3> setup to SCAS inactive 5
1523  MP<0:3> valid from MD<0:31> 28
1524  MP<0:3> hold from -CAS insctive 5
Data F_'lths 25 MHz
Min. Max.
1555 MD bus semp 10 CAS<0:3> inactive 25
1556 MD bus hold to -CAS<C:3> insctive 10
t570 D bus to MD bus S0
571 <LBDEN low 10 DATA valid 39
t572 MDbusto Dbus 25
Parity Timing 33 MHz
Min. Max.
1519  -LPAR inactive delay from -PEN inactive i3
1521 ~LPAR active delay from -PEN active 6 18
1522  MP<035> setupto -CAS inactive 5
1523 WP valid from MD<D3 1> 23
1524 MP<0:3> hald from -CAS inactive 4
Data Paths 33 MHz
Min. Max.
t555 __MD bus setup to -CAS<D:3> inactive 25
1556 _MD bas hold to -CAS<0:3> insctive 10
1570 Dbusto MD bus 50
1571  -LBDEN low 1o DATA valid a9
1572  MDbustoDbus 25
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355 Timing Diagrams

I
Figure 5-1.  82C355 Write and -LPAR Parity
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Figure52.  82C355 MD to D Bus Delay

B 355 Timing Diagrams
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Figure 5-3.  82C355 D to MD Bus Delay and LBDEN Low to Data Valid Out
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Section 6

355 Physical Dimensions

6.1 82C355 Data Buffer ..

L
Figure 61,  120-Pin Piastic Flat Package

F
Lead Pitch | = I%

0.8 (0.315
Non- ="
=)

Accumaulative > B2C355
= BUS BUFFER -

27,8 (1.084)

Lead Width |
0.25 (0.010)."!._ =
0.45 (0.018) F ==

—

=0 ==

b

27.8 (1.094)
28.2 (1.110)
31.75 (1.250) N

Footprint >
‘ 32,40 (1.276)

Max Height a
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1

— b

Clearance - Lead Length

0.0 {(0.000) " 0.6 (0.024)
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Legend minimum in inches (minimum milimeters)
maximarm in inches (maximom milimeters)
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I 356 Functional Description

Section 1

356 Functional Description

1.1 +«Features

The 82C356 peripheral controller contains the address buffers used to interface
the local address bus A<2:23> and 1/O channel address bus SA<0:19>, Italso
contains an equivalent Integrated Peripheral Controller (JPC) that incorporates
two 8237 DMA controllers, two 8259 Interrupt Controllers, one 8254
Timer/Counter, and ar MC146818 RTC with CMOS RAM, in addition to
several other 55! interface logic devices.

1.2 Functional Subsystem |
The 82C356 peripheral controller consists of the following functional
subsystems as shown in Figure 1-1:

®  Address BUS interface between the A and SA buses
* 1O Address Decodes
* 14318 MHz oscillator crystal interface

* Yori B and NMI Jogic
* Integrated Peripheral Controller (IPC)
¢ Configuration Registers

Address Bus Interface Between A and SA Buses

The 82C356 interconnects the System Address bus SA<(:19> to the local bus
A<2:23>. The drivers provided are 24mA current drivers for direct connection
io ihe 150 channel address bus.

The buffers are controlled by ELDAI, -MASTER, -REF, and -ATEN to drive
the signals from the source to the target buses, Table 1-1 shows how the drivers
are configured between the buses for each type of active bus request. When
-REF is asserted, the refresh address is latched onto the SA bus as the refresh
row address and the refresh counter for the /O channel, residing in the 82C356,
is incremented. When none of the controlling signals are active, the defanlt
buffer direction is from the A bus to the SA bus for memory accesses initiated

ar tha MATTT T H YOTT nocemnad 7 ha addracons nen Totab ol o sl
by the CPU. For all CPU sourced accesses, the addresses are laiched on the
trailing edge of -MALE, ’ T
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I
Figure 1-1.  82C356 Block Diagram
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I
Table 1-2.

I 356 Functional Description

Address Buffer Function -
HLDA ATEN REF MSTR Mods Actlon
1] 1 1 1 NON-AT All buses are tri-stated in thix mode,
0 o 1 1 AT 1‘1:&84& bus XA <0:1> are driven by the
S,
0 1 0 1 REFRESH A<2:16> are disabled.
1 1 1 ¢ MASTER The SA bus drives the A bus and XA
<:1> while A<17:23> are tri-stated.
1 1 0 0 MASTER-REFRESH The A bu is disabled.
1 ] 1 1 DMA The 82C356 drives the A bus, the SA
bus, and XA<(:1>.
1.3 Address Decode

The 82C356 provides I/O decode for the keyboard controller. The signal
-8042CS provides the address decoding for the keyboard controtier. The
-8042CS output is an YO decode of addresses 60H and 61H.

1.4 Port B and NMi iogic
The 82C356 provides access to Port B defined for the PC/AT, as shown in Table
1-2. The NMI (non-maskable interrupt) circuitry latches and enables the I/O
channel check and parity error conditions. If the corresponding NMIs are
enabled in port B, & non-maskable interript is generated to the CPU and the
source of the NMI is recorded in port B. Reading port B indicates the source of
the error condition. The master enable for NMI generation (as defined for
PC/AT system at system 1/O port 70H, bit7) is implemented in the 82C356. If
this bit is set to 1, NMI generation is disabled and if set to U, it is enabled.

Port 61 Bit Definition
Address Bit  Function Description
61H Port B Register
7 Read only PCK - Systerm memeory parity check
3 Read only CHK - 1/O channel check.
3 Read only Tz - Timer 2 oui
4 Read only RFD - Refresh detect
3 Resd wrile EIC - Enable 1O channel check -
2 Read wrile ERP - Enable sysiem memory parity check
1 Resdwrite SPK - Speaker Data
0 Read write T2G - Timer 2 Gate Speaker

The 82C356 alsc accepts an NMI due to power fail, READY timenat, or from
the Power Control Unit (PCU) 82C636. The PCU is used to control power for
memory, serial port etc. This also provides slow DRAM refresh during standby

since the PCU can supply the PFAIL intermupt. Reg 26H<4> and Reg 26H<2>
are used to enable the NMI sourced from the PCU and READY timeout,
respectively. Reg 26H<3> and Reg 26H<0> indicate the source of the NMI.

PRELIMINARY
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15 Integrated Peripheral Controller

The Integrated Peripheral Controller (IPC) portion of the 82C356 is an LS
implementation of the standard peripherals required to implement an IBM
PC/AT system board. It contains the equivalent of two §237A DMA
Controliers, two 8259A Interrupt Controllers, an 8254 Counter/Timer, and an
MC146318 Real Time Clock with RAM. The IPC provides all the standard
peripherals required for a system board implementation except the keyboard
controller. Figure 1-2 illustrates the subsystems contained within the TPC.

|
Figure 12, Integraied Peripheral Conirolier Block Diagram
DREGA Aok
m-:.\u DMA ADETR,T/CAEN,HAG
ADOCRESS
HLDA CNTLR WATT STATE e OCHROY
CLK GENERAT ION
g =
~ACK MAP AiEZn
_CONFIG
EGISTER
INTR
1Ran INTR
ANTA CNTLR
TIMER
Gx OUTn
e COUNTER
REAL
TiME
ot CLOCK
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Two DMA Controllers are provided and connected in such a way as to provide
the user with four channels of DMA {DMAL1), for 8-bit transfers and three
channeis of DMA (DMAZ2), for 16-bit transfers (the first 16-bit DMA channel is

ll.Sﬂﬂ for cascaumg) lIlCll.lElﬁll, as pﬂl’l of the DMA suosys:cm. is ihe DMA rage
Register used to drive the upper address lines when required.

Sixteen interrupt channels are provided in the IPC. These channels are
partitioned into two cascaded controllers: INTC1 and INTC2, with 8 inputs
each. Of these 16 channels, three are connected internally to various devices,
allowing 13 user definable interrupt channels. The three internally connected
channels are as follows:

*  Channel () — Counter/Timer Conater 0 Interrunt

i) & e ave= W Z3e =

#  Channel 2 - Cascade to Siave Interrupt Controller INTC2)

*  Channel 8 —Real Time Ciock Interrupt

The remaining 13 channels may be defined and utilized as necessary to meet the
users specific system requiremenits.

A Counter/Timer (CTC) subsystem is provided containing three independent
counters. All three counters are driven from a clock input pin independent of all
the other clock inputs. Counter 0 is connected to Interrupt ¢ of INTC1. Itis
intended to be used as a multilevel interrupt to the systam for such tasks as time
keeping and task switching. Counter 1 may be programmed to generate pulses
or square waves for use by external devices. The third channel {Counter 2) is a
full function Counter/Timer which has a gated input for controlling the internal
counter. This channel can be used as an interval counter, a timer, or a gated
ate/pulse generator,

A Real Time Clock (RTC) is included in the 82C356 for maintaining the time
and date, This suhsystem also containg 114 bytes of CMOS RAM, in addition

SN RALARe A SAAD SR J AR BRASALS & LT ALY WRAS WA Serd VAN Al Y

to the Clock/Calendar. The Clock/Calendar mfonnat:on and RAM are kept
active by connecting the device to an external batiery when the sysiem power is
turned off.

L 3 P S —— PR, [, | R Ry Jug R

10 IIEICONNECL illl(l. CONUUVL #ll V1 UIESE mujur Squbelle, a Illu.ll.llb\"Cl CUHIIUI

section is employed which is divided into subsystems for purposes of discussion.

The frst section covers the Clock and Wait State Control. This subsystem
controls the generation of DMA wait states and the negation of IOCHRDY (if
programmed to do so) during CPU access of the device. ‘The Iast subsystem is
the Muliilevel Decode.

To accommodate over 200 registers in the 82C356 and maintain /0O decode
compatibility with the IBM PC/AT, a multileve! decode scheme is employed.
The multilevel decode subsystem performs the function of generating enables to
various subsystems, Control and direction of the XD0-XD7 data bus buifers are
also handled by this subsystem. The output buffers are enabled whenever an
enable is generated to an intemal subsystem and the -IOR signal is asserted.
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I
Tablo 7-3.

The multilevel decode subsystem provides 8 separate enables to various
subsystems of the IPC, Table 1-3 contains a truth table of the internal decode.

Integrated Peripheral Controller Internal Decode

-MSE
(AEN)

XA9

XAB

XAT XAG

XAS XA4 XA3 XA2 XAt XA0 Address Selected
Range Device

000-00F DMAL

(42 k] TR
LY/ 1 AN 1.1

022-023 CONFIG

040-043 CTC

070-071 RTC

080-02F _DMAPAG

YL, TR TR
UAWL-UA L LY A Sl

0C0-GDF DMA2

Digzabled

Disabled

bl It [ [aa [t Jos |t [ (et Jos {re

e hee It e bn o lo lo e lole

=i lo|lolo|lo|lele|ole

M | o [0 |20 |

P e jo o O[O

Pt |08 | e [0 fome O prt |7 |
i io = |olo|a (o
[0 194 o [0 |0d | M oo [0 [eo i
F C R PR Y ) e Y R ol
EF R B R R g b L R
N*NNNNNNNJM“

X Disabled
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Figure 1-3.

The decode is enabled by three signals: -MSE(AEN), XA9, and XAS. To
cnable any internal device, -MSE(AEN) must be 1 and XA9 and XAS must be 0.

The decode scheme employed in the 82C356 is designed to comply with the
IBM PC/AT requirements, and is more fully decoded. If the user wishes 1o take
advantage of the arcas unused by inserting additional peripherals in the IO map,
this may be done since the subsystems in the 82C356 do not respond o the
unused address spaces established by the multilevel decode. The extra
peripherals may be tied directly 1o the XD0-XD7 data lines since the IPC output
baffers are not enabled unless an internal subsystem is enabled.

1.7 Clock and Wait State Control

The Ciock and Wait Sate Control subsystem performs four functions: controi of
the DMA command width, control of the CPU read or write cycle length, and
selection of the DMA clock rate. All of these functions are user selectable by
writing to the Clock/Wait State Control Register.

ClockiWair State Control Register{023H) (Index O1H)

27
=5

tw
<
£

nt inn
S {84 {B3 ;B2 Bl |B

A7
[ T SeckWaitSun
Extanded Memory Enable
]_a-u:WanSme
- 165t Wait St
™ Roadwiite Wait State

1

Writing and reading this register is accomplished by first writing an 01H to
Tocation 022H 1o select the control register,and performing either a read or write
to location 023H.
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Clock Wait State: This bit allows the user to insert a divider between the
DMA Controller subsystems and the SCLK input pin, or connect the two
directly. When this bit position contains a 0, the SCLX input is divided by two
and is used to drive both the 8-bit and 16-bit DMA subsystems. A 1in this
position bypasses the divider and uses the SCLK input directly. Whenever the
state of this bit is changed, an internal synchronizer controls the actual switching
of the clock to prevent a short clock pulse from causing a DMA malfunction.
Extended Memory Function Enable: This bit enables the extended
-MEMR function, Normally, the assertion of -MEMR. is delayed one clock
cycle later than -IOW in the IBM PC/AT implementation (EMR=0). This may
not be desirable in some systems. A 1 programmed into this bit position starts
-MEMR at the same time as -IOW.

8-bit Walt State: Wait states may be inserted in 8-bit DMA cycles by
programming these two bits.

8BW1 _ 8WO 3-bit DMA Walt States
o 0 1 i
0 1 2
1 0 3
1 1 4

Further control of the cycle length is available through the use of the IOCHRDY
pin on the 82C356. During DMA, this pin is used as an input to the wait state
generation logic to extend the cycle, if necessary. This input is driven low by
the peripheral to extend the cycle. The cycle can then be completed by releasing
IOCHRDY and allowing it to return high.

16-bit Walt State: Wait states can be independently controlled for both 8-bit
and 16-bit DMA cycles. This allows the user to tailor the DMA cycie more
closely to the application.

16W1_ 16W0 16-bit DMA Wait States
0 0 1 i
o 1 2
1 4 3
1 i 4

Read/Write Walt State: When the higher speed CPU’s are accessing the IPC

subsystems, the cycie can be extended by programming up o four wait states
into the Configuration Register. This causes the IPC to assert a not ready
condition on IOCHRDY (low) whenever a valid decode from the Top Level
Decode is detected and either -IOR or -IOW js asserted. IOCHRDY remains
low for the number of wait states programmed into the clock/wait state control
register bits 6 and 7, Wait states are in increments of SCLK cycles and are not
affected by the DMA Clock Divider,

- RW1 RWO Raad/Write Cycle Walt States
1

i s | |
10 fe [

2
3
4
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The Configuration Register contents are preloaded by RESET4 to an initial
value of OCOH hex. This valse establishes a defanlt which is PC/AT compatible
and corresponds to:

Read/Write cycles 4 wait states

16 bit DMA transfers 1 wait state

8 bit DMA transfers 1 wait state
-MEMR delayed 1 DMA clock cycle later than -JOW
DMA clock is equal to SCLK/2

1.8 DMA Functional Description

The equivalent of two 8237A DMA controllers is implemented in the IPC
subsystem. Each controller is a four channel DMA device which generates the
memory addresses and conirol signals necessary to transfer information between
a peripheral device and memory direcily. This allows high speed information
transfer with little CPU intervention,

The two DMA Controliers are internally cascaded to provide four DMA
channels for transfers to 8-bit peripherals (DMA1) and three channels for
transfers to 16-bit peripherals (DMAZ2), DMAZ2 Channel O provides the cascade
interconnection for the two DMA devices; thereby maintaining IBM PC/AT
compatibility.

DMA cycle length control is provided internaily in the IPC subsystem allowing
independent control for both 8-bit and 16-bit cycles. This is done through the
programmable registers which can extznd command signals or insert wait states,

Each DMA Channel has a pair of 16-bit counters and a reload register for each
counter. The 16-bit counters allow the DMA to transfer blocks as large as
65536 words. The register associated with each counter allows the channel to
reinitialize without reprogramming. From this point on the description of the
DMA subsystem pertains to both DMA1T and DMAZ2, unless otherwise specified.

DMA Operations

During normal operation, the DMA subsystem is in either the Idle condition, the
Program condition or the Active condition. In the Idle condition, the DMA
conwoller executes cycles consisting of only one state, The idl= state ST is the
defaunlt condition, and the DMA remains in this condition unless the device has
been initialized, and one of the DMA requests is active; or the CPU attempts to
access one of the internal registers.

‘When a DMA request becomes active the device enters the Active condition and
issues a hold request to the system. Once in the Active condition the DMA
controtler generates the necessary memory addresses and command signals to
accomplish a memory-to-1/0, I/O-to-memory, or 2 memory-to-memory transfer.
Memory-to-1/0 and 1/0-to-memory transfers take place in one cycle, while
memory-to-memory transfers require two cycles. During transfers between
memory and [/0, data is presented on the system bus by either memory or the
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requesting device, and the wransfer is completed in one cycle.
Memory-to-memory transfers however, reguire the DMA to first store data from
the read operation in an internal register, and then write the stored data to
mémory on the subsequent cycle.

During transfers between memory and I/0, two commands are activated during
the same cycle. In the case of a memory-t0-1/0 transfer, the DMA controller
asserts both -MEMR and -IOW, allowing data to be transferred directly to the
requesting device from memory. Note that the 82C356 does not latch data from,
or drive data out, on this type of cycle.

Idle Condition

‘When no device is requesting service the DMA is in an Idle Condition which
maintains the state machine in the 81 state. During this time, the DMA
controller samples the DREQ input pins every clock cycle. The internal select
from the multilevel decoder and HLDA are also sampled at the same time to
determine if the CPU is attempting to access the internal regisiers. When either
of the above two situations occurs, the DMA exits the idle condition. Note that
the program condition has priority over the active condition since 8 CPU cycle
has aiready started.

Program Condition

The program condition is entered whenever HLDA is inactive and internat
select is active. During this time, address lines X A<0:3> become inpats if
DMAI is selected, or XA<1:4> become inputs if DMA?2 is selected. Note,
when DMA2 is selected, XAQ is ignored. These address inputs are used to
select the DMA controller registers which are to be read or written. Due to the
large number of internal registers in the DMA subsystem, an internal flip-flop
bit is used to supplement the addressing of the count and address registers. This
bit is used to select between the high and Iow bytes of these registers. The
{lip-fiop toggles each time a read or write occurs to any of the word count or
address registers in the DMA, This internal flip-flop can be cleared by RESET4
or a Master Clear command, and can be set or cleared by the CPU issuing the
appropriate command.

Special commands are supported by the DMA subsystem in the program
condifion to control the device. These commands do not make use of the data
bus, but are derived from a set of addresses, the internal select and -IOW or
-IOR. These commands are Master Clear, Clear Register, Clear Mode Register
Counter, Set and Clear Byte Pointer Flip-Flop.

The IPC subsystem enables programming whenever HLDA has been inactive
for one DMA clock cycle. Itis the responsibility of the system to ensure that
programming and HLDA are mutsally exclusive. Erratic operation of the DMA
controller can occur if a request for service occurs on an unmasked channel
which is being programmed. The channel should be masked or DMA disabled
to prevent the DMA controller from attempting to service a device with a
channel that is partially programmed. , . e
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Active Condition

‘The IPC DMA subsystem enters the active condition whenever a software

request ocours, or a DMA request on an unmasked channel occurs, and the
device is not in the program condition. The DMA coatrclier then beginsa
DMA tranisfer cycle.

In & read cycle, for example, after receiving a DREQ, the DMA controller issyes
an HRQ to the system. Until an HLDA is returned, the DMA controller remains
in an idle condition. On the next clock cycle, the DMA controller exits Idle and
enters state SO. During S0, the device resolves priority and issue -DACK on the
highest priority channei requesting service. The DMA controller then proceeds
to state S1 where the multiplexed addresses are output and Iatched. State S2is
then entered, at which time the DMA controller asserts -MEMR, The device
then transitions into $3 where the -IOW command is asserted. The DMA
controller remains in §3 untl the Wait State counter has decremented to zero
and IOCHRDY is true. Note that at least one additional 53 occurs, unless
Compressed Timing is selected. Once IPCHRDY is trug, the DMA, controller
enters 84 where both commands are deasserted. In Burst Mode and Demand
Mode (discussed in the following sections), subsequent cycles begin in S2
urless the intermediate addresses reguire updating. In these subsequent cycles,
the lower addresses are changed in 32. The DMA controller can be ‘
programmed on a channel by channel basis to operate in one of four modes:

* Single Transfer Mode 1
*  Block Transfer Mode 1
*  Demand Transfer Mode

®*  (ascade Mode

Single Transfer Mode

This mode directs the DMA controller to execute only one transfer cycle at a
time. DREQ must be held active until -DACK becomes active. If DREQ is
held active throughout the cycle, the DMA controller deasserts HRQ and
releases the bus once the transfer is complete. After HLDA has gone inactive,
the DMA controlier again asserts HRQ and executes another cycle on the same
channel, unless a request from & higher priority channel has been received. In
this mode the CPU is ensured of being allowed 10 execute at least one bas cycle
between transfers. '

Following each transfer, the word count is decremented and the address is
incremented or decremented. When the word count decrements from 0000H to
FFFFH, the terminal count bit in the status register is set and a TC pulse is
generated. H the autoinitialization option has been enabled, the channel
reinitializes itself. If autoinitialize is not selected the DMA controller sets the
DMA request bit mask and suspends transferring on the channel.
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Block Transier Mode

When Block Transfer Mode is selected, the DMA controller begins transfers in
response 1o either a DREQ or a software request and continues until a terminal
count of FFFFH is reached; at which time, TC is pulsed and the stams register
terminal count bit is set. In this mode, DREQ nead only be beld active until
-DACK is asserted. Autoinitialization is also operational in this mode.

Demand Transfer Mode

In Demand Transfer mode, the DMA begins transfers in response to the
assertion of DREQ and continues until either terminal count is reached, or
DREQ becomes inactive, This mode is normally used for peripherals which
have limited buffering availability. The peripheral can initiate a transfer and
continue unti! its buffer capacity is exhausted. The peripheral may then
re-establish service by again asserting DREQ. During idle periods between
transfers, the CPU is released to operate and can monitor the operation by
reading intermediate values from the address and word count registers. Once
DREQ has been deasserted, higher priority channels are allowed o intervene.
Reaching terminal count results in the generation of a TC pulse, the setting of
the terminat count bit in the status register and autoinitialization (if enabled.)

Cascade Mode
This mode is used to interconnect more than one DMA controller, to extend the

mavsenhoam AFTIRA A nbvnememala wwhila sveanseeriose the mesnetter abhntm  To ™oomnda
FIUILILAA WL LAIVLSY WEMAILINGID WLV IPAMDUL VLY WG DLIVLILY L. JE Seadhealic

mode, the master DMA controfler does not generate address or control signals.

The DREQ and -DACK signals of the master are used to interface the HRQ and

HLDA signals of the slave DMA devices. Once the master has received an
HLDA from the CPU in response to a DREQ caused by the HRQ from a slave
DMA Controller, the master DMA controller ignores alt inputs except HLDA
from the CPU and DREQ on the active channel. This prevents conflicts
between the DMA devices.

Fignre 1-3 shows the cascade interconnection for two DMA devices. Note that
Channel 0 of DMAZ is intemnally connected for Cascade mode to DMAL
Additional devices can be cascaded to the available channels in either DMAT or

DMA? since cascade is pot lumted to two levels of DMA controliers.

When programming cascaded controllers, begin with the device that is actually
generating HRQ 1o the system (first level device), then proceed to the second
level devices. RESETY causes the -DACK outpats to become active low and
are placed in the inactive state. To allow the internal cascade between DMAL
and DMA2 to function correctly, the active Jow state of -DACK shovld not be
modified. This is becanse the DMA controllers have an inverter between
-DACKO of DMAZ? and HLDA of DMA1. The first level device’s DMA
request mask bit prevents second level cascaded devices from generating
unwanied hold requests during the initialization process.
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Figure 1-4.

Cascade Mode Interconnect

10

1.9 DMA Transfers

Four types of transfer modes are provided in the DMA subsystem, These
transfer types are: Read Transfer, Write Transfer, Memory-to-Memory
Transfer, and Verify Transfer.

Read Transfer — Read transfers move data from memory to an YO
device, by generating the memory address and asserting -MEMR and -IOW
during the same cycle.

Write Transfer — Write transfers move data from an I/0 device to
memory by generating the memory address and asserting -IOR and
-MEMW during the same cycle.

Memory-to-Memory Transfer — The memory-to-memory transfer is
used to move a block of memory from one kocation in memory to another.
DMA channels 0 and 1 may be programmed 1o operate as
memory-to-memory channels by setting bits in the Command Register.
Once programmed to perform a memory-to-memory tranfer the process can
be started by generating either a software or an extemal request to

channel 0. Once the transfer is initiated, Channel ¢ provides the address for
the source block during the memory read portion of the cycle. Channel 1
generates the address for the memory write cycle. During the read cycle, a
byte of data is laiched in the interna! Temporary Register of the 82C356.
The contents of this register are then placed on the XD<0:7> data lines
during the write portion of the cycle and subsequently written to memory.
Channel 0 may be programmed {0 maintain the same source address on
every cycle. This allows the CPU to initialize large blocks of memory with
the same vaiue. The DMA controiler will coniinue performing ransfer
cycles until Channel 1 reaches termingl count.

Verify Transfer — The verify transfer is a pseudo-transfer which is nseful
for diagnostics. In this type of transfer the DMA will operate as if it is
performing a Read or Write Transfer by generating HRQ, addresses and
-DACK bat will do so without asserting a command signal. Since no
transfer actually takes place FDCHRDY is ignored during Verify transfer
cycles.
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1.10 Autoinitialization

Each of the four DMA channel Mode Registers contains a bit which causes the
channel 1 to reinitialize after reaching terminal count. During this process,
referred to as autoinitialization, the Base Address and Base Word Count
Registers, which were originally written by the CPU, are reloaded into the
Current Address and Current Word Count Registers (both the base and current
registers are loaded during a CPU write cycle). The base register remains
unchanged during DMA Active cycles and can only be changed by the CPU, i
the channel has been programmed to autoinitialize, the request mask bit will not
be set upon reaching teeminal count. This allows the DMA to continue
operation without CPU intervention.

During memory-to-memory transfers the Word Count Registers of both Channel
0 and Channe! 1 must be programmed with the same starting value for full
autoinitialization. If Channe! 0 reaches terminal count before Charnel 1, then
Channel 0 will reload the starting address and word count and continue
transferring data from the beginning of the source block. Should Channel 1
reach terminal count first, t will reload the current registers and Channel  will

1.11 DREQ Priority

The DMA subsystem supports two schemes for establishing DREQ) priority.
The first is fixed priority which assigns priority based on channel position, In
this method, Channel 0 is assigned the highest priority. Priority assignment then
progresses downward through the channels in order; with Channel 3 receiving
the lowest priority.

The second type of pricrity assignment is rotating priority In this scheme, the
ordering of priority from Channel 0 to Channel 3 is maintained, but the actual
assignment of priority changes. The channel most recently serviced is assigned
the lowest priority and, since the order of priority assignment remains fixed, the
remaining three channels rotate accordingly. The rotating priority assignment is
illustrated in Table 1-4.

I
Yable 1-4.  Roiating Priority Scheme
First Priority
Arbltration
Highest
Lowest
CHIPS and Tachnologies, Inc. PRELIMINARY k1|
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Note  Inthe preceeding table, a box around a channel number indicates a requested
channel.

In instances where multiple requests occur at the same time, the IPC jssues an
HRQ but does not frecze the priority logic until HLDA is returned. Once
HDLA becomes active, the pricrity logic is frozen, and -DACK is asserted on
the highest requesting channel. Priority is not re-evaluated until HLDA has
been deactivated.

1.12 Address Generation

‘The DMA Page Register generates A<17:23>, During 16-bit DMA transfers,

X A0 and XA16 remain inactive, The DMA Page Register is a set of 16, 8-bit
registers in the IPC which are used to generate the high order addresses during
DMA cycles. Only 8 of the registers are actnally used, but all 16 are included to
maintain IBM PC/AT compatibility. Each DMA channel has a register
associated with it, with the exception of Channel G of DMAZ2, which is used for
internal cascading to DMA1. Assignment of each of these registers is shown in
Table 1-5 along with its Read/Write address.

Table 1-5.  DMA Address Extension Map

Address  Rggigter Function

080H Unused
081H £-bit DMA Channel 3 (-DACK3)
082H 8-bit DMA Channel 2 {-DACKZ)
D83H 3-bit DMA Channel 1 (-DACK1)
084H Upused
085H Unused
0R6H Unused
087H £-bir DMA, Channel 0 (-DACKO)
038H Unused
OBSH 16-bit DMA Channel 2 (-DACKS)
O3AH 16-bit DMA Channel 3 (-DACKY)
08BH 16-bit DMA Channel 1 (-DACKS)
O8CH Unuzed
Q8DH Unused
DREH Tnnaed

Daring Demand and Block Transfers, the JPC gencrates multiply sequential
transfers. For most of these transfers the information in the intemal address
latches remains the same, eliminating the need to be relatched. Since the need
to update the latches occrs only when a carry or borrow from the lower 8-bits
of the Address Counter exists, the IPC only updates the latch contents when
necessary. The IPC therefore, only executes S1 cycles when necassary,

resulting in an overall through-put improvement.
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1.13 Compressed Timing

The DMA subsystem in the 82C356 can be programmed to transfer a word in as
few as 3 DMA clock cycles. The normal DMA cycle consists of three states:
82, 53, and S4 (this assumes Demand or Block Transfer Mode). Normal
transfers require 4 DMA clock cycies since 83 is executed twice due to the 1
wait state insertion. In systems capable of supporting high through-put, the IPC
can be programmed to omit one S3 and assert both commands in S2. $2 begins
the cycle by generating the address and asserting both commands. One 83 cycle
is executed and the cycle terminates in $4. If Compressed Timing is selected,
TC is active in S2. Note that Compressed Timing is not allowed for
memory-to-memory transfers.

1.14 Register Descriptions

¢  Current Address Register — Each DMA channel has a 16-bit Current
Address Register which holds the address used during transfers. Each
channel can be programmed to increment or decrement this register
whenever a transfer is completed. This register can be read or written by
the CPU in consecutive 8-bit bytes. If autoinitialization is selected, this
register is reloaded from the Base Address Register upon reaching terminal
count in the Current Word Count Register. Channel O can be prevented
from incrementing or decrementing by setting the Address Hold Bit in the
Command Register.

*  Current Word Count Register — Each channel has a Current Word
Count Register which determines the number of transfers to perform. The
actual number of transfers performed is one greater than the value
programmed into the regisier. The register is decremented after each
transfer umtil it rolls over from zero to FFFFH. When this occurs, the DMA
controller generates TC and either suspend operation on that channel and
set the appropriate Request Mask Bit or Antoinitialize and continue.

* Base Word Count Register — This register preserves the ititial value of
the Cwrent Word Count Register. It is also a write only register which is
loaded by writing to the Current Word Count Register. This register is
loaded in the Current Word Count Register during autoinitialization.

* Command Register — This register controls the overall operation of a
DMA subsystem. The register can be read or written by the CPU and is
cleared by either RESET4 or a Master Clear command.

Figure 1-5.  Clock/Wait State Control Register (023H}) (Index 01H)

B7 |B6 [B5 {B4 |B3 {B2 |B1 {BO
I l——— Memory-to-Memory
Address Hold

Controller Disable
Compressed Timing
Rotating Priority
Exiended Write
DREQ

-DACK
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Figura 1-6.

Memory-to-Memory A 1 in the bit O position enables Channel  and Channel
1 to be used for memory-to-memory transfers.

Address Hold Writing a 1 enables the address hold feature in Channel 0
when performing memory-to-memory transfers.

Controller Disable Bit 2 is the master disable for the DMA controller.
‘Writing a 1 to this location disables the DMAsubsystem (DMAI1 or DMA2).
This function is normaily used whenever the CPU needs to reprogram one of the
channels to prevent DMA cycles from occurring.

Compressed Timing Compressed timing is enabled by writing a 1, The
default 0 condition canses the DMA to operate with normal timing.

........

nUldllllg l'llu"l., wmmg & I causes the bMJO o uuuzc i Mlg pnmty

scheme for honoring DMA requests. The defanlt condition is fixed priority.

Extended Wrlte Extended Write is enabled by writing a 1 to 5 bit, causing
the write commands to be asserted one DMA cycle eariier during 2 transfer,
The read and write commands both begin in state 82 whea enabled.

DREQ DREQ active level is determined by bit 6. Writing a 1 in this bit
position causes DREQ to become active low.

=DACK .DACK active leval is datermined by bit 7. Programming a 1 in thi

- L A A A € W B W S0 SAW RS 54 LALLM VAR fa LAV EALUL "‘"B ARRE3

bit position makes DACK an active high signal.

Mode Register

Each DMA channel has an associated Mode Register. All four Mode Registers
reside at the same [/O address. Bits { and 1 of the Write Mode Register
command determines which channel's Mode Register is written. The remaining
six bits control the mode of the selected channel. Each channel’s Mode Register
can be read by sequentially reading the Mode Register location. A Clear Mode
Register Counter command is provided (o allow the CPU to restart the mode
read process at aknown point. During mode read operation, bits ¢ and 1 will
both be 1.

Mode Register

B7 {B6 |B5 |B4 {B3 B2 Bl {BO

| =1 Channel Setect
. _I— Transfer Type
~_ Autoinitialization
Address Counter

]_ Mode Selection
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Table 1-6.

T
Table 1-7.

|
Table 1-8.

Channel Select <0:1»>: Channel Select bits 1 and 0 determine which

channel’s Mode Register is written.
Channel Selector
€s1 CS0  channel

0 0 Channel 0 Select

0 1 Charmnel 1 Select

1 0___ Channel 2 Select

1 1 Channel 3 Select L o
Transfer Type <0:1>: Bits 2 and 3 contro! the type of transfer to be
Transfer Type

4] 0 Verify Transier

o 1 Writs Transfer

1 0 Read Transfer

1 1 Dicpal

Autolnitialization 1: Autoinitilization function is enabled by writing a 1 in

bit 4 of the Mode Register.
Address Counter: Bit 5 determines the direction of the address counter, as

well as the address afier the transfer. A O increments the address after each

‘W 356 Functional Description

transfer. A 1 decrements the address after each transfer,
Mode Selection <0:1> Mode Selection for each channel is accomplished by

bits 6and 7.
Mode Selection
M1 MO pmode

0 4] Demand Mode

0 1 Single Cycle Mode

1 0 Block Mode

1 1 Cascade Mode
Request Register

‘This four bit register is used to generate software requests (DMA service can be
requested either externally or under sofiware control). Reqguest Register bits can
be set or cleared independently by the CPU. The Request Mask has no effecton
software generated requests. All four bits are read in one operation and appear

in the lower four bits of the byte. Bits 4 through 7 are read as ones. All four
request bits are cleared to zero by RESET4.

PRELIMINARY
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Figure 1-7.

Tabla 1-9.

Figure 1-8.

Request Register Write Operation

B7 |B6 [BS {B4 B3 {B2 |Bl1 |BO

| L—————]_ Request Select

Request Bit

Unused

Request Select <0:1>: Channel Select 0 and 1 determines which channel’s
Mode Register is written. Read back for the mode register results in bits G and 1
being ones,

Reguest Channel Select

RS1 RS0 channel

0 0 Chammel () Select
e 1 Channe] 1 Select
1
1

0 Channel 2 Select

1 Channel 3 Select

Request Bi: The request bit is set by writing a 1 1o bit 2. RS1-RS0 selects
which bit (channel) is to be manipulated.

Format for the Request Register read operation is shown as follows:

Request Register Read Operation

B7 |B6 |B5 |B4 |B3 |B2

Request Channel

BE_’?_—}

Request Channel <0:3>: Puring s request Register read, the stats of the
request bit associated with each channel is returned in bits O through 3 of the
byte. The bit position corresponds to the channel number,
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Table 1-10.

Figure 1-10.
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Request Mask Register

‘The Request Mask Register is a set of four bits which are used to inhibit
external DMA requects from generating transfer cycles, This register can be
programmed in two ways. Each channel can be independently masked by
writing to the Write Single Mask Bit location. The data format for this
operation is shown as follows.

Register Mask Register Set/Reset Operation

B7 |B6 |BS |B4 {B3 |B2 |B1 |BO _
|. L———]_MaskSelect

Mask Bit

Unused

Mask Select<0:1>: These two bits select the specific mask bit which is to be
set or reset.

Mask Channel Select

MS1  MS0  channel

0 0___ Channel 0 Select
0 1 Chanmell Sclect
1 0 Charmel2 Select
1 1 Channel3 Select

Mask BIt: Bit 2 sets or resets the request mask bit for the channel selected by
MS1 and MS0). Writing a 1 in this bit position sets the mask, inhibiting
external requests.

Alternately, all four mask bits can be programmed in one operation by writing to
the Write All Mask Bits address. Data format for this and Read All mask Bits
function is shown as follows:

Request Register Read Operation
B7 {B6 {B5 |B4 {B3 |B2 |B1 {B0O
[ =
— Mask Bit
-1
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Figure 1-11.

Mask Bit <0:3»: Each bit position in the field represents the mask bit of a
channel. The mask bit umber corresponds to the channel number associated
with the mask bit. All four mask bits are set following a RESET4 or 2 Master
Clear command, Individual channel mask bits are set as a result of tenminal
coint being reached if Autoinitialize is disabled. The entire register can be
cleared, enabling all four channels, by performing a Clear Mask Register
operation.

Status Register

The status of all four channels can be determined by reading the Status Register,
Information is available to determine if a channel has reached terminal count
and wheiher an exiermnal service request is pending. Biis 0-3 of this regisier are
cleared by RESET4, Master Clear, or each time a Status Read takes place.

Bits 4-7 are cleared by RESET4, Master Clear, or the pending request being
deasserted. Bits 4-7 are not affected by the state of the Mask Register Bits. The
Channel number corresponds to the bit position.

Status Read Only Register

B7 {B6 [B5 B4 |B3 |B2 |B1 |BO

Temporary Register

The Temporary Register is used as a temporary holding register for data during
memory-to-memory transfezs. The register is loaded during the first cycle of a
memory-io-memory transfer from XD<(7>. During the second cycle of the
transfer, the data in the Temporary Register is placed on the XD<0:7> pins.
Data from the last memory-to-memory transfer remains in the register unless a
RESET4 or Master Ciear occurs.

Special Commands

Five Special Commands are provided to make the task of programming the
DMA controlier easier. These commands are activated as a result of a specific
address and assertion of either a -IOR or .-IOW. Information on the data lines is
ignored by the 82C356 whenever an -IOW activated command is issued, thus

data returned on -IOR activated commands is invalid.
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Clear Byte Polinter Flip-Flop: This command is normally executed prior 1o
reading or writing to the address or word count register. This initfalizes the
flip-flop to point o the low byte of the register and allows the CPU to read or
write the register bytes in correct sequence. '

Set Byte Pointer Flip-Flop: Seiting the Byte Pointer Flip-Flop allows the
CPU 1o adjust the pointer to the high byte of an address or word count register.

Master Clear: This command hac the same effect as g hardware RESET. The

Command Register, Status Register, Request Register, Temporary register,
Mode Register Counter and Byte Pointer Flip-Flop are cleared and the request
Mask Register is set. Immediately following Master Clear or RESET4, the
DMA will be in the Idle Condition, -
Clear Request Mask Register: This command enables all foar DMA
channels to accept requests by clearing the mask bits in the register.

Clear Mode Register Counter: In order to allow access to four Mode
Registers while only asing one address, an additional counter 1s used. After
clearing the coumter all four Mode Registers may be read by doing successive
reads to the Read Mode Register address. ‘The order in which the register is read
is Channel O first, Channel 3 last.

1.15 Interrupt Controller Functional Description

‘The programmable interrupt controllers in the 82C356 functions as a system
wide interrupt manager in an JAPXS86 system, They accept reguests from
peripherals, resolve priority on pending interrupts and interrupts in service, issue
an intermpt request to the CPU, and provide a vector which is issued as &n index
by the CPU to determine which interrupt service routine to execate.

A variety of priority assignment modes are provided, which can be reconfigured
at any time during system operation; allowing the complete interzupt subsystem
12 be restructured, based on the system.

Interrupt System

Two interrupt controllers, INTC1 and INTC2, are included in the 82C356. Each
of the interrupt controllers are equivalent to an 8259A device operating in
TAPX86 Mode. The two devices are interconnected and must be programmed to
operate in Cascade Mode (see Figure 1-12) for proper operation of all 16
interrupt channels. INTC1 is located at addresses (20H-021H and is configured
for Master operation (defined below) in Cascade Mode. INTC2 is a Slave device
(defined below) and is located at 0AGh-OA1H. The Interrupt Request output
signal from the INTC2 (INT) is internally connected to the interrupt request
input Channel 2 (IR2) of the INTCI. The address decoding and Cascade
interconnection matches that of the IBM PC/AT.
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Figure 1-12.

Internal Cascade Interconnect

INTCY

=HNTA

INT
"
CAs2
CAS1
CASG

NTCD

NTA CARC

CAS1
CAS2
INT
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I
Table 1-11.

Two additional interconnections are made to the interrupt request inpuis of the
intezrupt controllers. The output of Timer 0 in the Counter/Timer subsystem is
connected to Channel 0 (IR0) of INTC1. Interrupt request from the Real Time
Clock is connected to Channel 0 (JRO) of INTC2, Table 1-1] lists the 16
interrupt channels and their interrapt request source.

Description of the Interrupt Subsystem pertains to both INTC1 and INTC2
unless otherwise noted. 'Wherever register addresses are usad, the address for
the INTC1 register is listed first and the address for the INTC2 register follows
in parenthesis. For Example, 020H (0AOH) indicates 020H is the address for

INTC1 and OAOH is for INTC2.

Interrupt Request Source Environment

Controlier Number Channel Number [nterrupt Requ.ﬁ Source
INTCI1 IR0 Counter/Timer Out O
INTCI IR1 TRQ1 Iput Pin
INTC1 IR2 INTCZ Cascade Interrapt
INTC1 IR3 IRQ3 Input Pin
INTC! R4 IROM4 Inpunt Pin
INTCI IRS IRQS Inpat Pin
INTCL Ré TRQS Inpa Pin
INTC1 R7 IRQ7 It Pin
INTC2 IR0 Reat Time Clock TRQ
INTC2 RI IRQS gt Pin
INTC2 IR2 IRQ10 Input Pin
INTC R ROI1 Input Pin
INTC2 IR4 IRQI2 Input Pin
INTCZ RS TRQ13 Inout Pin
INTC2 IR6 IRQ 14 l!pﬂtPE_
INTCZ ®7 TRQ1S Inpu: Pin
PRELIMINARY " CHIPS and Technologies, inc.
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1.16 Controller Operation

Figure 1-13 is a block diagram of the major elements in the intecrupt controller.
The Interrupt Request Register (IRR) is used to store requests from all of the
channels that are requesting service. Intermupt Request Register bits are labeled
using the Channel Name IR<();7> The In-Service Register (ISR} contains all
the channels which are currently being serviced (more than one channe! can be
in service at a time). In-Service Register bits are labeled IS<(:7>, The Interrupt
Mask Register (IMR) atiows the CPU to disable any or all of the intermapt
channels. The Priority Resolver evaluates inputs form the above three register,
issues an interrupt request, and latches the corresponding bit into the In-Service
Register. During interrupt acknowledge cycles, a master controlier outputs a
code to the slave device which is compared in the Cascade Buffer/Comparitor
with a three bit ID code previously written. H a match occurs in the slave
controller, it will generate an interrupt vector. The contents of the Vector
Register are used to provide the CPU with an intermupt vector during Interrupt
Acknowiedge (INTA) cycies.

Interrupt Controller Block Diagram

[

J IN-SERVICE
REGISTER

.

INTERRUPT
REQUEST
REGISTER

PRIORITY I

RESOLVER

INTERRUPT
MASK
REGISTER

8

COMPARATOR REGISTER

CASCADE ;l VECTOR S
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1.17 Interrupt Sequence

The Interupt Controller subsystem altows the CPU to perform an indirect jump
10 a service routine in response 10 a request for service from a peripheral device.
The indirect jump is based on a vector which is provided by the Interrupt
Controlier on the second of two CPU generated INTA cycles (the first INTA
cycle is used for resolving priority and the second cycle is for transferring the
vector 1o the CPU), as shown in Figure 1-14, The events which occur during an
interrupt sequence are as follows:
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Figure 1-14.  Interrupt Sequence

INTERRUPT MUST REMAIN ACTIVE UNTIL
THE FIRST INTA CYCLE BEGINS

m_\__/ \‘I( \

nr / G

CASCADE PRIORITY RESOLVED

e L/ N e
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1. One or maore of the interrupt requests (IR7-IR0} become active, setting the
corresponding IRR. bit(s).

2. The interrupt controtlier resolves priority based on the state of the IRR, IMR,
and ISR and asserts the INTR outpat if appropriate.

3. The CPU accepts the interrupt and responds with an INTA cycle.

4, During the first INTA cycle, the highest priority ISR bit is set and the
corresponding IRR bit is cleared. The internai Cascade address is generated
and XD<0:7> remain tri-stated.

5. The CPU will execute a second INTA cycle, during which the Interupt
Controller will drive an 8-bit The format of this vector is shown in
Table 1-12. Note that V<3:7> in Table 1-12 are programmable by writing to
Initialization Control Word 2 (see Section 1.19 Programming the Interrupt
Controller, Subsection titled Initialization Command Werds).

6. Atitheend of the second INTA cycle, the ISR bit is cleared if the Automatic
End Of Interrupt mode is selected (see Section 1.18 End Of Interrupt).
Otherwise, the ISR bit must be cleared by an End Of Interrupt (EQT)
command from the CPU at the end of the interrupt service routine.

If no interrupt request is present at the beginning of the first INTA cycle (i.c., a
spurious interrupt) INTC]1 issues an interrupt level 7 vector during the second

INTA cycle.

||

Table 1-12. Inierrupt Vector Byte
iRQ D7 D& DS D4 D3 D2 D1 Do
IRQ7 Vi__ V6 V5§ V4 W3 1 1 1
RQ6 V7 Y6 V5 V4 V3 1 1 0
IRQS V7 V6 h'] V4 Vi 1 a 1
R4 V7 Vé V5 V4 V3 1 0 4]
RO3 v7 Vé Vs V4 V3 0 1 1
mO2 v7 Vé V5 V4 hx] 0 1 0
RQ1 v7 Vé V5 v4 V3 0 0 1
RQO V7 Vé Vs V4 Vi 0 0 0
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1.18 End of Interrupt

End of Interrupt (EOI) is defined as the condition which causes an ISR bit to be
cleared  Determination of which ISR bit is to be reset can be done by a CPIUI
command (specific EOI) or, the Priority Resolver can be instructed to clear the
highest priority ISR bit (non-specific EOI).

The 82356 can determine the correct ISR bittowsetwhenoperated in modes

[y ey e S

which do not alier the fully nested struciure, since the current highest priotily
ISR bit is the last level acknowledged and serviced. In conditions where the
fully nested structure is not preserved, a specific EOI must be generated at the
end of the interrupt service roatine. An ISR bit that is masked, in Special Mask
Mode by a IMR bit, will not be cleared by 2 non-specific EOI cnmmand_ The
interrapt controlier can optionally generate an Automatic End Of Inwrmpt
{AEOTI) on the trailing edge of the second INTA cycle.

Priority Assignment

Assignment of priority is based on an interrupt channel’s position relative to the
other channels in the interrupt controller. After the initialization sequence, IR0

hac the highegt nﬁt\_r;hr TR'7 hae tha lawast and nnnﬂrv ncctcnmpnf ic fixed

A

(Fixed Pnonty Mode). Priority assignment can be rotated en.her manually
(Specific Rotation Mode) or antomatically (Automatic Rotation Made) by
programming Operational Command Word 2(0CW2).

o IO Y P PR TR SR I SR R DIY S PRSPt DY S BN SV SPGRY JA
FIXed riviny moue. 1ms 1s Hic QSiamii CONUEUMt WIRICH EXISIS UIUess

_rotation {either manual or automatic) is enabled, or the controller is programmed

for Polled Mode. In Fixed Priority Mode, interrupts are fully nested with
priority assigned as shown:

Fixed Priority Mode Interrupts
i';’f.'f.? Lowest Highest
7 6 5 4 3 2 1 0

Nesting allows interrupts of a higher priority to generate interrapt requests prior
to the completion of the interrupt in service. When an interrupt is
acknowledged, priority is resolved, the highest priority request’s vector is placed
on the bus and the ISR bit for that channel is set. This bit remains set until an
EOI (automatic or CPU generated) is issued to that channel. While the ISR bit
is set, all interrupts of equal or lower priority are inhibited. Note that a higher
priority interrupt which occurs during an interrupt service routine, will only be
acknowledged if the CPU has internally re-enabled the interrupts,

Specific Rotation Mode: Specific Rotation allows the system software to
re-assign priority levels by issuing a command which redefines the highest
priority channel,
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]
Table 1-14.

L
Tabls 1-15,

e
Table 1-16.

Before Rotation
Priority 1 owest Highest
7 [ 5 4 3 2 1 0

{specific rotation command issaed with Channel § specified)

After Rotation
Priotity
Status Lowast Highest
5 4 3 2 1 0 7 6

Automatic Rotation Mode: In applications where a number of equal
priority peripherals are requesting interrupts, Automatic Rotation may be used
10 equalize the priority assignment. In this mode a peripheral, after being
serviced, is assigned the lowest priority. All peripherals connected to the
controller will be serviced at least once in 8 interrupt requests to the CPU from
the controller. Automatic rotation will occur, it enabled, due to the occurrence
of EOI (automatic or CPU generated).

Before Rotation (IR4 is highest priority request being serviced)

1SR 157 156 1S5 154 Is3 52 151 150
Status

Bit 0 1 0 1 0 0 ) 0
Priori!
s‘.m‘: Lowast Highest
7 [ 5 4 3 2 1 [4]

ISR IS7 1S6 85 IS4 1S3 152 151 150
Status
Bit 0 1 0 0 0 0 0 Q
Priority
Status Loweast Highest
4 3 2 1 0 7 6 5
LI ¥ P sommnan oo Ton o Slum FonZammrisnd Mo celualfas
L 1 rregrdiinming ine Hieimrupt VoIrraiier

Imuahzanon Command Words (JCWs)and operational Command Words
{OCWs). .

Initialization Command Words

The initialization process consists of writing a sequence of 4 bytes to each
interrupt controller. The initialization sequence is started by writing the first
Initialization Command Word QCW1) to address 020H (DAOH) witha 1 on bit4
of the data byte. The interrupt controller interprets this as the start of the
initialization sequence and does the following:
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Initialization Command Worl Counter is reset to zero.
CW1 is latched into the device.

Fixed Priority Mode is selected

IR7 is assigned the highest priority

Interrupt Mask Register is cleared

Slave Mode Address is set to 7

Special Mask Mode is disabled

IRR is selected for Status Read operations

The next three FO writes to address 021H (OA1H), will load ICW2-ICW4._ See
Figure 1-15 for a flow chart of the initialization sequence. The initialization
sequence can be terminated at any point {all 4 bytes must be written for the
controller to be properly initialized) by writing to address 020H {(QAOH) with a 0
in data bit 4. Note, this causes OCWZ or OCW3 to be written.

0 N Ot ok w D

I
Figure 1-15.  Initialization Sequence
START
] WRITE 1I0W1 ] xw0=0 x0dai
] WRITE ICW2 | BLER
NO CASCADE
MODET
YES
| WAHITE Icwa | xacat
NO
YES
WRITE ICW4 { x0-1 -

END OF INITIALIZATION
CONTROLLER READY
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Figure 1-16,

Figure 1-17.

ICWI - Address 020H (0AOH) Write Only Register

B7 |B6 |B5 |B4 |B3 |B2 |Bl1 {BO

] L Unused
Single Mode

Reserved
Level Triggered Input
Sequencce Initialization

T

Single Mode: Bit I selects between Single Mode and Cascade Mode. Single
Mode is used whenever only one interrupt controller (INTCI) is used. Cascade
Mode allows two interrupt controllers to be connected through IR2 of INTC1.
INTC1 allows INTC2 to generate its own interrapt vectors if Cascade Mode is
selected, and the highest priority interrupt request pending is from an INTC2
input. INTC1 and INTC2 must be programmed for Cascade Mode for both
devices to operate.

Level Triggered Input: Bit 3 selects level or edge iriggered inpats to the
IRR. I a1 is written to L'TM, a “high” level on the IRR input generates an
interrupt request. Interrupt requests must be active until the first INTA cycle is
started to generate the proper interrupt vector (an IR7 vector is generated if the
IRR input is deassested early) and the interrupt request must be removed prior
to EOI to prevent a second interrupt from occurring.

Sequence Initialization: Bit 4 indicates to the interrupt controller that an
Initialization Sequence is starting and must be & 1 to write ICWI.

ICW2 - Address 021H (OAIH)} Write Only Register

In7 |B6 |B5 |B4 {B3 |B2 |B1 [BO |

L:‘]_ Unnsed

Interrupt Vector

Interrupt Vector<3:7»: These bits are the upper 5 bits of the interrupt vector
and are programmabie by the CPU. The lower three bits of the vector are
generated by the Priority Resolver during INTA (see Figure 1-18). INTC1 and
INTC2 need not be programmed with the same valuve in ICW2.
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|
Figure 1-18.  ICW3 Format for INTCI - Address 021H Write Only Register

B7 |B6 |B5 |B4 {B3 |B2 |B1 |BO

L —]

- Slave Mode Selector

Slave Mode Salector <0:7>: Select which IR inputs have Slave Mode
controliers connected. ICW3 in INTC1 must be written with a 04H for INTC2

to functon.

|
Figure 1-198.  ICW3 Format for INTC2 - Address QALH

B7 |B6 |BS |B4 |B3 [B2 [B1 |BO

i f— LT
[—— — Slave Mode AddressID

it

— 0

ID0-ID2: Determine the Slave Mode address the controllers will respond to
during the cascaded INTA sequence. ICW3 in INTC2 should be written with a
02H for cascade Mode operation. Note, bits <3:7> should be zeros.

|
Figure 1-20.  JCW4 for INTC2 - Address GAIH Write Only Register

B7 |B6 |B5 B4 | B3 |B2 iB1 |BD

Unused
Auto End of Interrupt

Unused
Enabie Multiple Interrupts

1
_J—Unused
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Figure 1-21,

Auto End Of Interrupt: Auto End Of Interrupt is enabled when ICW4 is
written with a zero in bit 1. The interrupt controller performs a non-specific
EO1 on the trailing edge of the second INTA cycle. Note, this function should
not be used in a device with fully nested interrupts unless the device is a cascade
Master.

Enable Multiple Interrupts: Bit 4 enables the Enable Multiple Interrupts
from the same channe! in fixed Priority Mode. This allows INTC2 to fully nest
intezrupts, when Cascade Mode and Fixed Priority Mode are both selected,
without being blocked by INTC1. Correct handling of this mode requires the
CPU 1o issue & non-specific EOI command to INTC2 and check its In-Service
Register for zero, when exiting an interrupt service routine. If zero, a
non-specific EOI command should be sent to INTC1. If non-zero, no command
is issned.

Operational Command Words

Operational Command Word 1 (OCW1) is located at address 021h (0A1h) and
may be written any time the controller is in Initialization Mode. Operational
Command Words 2 and 3 (OCW2, OCW3) are located at address 020H (CAOH).
Writing to address 020H (0AOH) with a 0 in bit 4 places the controller in
operational mode and loads QCW?2 (if data bit 3 = 0, or OCW3 {if data
bit3=1I).

OCW1 - Address 021H (QAIH) Read/Write Register

B7 [B6 [B5 [B4 |B3 B2 |B1 {B0O

| —

— Intermupt Mask State

Interrupt Mask State<0.7»: These biis control the state of the Interrupt
Mask Register, Each Interrupt Request can be masked by writing a 1 in the
appropriate bit position (M0 controls IR0 etc.). Setting an IMR bit has no affect
on lower priority requests. All IMR bits are cleared by writing ICW1.
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I .
Figure 1-22. OCW2 - Address 020H (QAOH) Read/Write Register

B1 |BO -
I :i—lntenuptlzvclSelect

Control Word Select
Select Initialization
End of Interrupt
Select Level

Rotate

Interrupt Level Select<0:2»: These three bits are intzmally decoded o
select which interrupt channel is to be affected by the Specific command.
L<0:2> must be valid during three of the four specific cycles (see Select Level
below).

Control Word Select: If the IO write places a 0 in bit 4 (Select
Initialization), then writing a 0 in bit 3 (Control Word Select) selecis OCW?2 and
writing 2 I selects OCW3.

Select initiallzation: Writing a 0 in this bit position takes the interrupt
controlier out of initialize mode and writes OCW2 or OCW3.

End of Interrupt: This bit, in conjunction with the Rotate and End of
Interrupt, selects the operational function, Writing a 1 in this bit position causes
a function related to End of Interrupt to occur.

B7 |B6 [B5 |B4 {B3 |B2

Rotate Select Level Endofinterrupt  Funection

0 0 i Non-specific End of Interrupt Command
0 1 1 Specific End of Interrupt Command

1 0 1 Rotate on non-specific End of Intermpt
1 1 1 Rotate on specific End of Interrupt

Select Level: This bit, in conjunction with Rotate and End of Interrupt,
selects operational function. Writing a 1 in this bit position causes a specific or
immediate function to occur. All specific commands require the Im.cmlpt
Channel Select 2-0 to be valid, except “No Operation.”

Rotate Seject Level Endofinterrupt Function

] 1 0 No operation

o 1 1 Specific End of Interrapnt Command ,
1 1 0 Specific Rotate Command

¥ 1 1 Rotate on Specific End of Internpt

Rotate: This bit, in conjunction with Select Level and End of Interrupt, selects
operational function. Writing a 1 in bit 7 causes one of the rotate functions to be
selected,

Rotate Seject Lavel Endof imterrupt  Function

1 0 Q Rotate on aoto EOT enable*
1 0 1 Rotate on non-specific EOI
1 1 0 Specific Rotate Command
1 1 1 Rotate on specific EOL

* This function iz dissbled by writing & zero 1o all three bit positions.
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Figure 1-23.

OCW3 - Address 020H (OAOH) Write Only Register

B7 |B6 |B5 |B4 |B3 |B2 |{Bl1 {BO
[ Register Select

L — Register Enable

Polled Mode

Conirol Word Select

Select Initialization

Special Mask Mode

Enable Special Mask Mode

0 .

Reglster Select: This bit selects between the Interrupt Request Register and
the In-Service Register during Status Read operations if Register Enable =1,

Register Enable: When the Register Enable bit (bit 1) is 1, reading the Status
Port at address 020H (0AOH) causes the contents of Interrupt Request Register
or In-Service Register (determined by Register Select) to be placed on
XD7-XD0. Asserting Polled Mode forces Register Enable to reset.

Polled Mode: Polled Mode is enabled by writing a ! to bit 2 of -OCW
cansing the IPC to perform the equivalent of an INTA cycle during the nextI/0
read operation 1o the controller. The byte read during this cycle will have bit 7
set if an interrupt is pending. If bit 7 of the byle s set, the fevel of the highest
pending request wiil be encoded on bits Z-0. The interrupt Request Register
remains frozen until the read cycle is completed; at which time the Polled Mode
bit is reset.

Control Word Select: If the 1/O write places a 0 in bit 4 (Select
Initialization), then writing a 0 in bit 3 (Control Word Select) selects QCW?2 and
writing a 1 selects OCW3.

Select inltiallzation: Writing a 0 in this bit position takes the interrupt
controller out of initialize mode and writes OCW2 or OCW3.

Speclal Mask: If Enable Special Mask Mode and Special Mask Mode are

- written with a 1, the Special Mask Mode is enabled. Writing a 1 to Enable

Special Mask Mode, and a 0 to Special Mask Mode, disables Special Mask
Mode. Daring Special Mask Mode, writing a 1 to any bit position inhibits
interrupts and a 0 enables interrapts on the associated channel by cansing the
Priocity Resolver to ignore the condition for the In-Service Register,
Enable Special Mask Mode: Writirig a 1 in this bit posiﬁon enzbles the

reeh | v b & - | 7 i Ry s R Y
Set/Reset Special Mask Mode function controlled by bit 5 (Special Mask Mode).

Enable Special Mask Mode allows the other functions in OCW3 to be accessed
and manipulated without affecting the Special Mask Mode state,

1.20 Counter/Timer Functional Description

The Counter/Timer {CTC) in the 82C356 is general purpose, and can be used to
generate accurate time delays under software control, ‘The CTC contains 3
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16-bit counters (Counter 0-3) which can be programmed to count in binary or
binary coded decimal (BCD). Each counter operaies independently of the other
two and can be programmed for operation as a timer or a counter.

Al three of the counters shown in Figure 1-24 are controlled from a common set
of control logic. The Control Logic decodes control information written to the
CTC and provides the controls necessary to load, read configure and control
each counter. Counters ¢ and 1 can be programmed for all six modes, but

Modes 1 and 5 have limited usefuiness due to the Iack of an external hardware

trigger signal. Counter 2 can be operated in any of the six modes listed as
foliows:

ModeQ © Interrupt on terminal count
Mode 1 Hardware retiggerable one-shot
Mode 2 Rate generator
Mode 3 Square wave generator
Mode 4 Software triggered strobe )
Mode 5 Hardware retiggerable strobe
I
Figure 1-23.  Counter{Timer Block Timer ) T

3

. —
= =+ =

CHIPS and Technologies, Inc.

All three counters in the CT'C are driven from a common clock input pin
TMRCLK which is independent from other clock inputs to the IPC. Counter 0°s
output (OCut §) is connected to IR0 of INTC1 (see Section 1.15 Interrupt
Controller Functional Description), and may be used as an interrupt to the
system for time keeping and task switching. Counter 1 may be programmed to
generate pulses or square waves for use by external devices. The third counter,
Counter 2, is a full function Counter/Timer. This channel can be nsed asan
interval timer, a counter, or as a gated rate/pulse generator.

4 N4 f"nnntur naonri

imm
uial WUWHIILG] FeOW] ]

pt Wil

Each counter in the CTC contains a Control Register, a Status Register, a 16-bit
Counting Element (CE), a pair of 8-bit Counter Input Latches (CIL,CIH), and a
pair of 8-bit Counter Qutput Latches (COL, COH). Each counter also has a
clock input for Joading and decrementing the CE, a mode defined GATE input
for controlling the counter (only GATE2 is externally accessible), and an OUT
signal (OUT 0 is not externally accessibie). The QUT signal state and function

are controlied by the Counter Mode and condition of the CE.
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Table 1-18.

Figure 1-25,

‘The Control Register stores the mode and command information used to control
the counter. The Control Register may be loaded by writing a byte, containing a
pointer to the desired counter, to the Write Control Word address (043H). The
remaining bits in the byte contain the mode, the type of command, and count
format information.

‘The Status Register allows the software to monitor counter condition and read
back the contents of the Controf Register.

‘The Counting Element (CE) is a loadable 16-bit synchronous down counter, CE
isloadedordecrememedonmcfalhngedgeofTMRCLK. CE contains the
maximum count when a 0 is loaded; which is equivalent to 65536 in binary
operation or 10000 in BCD. CE does not stop when it reaches 0. In Modes 2
and 3, meCEmreioadedandmaHomermodesnwmpsmundePFFHm
binary operation or 9999 in BCD. CE is indirectly loaded by writing one or two
bytes (optional) to the Counter Input Latches, which are, in turn, loaded into the
CE. This allows CE to be loaded or reioaded in one TMRCLX cycle.

—aal

The Counter Cuiput Laiches (COL, COH) are wransparent iatches which can be
read while transparent or latched (see Section 1.21 Counter Description,
subsection titled Latch Counter Command).

1.22 Programming the CTC

After power-Up the condition of CTC Control Registers, counter registers, CE
and the output of all counters is undefined. Each counter must be programmed

hafors it can ha m

Lo P r Lo Ty S ]

Counters are programmed by writing a Control Word and then an initial count.
The Control Register of a counter is written by writing to the Control Word
address (see Figure 1-24). The Control Word is a write only location.

Counter Timer Address Map
Address  Funetion
040H Counter 0 Read/Write
C41H Counter 1 Read/Write
042H Counter 2 Read/Write
O43H Counter Register Write Only

Control Word - (043H) Write Only Register

B7 |B6 |B5 |B4 {B3 IB2 |Bl1 |BO
l L Binary Coded Decimal
Counter Mode

Function Select
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Binary Coded Decimal: Bit 0 selects binary coded decimal counting format
during Read/Write Counter Commands. When bit 0 is 0, then it is a binary
count and when bit 0 is set to 1, it is a BCD count, Note, during Read-Back
Command this bit must be 0.

Counter Moda<0:2>: Bils 1-3 determine the counter’s mode during
Read/Write Counter Commands (see Read/Write Counter Command) or select
the counter during a read-back cormmand (see Read-Back Command). Bits 1-3
become “don’t care” during Latch Counter Commands.

Function Select <0:3»: Bits 4-7 determine the command to be performed as

shown in the following table.
T .
Table 1-19. Control Word 043H Bits 4-7
S
F3 F2 F1 F& Command
0 a o 0 Lawch Counter O (see Counter Latch Command)
0 0 0 1__ Resd/Write Counter OLSB only
0 0 1 4] Read/Write Counter 0 MSB only
4] 1] 1 1 Read/Write Counter 0 LSB then MSB
0 1 0 4] Latch Counter 1 (see Counter Latch Command)
0 1 ] 1 Resd/Write Counter 1 LSE only
0 1 i 0 Read/Write Counter I MSB ouly
Q 1 1 1 Read/Write Coumter 1 LSB then MSB
1 1] 0 Q Latch Counter 2 (see Counter Latch Command) 2
1 ] 0 1 Read/Write Counter 2 LSB only
1 1] 1 1] Read/Write Counter 2 MSB only
1 0 1 1 Read/Write Counter 2 LSB then MSB
1 1 X X ~ Read-Badk Command (see Counter Read-Back
Command)

MSB =most significant byte

LSB =least siginificant byte

Read/Write Counter Command

When writing to a counter, two conveations must be observed:

1. Each counters Control Word must be written before the initial count is
written.

2. Writing the initial count must follow the format specified in the Control
Word (Jeast significant byte only, most significant byte only, or least
significant byte and then most significant byis).

A new initial count can be written intg the counter at any time after

programming without rewriting the Control Word provxdmg the programmed
format is observed. .
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| ]
Table 1-20.

Figure 172'6.

During READ/Write Counter Commands M<0:2> are defined as follows:

M<0:2> Counter Command
M2 M1 Mo Function
0 0 0 Select Mode 0
0 0 1 SelectMode 1
X 1 0 Select Mode 2
X 1 1 Select Mode3
1 1 0  Select Mode 4
1 1 1 SelectMode 5 -
Latch Counter Command

‘When a Latch Counter Command is issued, the counter’s output latches COL
and COH, latch the current state of the CE. COL and COH remain laiched until
read by the CPU, or the counter is reprogrammed. The output iatches then
Tetun to a “transparent” condition. In this condition, the Iatches are enabled and
the contents of the CE may be read directly.

Latch Counter Commands may be issued to more than one counter before
reading the first counter to which the command is issued. Also, multiple Laich
Counter Commands issued to the same counter without reading the counter
causes all bot the first command to be ignored.

Dand Banl Mamimanst
TICEU LW WA ERIEICEE I

‘The Read-Back Command allows the user to check the count value, Mode and
state of the QUT signal and Null Count Flag of the selected connter(s). The
format of the Read-Back Command is as follows:

Control Word - (043H) Write Only Register

7 e D DA o2 7 =1 nnNn
AF T Fel¥) B2J L2J L F=r LaJ
]__L—--—-— 3]
Counter Latch Enable
I atch Stame
Latch Count
1

Counter Latch Enable <0:2>: Writinga 1 in bit 3 causes Counter 3 to latch
one or both of the registers specified by LC and LS. The same is true for bits 2
and 1 except that they enable Counters 1 and 0, respectively.,

Each counter’s latch remains latched until either the Iatch is read, or the counter
isreprogrammed.
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Figure 1-27.

M 355 Functional Description

If Latch Status = Latch Count = 0, status will be returned on the next read from
the counter, The next one or two reads (depending on whether the counter is
programmed to transfer one or two bytes) from the counter result in the count
being returned.

Latch Status: Writing a 0 in bit 4 causes the selected coanter(s) 1o latch the
current condition of it's Control Register, Null Count and Qutput into the Status
Register. ‘The next read of the Counter results in the contents of the Status
Register being read (see Status Read).

Latch Count: Writing a 0 in bit 5 causes the selected counter(s) to laich the
state of the CE in COL and COH.

Status Byte

B7 |B6 |BS |B4 |B3 B2 |B1 |BD S
| t———— Binary Coded Decimai
Mode Counter

Function Status
Nuli Count
ouT

Binary Coded Decimal: Bit 0 indicates the CE is operating in BCD format.

Mode Counter <1:2»: These bits reflect the mode of the counter and are
interpreted in the same manner as in Write Command opa'auons

Function Status<0:1»: Bits 4 and 5 contain the FO and F1 Command bits
which were written to the Command Register of the counter during
initialization, This information is aseful in determining whether the high byte,
low byte, or both must be transferred during counter read/write operations.
Nuil Counti: Bit 6 contains the condition of the Null count Flag. This flag is
used to indicate that the contents of the CE are valid. NC willbesettoa 1
during a write to the Control Register or the counter. NC is cleared toa 0
whenever the connter is loaded from the connter input registers.,

OUT: Bit 7 contains the state of the OUT signal of the counter.

Counter Operation 7

Duc io ifie previously siaied resiriciions in Counier § and Counier 1, Counier 2
will be used as the example in describing counter operation, but the descnpuon
of Mode 0, 2, 3 and 4 is relevant to all counters.

‘The following terms are defined for describing CTC operation:

TMRCLK Pulse: A rising edge followed by a falling edge of the IPC
TMRCLK input,

Trigger: The rising edge of the GATE2 input.

PRELIMINARY 155



M 356 Functionai Description

Counter Load: The transfer of the 16-bit value in CIL and CTH to the CE.
inhtialized: A Control Word written and the Counter Input Latches loaded.
Counter 2 operates in one of the following modes,

*  Mode 0 - Interrupt oi Termina] Count

Writing the Control Word canses OUT2 to go low and remain low until the CE
reaches D, at which time it returns high and remains high imti 2 new count or
Control Word is written. Counting is enabled when GATE2 = 1. Disabiing the
count has no effect on OUT2,

The CE is loaded with the first TMRCLK pulse afier the Control Word and
initial count is ioaded. When both CIL and CTH are written, the CE is loaded
after CIH is written (see Write Operations). This TMRCLXK pulss does not
decrement the count, 0 for an initial count 0of N, OUT2 doesn't go high until
N+1 TMRCLX pulses after initialization, Writing & new initial count to the
counter reloads the CE on the TMRCLK pulse and counting continues from the
niew count.

If an initial count is written with GATE2 = 0, it is still loaded on the next
TMRCLK pulse, but counting does not begin until GATE2 = 1. Out2 therefore,
goes high N TMRCLXK pulses after GATE2 = 1.

®* Mode 1 - Hardware Retriggerable One-Shot

Writing the Control Word causes OUT2 to go high initially, Once initialized,
the counter is armed and a wigger causes OUT2 to go low on the next TMRCLK
puise. OUT2 then remains low until the counter reaches 0. An initial count of
N results in a one-shot pulse N TMRCLX cycles long.

Any subsequent triggers while OUT2 is low causes the CE to be reloaded,
extending the length of the prlse. Writing 2 new count to CILL. and CIH does not
affect the current one-shot unless the counter is retiggered.

*  Mode 2 - Rate Generator

Mode 2 functions as a divide-by-N counter, with OUT2 as the carry, Writing
the Control Word during initialization sats OUT2 high.

When the initial count is decremented 1o 1, OUT2 goes low on the next

TMECILE plﬂca. The followine TMRCT ¥ ?II'ED raturme OIIT2 hish reloads

R LA, ihcollowing X 5 S ke GIEN, TURISUS

the CE, and the process is repeated. In Mode 2, the counter continues counting
(if GATE2 = 1) and generates an OUT2 pulse every N TMRCLK cycles. Note
that a count of 1 is illegaf in Mode2.

Gaie2 =0 disables counting and forces OUT2 high immediately. A mgger
reloads the CE on the TMRCLX pulse. Thus, GATE2 can be used to
synchronize the counter 1o external events.

Writing a new count while counting does not affect current operation unless a
trigger is received. Otherwise, the new count is loaded at the end of the current
counting cycie.
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* Mode 3 - Square Wave Generator

Mode 3 is similar to Mode 2 in every respect except for the duty cycle of OUT2,
OUT2 is set high initially and remains high for the first half of the count. When
the first half of the initial count expires, OUT2 goes low for the remainder of the
count.

If the counter is foaded with an even count, the duty cycle of OUT2 will be 50%
(high = low = N/2}, For odd count values, OUT2 is high one TMRCLK cycle
Tonger than it is low. Therefore, high = (N+1)/2 and low = (N-1)/2.

¢ Mode 4 - Software Triggered Strobe

‘Writing the Control Word canses QUT2 to go high initially. Expiration of the
initial count causes OUT2 to go low for one TMRCLK cycle. GATE2=0
disables counting but has no effect on OUT2. Also, a trigger will not refoad the
CE.

The couniing sequence is started by writing the initial count. The CE is loaded
on the TMRCLX pulse after initialization, The CE begins decrementing one
TMRCLK pulse later. OUT2 will go low for one TMRCLK cycle, (N+1) cycles

~ after the initial count is written.

If a new initial count is written during a counting sequence, it is loaded into the
CE on the next TMRCLK pulse and the sequence continues from th new count.
This allows the sequence 1o be “retiggerable” by software.

*  Mode 5 - Hardware Triggered Strobe

Writing the Control Word canses QUT2 to go high initislly. Counting is started
by trigger. The expiration of the initial count causes OUT2 to go low for one
TMRCLX cycle. GATE 2 = () disables counting.

CE is loaded during counting, the current counting sequence will not be affected
unless a trigger occurs. A trigger canses the counter fo be reloaded fom CIL
and CIH, making the counter “retiggerable™.

*  Gate2

In Modes 0, 2, 3, and 4, GATE?2 is Ievel sensitive and is sampled on the rising
edge of TMRCLK. In Modes 1, 2, 3, and § the GATE? input is rising-edge
sensitive. This rising edge sets an internal flip-flop whose cutpat is sampled on
the next rising edge of TMRCLK., The flip-flop resets immediately aftet being
sampled. Note that in Modes 2 and 3, the GATEZ input is both edge and level
sensitive, Table 1-22 summerizes the gate functions for all modes.
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I
Table 1-21. GATE Pin Function
Mode Condition
Low Rising High
¢ Digables Coumting ] o Enables Counting
1 - 1) Initiates Counting —_
b) Retets Out Pin
2 3) Dizables Counting Initistes Connting Enables Comnting
b) Forces Out Pin High
3 a} Disables Counting Initistes Coonnting Enables Counting
b) Forces Ow Pin High
4  DizghlesCownting = Enables Comnting
5 i Initiates Coonting -~
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1.23 Real Time Clock Functional Description

This section of the 82C356 combines a complete time-of-day clock with alarm,
one hundred year calendar, a programmable period interrupt, and 114 bytes of
low power static RAM. Provisions are made to enable the device to operate ina
low power (battery powered) mode and protect the contents of both the RAM
and clock during system power-up and power-dowrL

Register Access

Reading and writing to the 128 Jocations in the Real Time Clock is
accomplished by first placing the Index Address of the location you wish to
access on the data input pins XD0-XD6. The Index Address Register is then
usedasa pointer to the specific byte in the Real Time Clock, which may be read

T T TNy r nonnmtlere ALY e TAWVIT anith nm nddoann am tha WA Al Zeeess,
OF WIiien Il.i IJJ’ ANA U "IV UL =LWLFTY Wil afl a0Icss Of U ANA<UIZ> ulyuw

of O71H.

Address Map

Table 1-22 iltustrates the internal register/RAM organization of the Real Time
Clock portion of the 82C356, The 128 addressable locations in the Real Time
Clock are divided into 10 bytes which normally contains the time, calendar and
alarm data, four contro! and status bytes and 114 general purpose RAM bytes.
All 128 bytes are readable by the CPU. The CPU may also write to all locations
except Registers C, D, Bit 7 of Register A and Bit 7 of the Seconds Byte which
is always 0.
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Table 1-22.  Address Map for Real Time Clock

Index Function
00 Seconds _
1 Seconds Alarm
02 Minotes .
03 Minutes Alarm
4 Hours e -
_ 05 Hours Alarm .
06 Day of the Week
07 Pay of the Month -
o2 Month . _
1) Year
OA Reginter A
0B Register B _
oc Register C
oD Register D
_0E UserRAM
oF UserRAM
1E UserRAM .
7F = User RAM _ .
Time Calender and Alarm Bytes

The CPU can obtain the time and calendar information by reading the
appropriate locations in the Real Time Clock, Initialization of the time,
calendar and alarm information is accomplished by writing to thesa Iocations.
Information is stored in these locations in binary-coded decimal (BCD) format.

The SET bit should then be cleared 1o allow updates. Once initiatized and
enabled, the Real Time Clock will perform Clock/Calendar updates ata 1 Hz
rate.

Table 1-23 shows the format for the ten clock, calendar and alarm locations.
‘The 24/12 bit Register determines whether the hour locations will be updated
using a 1-12 or 0-23 format. Afier initialization the 24/12 bit cannot be changed
without reinitializing the hour locations. In 12 hour format the high order bit of
the hours byte it both the time and alarm bytes will indicate PM whenitis a 1.

During updates, which occur once per second, the 10 bytes of time, calendar and
alarm information are unavailable 1o be read or written by the CPU for a period
of 2ms. These 10 locations cannot be written during this time. Information read
while the Real Time Clock is performing updies will be undefined. The

Update Cycle section shows how to avoid Update Cycle ACPU contention
problems.

The alarm bytes can be programmed to generate an interrupt at a specific time or
they can be programmed to generate a periodic interrupt. To generatean
interrupt at a specific time, the user need only prograin the time that the
interrupt is to occur into the 3 alarm bytes. Alternately, a periodic interropt can
be generated by setting the high order two bits in an alarm register to a 1, which
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turns that byte into a *“don’t care.” For instance, an interrupt can be generated
once a second by programming the same value into all three alarm registers.

I
Table 1-23. Real Time Clock Address Map
midex Function BCD Range
Register
Address
[+] Seconds 00-59
1 ____ Seconds Alarm _ 0059
2 Minutes 00-59
3 Minutes Alarm 00-5¢
Houns 01-12 (AM)
{12 hoar mode) £1-92 (PM)
4
Hours 00-23
(24 hour mnode)
Hours Alarm 01-12 (AM)
{12 hour mode) 8192 (PM)
5
(24 hour mode)
6 Day of the Week 01-07
7 Day of the Month 01-31
8 Month 01-12
9 Year {059
Static RAM

The 114 bytes of RAM from Index Address OEH to 7FH are not affected by the
Real Time Clock. These bytes are accessible during the update cycle and may
be used for whaiever the designer wishes. Typical applications will use this as
non-volatile storage for configuration and calibration parameters since this
device is normally battery powered when the system is wrned off.
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Figure 1-28.

W 356 Functional Description

Control and Status Registers

The IPC contains four registers used to control the operation and monitor the
status of the Real Time Clock. These Registers are located at Index Address
0AM-0DH and are accessible by the CPU at all times.

Register A (OAH) Read/Write Register Except Update in Progress

B7 |B6 |B5 {B4 {B3 |B2 |B1 {BO

L_‘_:l» Periodic Interrupt Rate

} Divider/Prescaler

Update in Progress

Periodic Interrupt Rate <0:3»: These four bits control the Periodic
Interrupt rate. The Periodic interrupt is derived from the Divider/Prescaler in
the Real Time Clock and is separate from the Alarm Interrupt. Both the alarm
and periodic interrupts do however, use the same interrupt channel in the
Interrupt Controller. Use of the Periodic Interrupt allows the generation of
interrupts at rates higher than once per second. Table 1-24 shows the interrupt
rates for which the Real Time Clock can be programmed.

Divider/Prescaler <0:2>: These three bits are used to control the
Divider/Prescaler o the Real Time clock, While the IPC can operate at
frequencies higher than 32,768 Khz, this is not recommended for battery
powered operation due to the increased power consurmnption at these higher
frequencies.

Update in Progress: Update in progress flag is a status bit used (o indicate
when an update cycle is about to take place. A I indicates that an update cycle is
taking place or is imminent. UIP will go active (High) 244us prior to the start of
an ypdate cycle and will remain active for an additional 2ms while the update is
taking place. The UIP bit is read only and is not affecied by Reset, Writinga 1
to the SET bit in register B will clear the ULP status bit.
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I
Table 1-24,  Periodic Interrupt
. Rate Selection Time Bass
4.194304 MHz .
RS3 RS2 RS1 RSO 1.0438576 MHz 32763 KHz

0 0 0D 0 Nooe Nooe

0 4] 0 1 20517 s 300248 ms

[4) [4] 1 [+] 61.035 ps 7.8125 ms

0 0 1 1 123.870ps 122.070us

0 1 1) 0 244141 ps 244.141 us

0 i 0 4 A88.28] us 488281 us

a 1 1 4] 976562 11s 9765620

0 1 1 1 1.953125 mz 1.953125ms

1 0 0 0 3.90525ms 390625 ms

1 O D 1 7.8125ms 78125 ms

1 4] 1 4] 15.625ms 15.6825 ms

i 4] i i 31.25ms 31.25 s

1 1 0 0 62.5ms €62.5ms
- 1 1 2 1 125 ms 125ms

1 1 1 0 250 ms 250 mx

1 1 1 1 500 me S00ms

|
Figure 1-28.  Register B (OBH) Read/Write Register

—

B7 i{B6 |B5 |B4 {B3 [B2 |BI |BO
I Daylight Savings Time
Hours Format
0
Update Interrupt Enable
Alarm Generation

Periodic Interrupt Enable
Update Cycle Enable

Daylight Savings Time: The Real Time Clock can be instnucted to handle
daylight savings time changes by setting this bitto a 1, This enables two

! namenl Ses raseina oo Tomms O T "
avrantinne tn tha nom Hme kWp

TALLPIUIS o0 wil g, aii\-llﬁnﬁ i O on ﬁlb- L5t DAY U1
April AM. Setting this bit to a 0 disables the execution of these two exceptions.
-PSRSTC has no affect on this bit.

Hours Format: This control bit is used to establish the format of both the
Hours and Hours Alarm bytes. If this bit is a 1, the Real Time Clock will
interpret and update the information in these two bytes using the 24 hour mode.
This bit can be read or written by the CPU and is not affected by Reset.

Update Interrupt Enable: Update-ended Interrupt Enable bit is a readfwrite
bit which enables the Update-ended Interrupt Flag (UF) bit in Register C 1o
assert IRQ. The Update-ended Interrupt Enable is cleared by RESET or by
setting the Update Cycle Enable bit.
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I 356 Functional Description

1

Alarm Generation: The generation of alarm interrupts is enabled by setting

" this bit to a 1. Once this bit is enabled the Real Time Clock will generate an

alarm whenever a match occurs between the programmed alarm and clock
information. If the don’t care condition is programmed into one or more of the
Alarm Registers, this enables the generation of periodic interrupts at rates of one
second or greater. This bit is ¢leared by Reset.

Periodic interrupt Enable: The Periodic Interrupt Enable Bit controls the
generation of interrupts based on the value programmed into the RS3-RS0 bits
of Register A. This aliows the user to disable this function without affecting the
programmed rate. Writing a 1 to this bit enables the peneration of periodic
interrupts. This bit is cleared to 2 0 by Reset.

Update Cycle Enable: Writing a 0 to this bit enables the Update Cycle and
allows the Real Time Clock to function normally, When set to a 1, the Update
Cycle is inhibited and any cycle in progress is aborted. This bit is not affected
by the RESEY input pin.

Register C (OCH) Read Only Register

B7 |B6 |B5 |B4 {B3 |B2 |Bl |BO

—]

0

Update-endad Flag
Alarm Flag

Periodic Interrupt Flag
Alarm Flag

tUpdate-ended Flag: Update-ended Interrupt Flag bit is set after each update
cycle. When the Update-ended Interrupt Enable bit is a 1, the 1 in Update-ended
Interrupt Flag (UF) causes the IRQF bit to be a 1, asserting IRQ. The
Update-ended Interrupt Flag (UF) is cleared by a Register C read or a RESET.

Alarm Flag: A 1 appears in the AF bit when ever a match has occurred
between the time register and alarm registers during an update cycle. This flag
is also independent of it"s enable (AIE) and will generate an interrupt if ATE is
true.

Periodic Interrupt Flag: The Period Interrupt Flagis settoa 1 whena
transition, which is selected by R33-RS0, occurs in the divider chain. This bit
will become active, independent of the condition of the PIE control bit. The PF
bit will then generate an interrupt and set IRQF if PIE isa 1.

interrupt Request Flag: The Interrupt Request Flag is set to a 1 when any of
the conditions which can cause an interrupt are true and the interrupt enable for
that condition is true. The condition which causes this bit to be set, also
generates an interropt. ‘The logic expression for this flag is:

IRQF=PF & PIE
+ AT & AIE -
+UF&UIE
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Figure 1-31.

164

This bit and all other active bits in this register are cleared by reading the
register or by activating the PSRSTBfinput pin. Writing to this register has no
affect on the contents.

Valid RAM and Time Bit: The Valid RAM and Time Bit indicates the
condition of the contents of the Real Time Clock. This bitiscleared0a0
whenever the PS input pin is LOW. This pin is normally derived from the

Register B (OBH) Read/Write Register

B7 |B6 |B5 |B4 |B3 |B2 {Bl1 {BO

L — )

Valid RAM and Time Bit

power supply which supplies Ve to the device and will allow the user to
determine whether the registers have been initialized since power was applied to
the device. PSRSTB has no effect on this bit and it can only be set by reading
Register D. All unused register bits will be a 0 when read and are not writeable.

Update Cycle

During normal operation the Real Time Clock will perform an update cycle
once every second. The performance of an update cycle is contingent upon the
divider bits Divider/Prescaler<0:2> not being cleared, and the SET bit in
Register B cleared. The function of the update cycle is to increment the
clock/calendar registers and compare them to the Alarm Registers. If a maich
occurs between the two sets of registers, an alarm is issued and an interrupt will
be issued if the alarm and interrupt control bits are enabled.

During the time that an update is taking place, the lower 10 registers are
unavailable to the CPU. This is done to prevent the possible corruption of data
in the registers or reading invalid data. To avoid contention problems between
the Real Time Clock and the CPU, a flag is provided in Register A to alert the
user of an impending update cycle. This Update In Process Bit (UIP) is asserted
244us before the actual start of the cycle and is maintained until the cycle is
complete. Once the cycle is complete the UTP bit will be cleared and the Update
Flag (UF) in Register C will be set. Figure 1-32 illustrates the update cycle.
CPU access is always allowed to Register A through D during update cycles.
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Update Cycle

UiP BET
{REGISTER A)

BEENOTE 1

UPDATE CYCLE
AGTIVE PEFIGD

g

UFBIT
{REGISTER C)

s — % r—ﬂ:fm'rez

CHIPS and Tachnologies, Inc.

Note

Registers 0-9 are unavailable to be read or written during this time. UF bitis
cleared by the CPU read of register C.

Two methods for reading and writing to the Real Time Clock are recommended.
Both of these methods aflows the vser to avoid contention between the CPU and
the Real Time Clock for access to the time and date information.

The first method is to read Register A, determine the state of the UIP bit and, if
it is 0, perform the read or write operation. For this method to work
successfully, the entire read or write operation (including any interrupt service

“routines which might occur) must not require longer than 244us to complete

from the beginning of the read of Register A 10 the complation of the last read or
write operation to the Clock Calendar Registers.

The second method of aceessing the lower 10 registers is to read Register C
once and disregard the contents, then subsequently continue reading this register
until the UF bit is 2 1. This bit becomes true immediately after an update has
been completed. The user then has until the start of the next update cycle to
complete a read or write operation.

Power-Up/Down

Miost applications require the Real Time Clock to remain active whenever the
system power is turned off. ‘To accomplish this, the user must provide an
altemnate source of power to the IPC, This alternate source of power is normally
provided by connecting a battery to the Vec supply pin of the device. A means
should be provided to switch from the system power supply to the battery. A
circuit, such as the one shown in Figure 1-33, may be used to eliminaite power
drain on the battery when the entire IPC is active. The circuit shown here
allows for reliable transitions between system and battery power without undue
battery power drain.
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Section 2

356 Configuration Registers

2.1 Index Registers

]

Index26H  RTC, NMI & Coprocessor Reset Register (READ/WRITE)
Index Register Address; 022H
Data Register Address: 023H

Index Bits Values and Functions

26H 7 Real Time Clock selection.

(0): Selects intemnal RTC.

1: Selects external RTC.

Reserved (default =0)

5 Power Fail waming active during last NMI(R/O).
{0): Power Fail wamning pin not active.
1: Power Fail waming pin was sctive.
Power Fail Waming Ensble.

(0): PCU NM disabled.
1: PCU NMI enabled.
3 PCU NMI active level.
(0): PCU NMI disabled.
1: PCU NMi enabied.

O

LN

2 Reserved {defanls = ) (s0e 820351 CPUICache!DRAMI
Controller, Section 2: 351 Configuration Registers).
1 Extended JO Decode Enable,

(0): Disable extended /O decode.

ToTnahla axtended LO derode.

he AL .

1] _ Reserved (defauli =0)
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| ]
Index 01H  Configuration Register (READ/WRITE)

index Bils Values and Functions

01H 76 Read/Write Cycle Wait Siates.
00: 1 Wait Sute,
_01: 2 Wait Stares.
10; 3 Wait States.
(11): 4 Wait Stateg.
54 16-bit DMA Cycle Wait States.
{00Y: 1 Wait State.
01: 2 Wait States.
10: 3 Wait Sutes.
11: 4 Wait Stares.
32 8-bit DMA Cycle Wair States.
{00): 1 'Waix Stae,
O1: 2 Weit States,
10: 3 Wait States.
11: 4 Wait States.
1 Extended DMA Memory Read enable.

(0) Delay -MEMR by one clock cycle later than -JOW,

ToQrawt BATLAD wt the maccim thiman aa TAILS
Lo AFELE TIFRLUVIOw i LR Baiia- ALIIC B3 =LV TY &

o DMA source clock.
(0): DMA Clock is equal 1o BUSCLK.
1: DMA Clock is squal to BUSCLE.

2.2 I/O Port Registers

|
O Port 00H DMAZ Channel 0 Address Register (READIWRITE/FLIP-FLOP)

Addr Bits «OR “Jow FF  Values and Functions
' O0H 7:0 a 1 0 Read current low byte address.
0 H 3 RBead current hish bees afdrscs,
1 0 0 Write bese & current low byie sddress,
1 0 1 Write base & carrent high byte address.
T
VO Port 01H DMAIL Channel 0 Word Count Register (READ/WRITE/FLIP-FLOF)
Addr Bits <IOR “How FF  Values and Functions
01H 70 Q 1 0 Read cument word count low byte,
4] 1 1 Read current word count high byte.
1 0 0 Write base & current word count Jow byte.
1 0 1 Write busc & coment word count high byte.
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I
VO Port 0AH DMAI Single Bit Request Mask Register (WRITE ONLY)
Bits Yalues and Functions
0AH 73 (X0XX30: Don't Cares. )
2 Mask bit.
{0): Clear Mask bit
1: Set Mask bit .
1:0 DMA Channel Mask bit Selection.

{00): DMA Channel 0
01: DMA Channel 1
10: DMA Channe] 2
11: DMA Channel 3

VO Port 0BH DMAI Mode Register (READ /WRITE)

Bits Values and Functions

0BH 746 ~ Channel Mode type.
(00): Demarid Mode
D1: Sinple Cydle Mode
10: Block Mode
11: Cascade Mode

5 Address counting direction

{0): Increment addrees
1: Decrement address

Artasnitralivatise snahls
AUC-TIIURITIN0N SN2DE,

(0): Auto-initializacion finction disable
1: Auto-initialization function enable
3:2 Type of transfer.
' (00): Verify transfer _

Nt O tee s e
U1i ¥V Il Laiis1ct

10: Read transfer
11: Nlegal
1:0 DMA Channel Mode Selection.
(00): DMA Channel 0
0i: DMA Channel 1
10: DMA Channel 2
11: DMA Channel 3

Y

]
VO Port 0CH DMAI Set Byte Pointer Flip-Flop (READ ONLY)
Bits Values and Functions
OCH 70 Bits 7:0 are don't cares. The Set Pcml:r %{ﬂ
mm:ndumvawdlsamuh access and

* the assertion of -IOR. This cmmnand |]lows the CPU to adj
__the pointer 1o the high byte of an address or word count register.

I
YO Port 0CH DMAI Clear Byte Pointer Flip-Flop (WRITE ONLY)

Bits Vealues and Functions
OCH 7:0 Bits 7:0 are don't cares. The Clear Byie Pointer Flip-Flop Clear
command is activated as a result of the address sccess and

the assertion of -JOW. This command allows the CPU 10 adjunt
the pointer to the low byte of an address or word connt register,

CHIPS and Technologies, lnc. PRELIMINARY 173




B 356 Configuration Registers

174

]
YO Port 0DH DMAI Temporary Register (READ ONLY)

Bits Values and Functions
ODH 7:0 Bitz 70 containg valnes of XD7:XDO0 during the first cycle of &
memory-to-memory transfer. Data from the last

memory-to-memory transfer will remain in the registerunless s
RESE?OIM_W.

T
VO Port 0DH DMAI Master Clear (WRITE COMMAND ONLY)
Bits Vajues and Functions i
ODH 70 Bitz 7:0 are don't cares. The Master Clear command is activated

az 3 result of the address 00EH access and the aszertion of -JOW.
O Regiviar Seanas fogiaser, Roost Register sod By

1 1 W) s AT
Painter Flip- mdumdlndlheksqumMukRzgilmi’::
et

|
VO Port OEH DMAI Clear Mode Register Counter (READ COMMAND ONLY)
Bits Vaiues and Functions
- 0EH YEY Bits 7:0 are dog't caret, The Clear Mode Reginter Coanter

command is activated as a2 reselt of the address 00EH acoess and
the assertion of -IOR. This command is provided to allow the
CPU 1o restart the mode read process at & known point.  After
clearing the counter all four Mode Registers may be read by
doing successive reads 1o the Read Mode Register address. The
order in which the registers will be r=ad iy Channel 0 first,

- Charmel 3lagt.
]
VO Port OEH DMAI Ciear Regquest Mask Bits (WRITE COMMAND ONLY)
Bits Vaiues and Functions
OEH 70 Bits 7:0 are don’t cares. The Clear Mask Register command is

activated a2 a result of the address 0OEH aceest and the assertion
of -IOW. This command enables all four DMA channels to

sccept fequests by clesring the mask bits in the register.

e
VO Port 0FH DMAI Request Mask Register Bits (READ/WRITE)

Bits Values and Functions
OFH 7:4 00K Don't Cares,
3 Channel 0 Mask bit.

O: No bit mask, channe! enabled

{1): Bt mask channel digabled
2 Chamel 1 Mask bit.

0: No bit mask, channel enabled

{1): Bit mask, channel dizahled
1 Charmel 2 Mask bit.

0: No bit mask, channel enabled

(1): Bit mask, charmel dizabled
1] Channel 3 Mask bit

0: No bit mask, channel ensbied

{1 Bit mask, channel dicabled
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| |
VO Port 20H INTCI Initialization Command Word #1 (15T WRITE ONLY)
Bits Values and Functions
208 7:5 OCX): Don't Cares.
4 Start Initializstion Sequence.

(0): Do not begin initialization sequence
1: Begin sequence and write to ICW1

| EYNPRSUT U gpuy , I PRp . o PRI o JRp

ADISTIURR LEVEL OF CARS L EREY SEIEE,
0: Edge Trigper enabled; low 1o high transitions

1: Level Trigger enabled: active high

ELL

(X): Don"t Care. . ) .

Lol

Single or Cascade Mode Selear.

[Uj. u.lmﬂ M‘m ﬂ'llDlEﬂ. mm II.IWB II!IG wwnu
mwrmptommner‘MwhmedthwghMof
INTC1. INTC1 will allow INTC2 10 mmmown
veu.mlfCuuchndcuwhaedmdmc

pending is from an INTC2 input. INTCI and munbc
programmed for Cascade Mode for both devices 1o operate.

1: Single Mode E.mbied. Single Mode is used whenever only one
intermupt controlleris used.

0 (X): Don't Care.

L]
/0 Port 21H INTCI Initialization Command Word #2 (2ND WRITE ONLY}

Bits Values and Functions
21H 73 Upper five bits of i mtc byte. These bits are
programmable by The lowerl.hmehu of the vector are
generated by the Pn ority Resc Rclolvcrdumlg interrupt acknowledpe.
I
VO Port 21H INTC1 Initialization Conunand Word #3 (3RD WRITE ONLY)
Bits Values and Functions

Y o FIURPUR, | PR R

- \U_] I‘D ul.ve mw AAALRIULICT OOTMICLa 1O J.K.h

1: Slave Mode Controller connected 10 IR7.

218 ¥ Slave Mode Controller connected to IR7 select.

6 Slave Mode Controller connected 10 IR6 select.
{0): No Slave Mode Controller connectad to IR6.
1: Slave Mode Controller connected 10 IR6.

5 Siave Mode Controller connecied 10 IRS seiect.

(0): No Slave Made Controlier connected to IRS.
1: Slave Mode Controdler connected 1o IRS.

4 Slave Mode Conroller connected to JR4 select.
(0): No Slave Mode Controller connected 10 TR4.
1: Siave Mode Conttrolier connected to TR4.

3 Slave Mode Controller connected to IR3 select.
0): No Slave Mode Controller connected to TR3.

1: Slave Mode Controller connected to IR3,

2 Slave Mode Controller connected to IR2 select.
(0): No Slave Mode Controller connected to TR2,
1: Slave Mode Controller connected 1o IR2.

1 Shave Mode Controller connected 10 TR select.
{0): No Slave Mode Controller connected to IR1.

1: Slave Mode Controller connected to JR1.

0 Slave Mode Controlier connected to IR) select,
(0): No Slave Mode Controller connected to IR0,
1: Siave Mode Controller cormected 10 IR0.
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B L TR TS

Note  ICW3 in INTCI must be written with a 04H for INTC2 to function.

VO Port 21H INTCI Initialization Command Word #4 (4TH WRITE ONLY)}

Bits

Valuss and Functions

21H

75

GXX): Don't Cares.

4

Enable Muitiple Internupts from the same chanmel in Fixed,
Priority Mode. This allows INTC2 to fully nest interrupts, whent
Mode with Fixed Priocity Mode are both selected,

without being blocked by INTCI.

OO0): Dot Cares.

Auto End of Interrupt enable. This bit is active low, The

controller will perform a nonspecific EOI on the trailing
edgegtheseoondm cyele.

(): Don'tCare.

VO Port 21H INTC1 Operational Command Word #1 (READIWRITE})

Bits

Values and Functions

21H

IR7 Mask bit.

{0): No mask.
1: Mask TR7.

IRG Mask bit.

{0): Nomask.
1: Mask IR6.

IRS Mask bit.

{0): No mask.
1: Mask TRS.

IR4 Mask bit.

{0): No mask.
1: Mask IR4.

IR3 Mask bit.

(0): Nomask.
1: Mask IR3.

IR2 Mask bit.

{0): No mask.
1: Mask IR2.

IRI1 Mask bit.

{0): Nomask.
1: Mask IR1.

IRO Mask bit.

(0): No mask.
1: Maskc TRO.
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I
VO Port 204 INTCI Operational Command Word #2 (2ND WRITE ONLY)

Bits Vaiuss and Functions

20H 7 Roste function select. Bit 7 is used in conjunction with bits 6
and 5 to select operational fonction.

BS Function

Rotate oo auto ECT enable,
Rotate on non-specific EOL
Specific Rotate Command,
1 Rotate on specific EOL

Speuﬁcmmme&mfmmm:dea. Bii6izusedin
eonjuniction with bits 7md5loselu:topannmalﬁmmon

N
o -0

L Lol I — -] g

B7 Function

No operation.

Specific EOI Command.
Specific Rotate Command.
Rotate on specific EOL

ction related to EOI select. Bit 5 is used in conjunction with
7 and 6 to select operational function.

b el bk e

LF 0 L ] g

Function

Non-specific EOI Command.
Specific EOI Command.
Rotats on noa-specific EOL
Rotate on specific EOL

T ]

s - OO g

Interrupt controller ont of initialize mode select.

LT R L P L T s o T T g g V]
V. B AEE IIMAIZEUTL VUL R WIRS WAL 7Y & &30 WA vY s

1: Enable initialization mode.

3 Openational Command Word Sefect.

O: OCW?2 selected.

1: OCW3 selected.

20 BmZﬂmmmnaﬂydamdedwodwwhd:mmzptdmmd
utobea.ffededpy_ulggeuﬁc

000: IR7.

001: TR6.

010: IRS.
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I
VO Port 20H INTC] Operational Command Word #3 (3RD WRITE ONLY)
Blts Vaiues and Functions
20H 7 Bit 7 must be 3et 1o 0 for proper operation.
{0): Necegtary value,
6 Eralle Special Mask Mode.

_{0): Special Mask Mode bit becomes a son't care.
1: Enable Special Mask Mode bit.

5 Special Mask Mode,
1: Set Special Mask.
4 Interrupt controller out of initialize mode select. .

0: Disable imitialization mode and write OCW2 and OCW3.
1: Enable initializarion mode,
3 Operational Cornmand Word Select.
0: OCW2 selected.
1: OCW3 selected.
2 Enable Poll Command.
1: Poll Commend.,
1 Ensble Read Register Command.
(0): Read Regirter bit becomes s doa'tcare.
1: Enable Read Register Command bit.
0 Read Register Comrnand.
(0): Read Interrupt Request Register on next -JOR pulse.
1: Read In-Service Register on next -IOR pulse.

|
VO Port 40H Counter/Timer Counter 0 (READ/WRITE}
Blits Values and Functions
40H 70 Counter 0 coumt register (Read/Write).
| ]
VO Port 41H CounteriTimer Counter 1 (READ/WRITE)
Bits Values and Functions
41H 70 Counter 1 count register (Read/Write).
| ]
VO Port 42H CounterTimer Counter 2 (READIWRITE)
Bhts Values and Functions
42H 70 Counter 2 count register (Rexd/Write).
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I
VO Port 43H Counter!Timer Control Word Register (WRITE ONLY)
Bits Values and Functions
43H 74 Determine command to be performed.

0000 Latch comnter O

0001 Read/Write coumter 0 LSB only.
0010 Read/Write counter O MSB onily.
0011 _Read/Write coanter 0 LSB then MSB.
D100 _Latch counter L.

0101 Read/Write counter 1 LSB only,

0110 Read/Write counter I MSB only.
0111 Read/Write counter 1 LSB then MSB.
1000 Laich counter 2. ) . .
1001 Read/Write counter 2 LSB only.

1010 Read/Write counter 2 MSE only.
1011 Read/Write counter 2 LSB then MSB.

11xx  Read-Back commend,
3:1 Detemnine the Coanter's mode

000 Selecamode (.

001 Select mode 1.

210 Select mode 2.

x11 Select mode 3.

110 Select mode 4.

ill SclectmodeS.
0 Determine the Count type
© Binary comm.
1 Binery coded decimal count.

L
VO Port 70H Index Register Address

. Bits Values and Functions
70H 70 Index register address. ‘The index value it placed in port 70H 10
access & particular register. The valid address range for the
- 82035612 0 thru 7FH.

I
/0 Port 71H Data Register Address - .

Blts Values and Functions
TIH 70 Data register addrees. The index value is placed in port 70K 1o
access A particular register and the data to be read from or writien
to that register is placed in port TIH.
|
{0 Port 8B0H Unused
Bits Values and Functions
80H yE] Not defined.

I
VO Port 81H 8-bit DMA Channel 2 (READ/WRITE)

Bits Yalues and Functions
81H 70 Address bits A16-A23 during 8-bit DMA (DACK2) cycles.
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e
Vo Port 824

YO Port 83H

YO Port 84H

]
VO Port 85H

e ————
VO Port 86H

|
VO Port 87H

I
VO Port 88H

I
VO Port 8SH

VO Port 8AH

8-bit DMA Channel 3 (READMWRITE)

Bits Values and Functions
82H 7:0 Address bits A16-A23 during 8-bit DMA(DACK3) evcles.

8-bit DMA Channel 1 (READ/WRITE)

Bits Values and Functions
83H 70 Address bits A16-A23 during 8-bit DMA(DACK]) cycles.
Unused
Bits Valuss and Functions
84H 70 Not defined.
Unused
Bits Values and Functions
85H T0 Not defined.
Unused
Bits Values and Functions
. 86H 70 Not defined.
8-bit DMA Channel 0 (READ/WRITE)

Bits Values and Functions 7
£TH 7.0 Addrese bire A16-23 durine 2-hit DMAMACKO) curlee.
Unused
Blts Valuss and Functions
S8H 7:0 Not defined.
16—bitDM4 Charnnel 2 (READ/WRITE)
Bits Values and Funclions
$0H 70 Address bits A17-23 during 16-bit DMA(DACKS) cyeles.
16-bit DMA Channel 3 (READ/WRITE)
Bits Values and Functions
RAH 7:0 Addresy bits A17-23 during 16-bit DMAMDACKT) eycles,
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VO Port 8BH 16-bit DMA Channel 1 {(READ/WRITE}

Rite Valuas and Funetione
8BH 7:0 Address bits A17-23 during 16-bit DMA(DACKS) cycles.
|
YO Port 8CH Unused
Bits Values and Functions
8CH 70 Not defined.
|
VO Port 8DH Unused
Bits Values and Functions
by 7:0 Not defined.
—
VO Port 8EH Unused
Bits Values and Functions
8EH 7:0

Not defined.

VO Port AOH INTC2 Initialization Command Word #1 (15T WRITE ONLY)

Bit Values and Functions
AOH 75 QXX): Don’t Cares.
o 4 Stant Initialization Sequence.
{0y Do not begin imitialization sequence.
1: Begin saquence and write 10 ICW1L L
3 Interrupt Level or Edge Trigger Select. . . -
- 0. Edge Trigper enabled; Low 20 high tranitions.
. 1: level Trigper enabled; Active high.
- 2 _(X): Dou't Care,
|

VO Port ATH INTC2 Initialization Command Word #2 (ZND WRITE ONLY)

Values and Functions

rrv?__pﬁ_hutnfmlmﬂmmhu- Thess bite acn
pwgnm:blewthea’-ﬁ 'I'helowenh:eehudﬂ:vedorm
genemated by the Priority Resolver during interrupt acknowledge.

I
V0 Port A1H INTC2 Initialization Command Word #3 (3RD WRITE ONLY)

Bits Vaiues and Functions
AlH 7:3 Bits 7 to 3 should be zero.
20 Bits 210 0 determines the Slave Mode address the controller will

__Tespond to during the cascaded INTA sequence.

+ Note:

CHIPS and Technologies, inc.
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VO Port A1H INTC2 Initialization Command Word #4 (4TH WRITE ONLY)

Blts Vaiues and Functions

75 XX): Don't Cares.

4 Enable Muttiple Interropts from the same channel in Fixed
Priority Mode. This allows INTC2 to fully nest interrupts, when
Cascade Mode with Fixed Priority Mode are both seiected

3:2 (XX): Don't Cares.

1 Auto End of Interropt epable. This bit is active low. The

controller will ormanonrpea.ﬁcEOIonth:mmug
edge of the second INTA cy

0

(X): Don't Care.

VO Port ATH INTC2 Operational Command Word #1 (READIWRITE)

Bits

Vajues and Funciions

IR7 Mask bit.

(0): Nomask.

1: MaskIR7.

IR6 Mask bit.

(0): Nomassk.

1: MaskIR6.

(0 Nomask.

1: Mask IRS.

IR4 Mask bit.

{0): Nomask.

1: Mask IR4.

IR3 Mask bit.

(0): _ Nomask.

1= Mask IR3,

IR2 Mask bit.

{0} Nomask

1: MaskIR2.

ot |

TR1 Mask hit.

(0): Nomask.
1: MaskIR1.

IR0 Mazk bit.

(@): Nomask,

1 Mael-TRO

&y AVemsm ADwwe
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]
VO Port AOH INTC2 Operational Command Word #2 (2ND WRITE ONLY)

Blis Values and Functions
AOH 7 Rotate function select. Bit 7 is used in conjunction with bits 6
and 5 to select operational function.
87 B6 BS Funetion
1 0 [+ Rouite on auto EOT enable.
1 o 1 Rotate on non-specific EOL
1 1 0 Specific Rotatz Command.
1 1 1 Rotats on specific EOL
6 . Specific or immediate function select. Bit 6 is used in
conjunction with bits 7 and 5 to select operational function.
B7 B6 B5 Function
L+ 1 0 No openation.
4] 1 1 Specific EOI Command.
1 1 o Specific Rotate Command,
1 1 1 Rotate on specific EOL ,
s Function related 1o EOI select. Bit 5 is used in conjunction with
bits 7 and 6 1o gelect operational function.
87 B6 BS Function
0 1 1] Non-specific EOI Command.
0 1 1 Specific EOI Command.
1 1 o Rotate on non-specific EOL
1 1 | Rotate on specific EOL
4 Interrupt controller out of initislize mode select.

: Disable initislization mode and write OCW?2 and OCW3,
1: Ensble initialization mode.
3 Openational Command Word Select,

0: OCW2 selected.
1: OCW3 sclected.

2:0 Bits 2:0 are intemally decoded to select which interrupt Md
if 10 be affected by the Specific Command.

000: IR7.

001: IR6.
010: IRS.
011: IR4.

100: IR3.
101: TR2. _ . . - -
110: IR1.
11i: IROG.
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]
Y0 Port AOH INTC2 Operational Command Word #3 (3RD WRITE ONLY)
Bits Values and Functions
AQH 7 Bit 7 must be set 1o 0 for proper cperation.
{0): Necessary valuc.
6 Enable Special Mask Mode.

(0): Special Mask Mode bit becomes 2 don’t care.

1: Enable Specisl Mask Mode bit.

5 Special Mask Mode.

{0): Reset Specia? Maszk.

1: Se: Special Mask.

4 Interrupt controlier out of initiafize mode select. -

0: _Disable initialization mode and write OCW2 and OCW3,

1: Enable initialization mode.

3 QOocrationa! Command Word Select.

O: OCW2 stlected.

1: OCW3 selected.

2 Enable Poll Command.
(0): No Poil Command.
1: Poll Command.
i Enable Read Register Command.

(0  Read Register bit becomes & don't care.

1: Enable Read Read Register Command bit.

0 Read Register Command.

(0): Read Interrupt Request Register on next RD- pulze.

1: Read In-Service Regigter on next RD- pulse.

T
VO Port COH DMAZ2 Channel 0 Address Register (READIWRITEIFLIP-FLOP})

Addr Bits <OR -“OW FF  Vaiues and Functions
COH 7:0 0 1 0 Read current Jow byte address.
0 i 1 Read corrent high byte 2ddress.
_ 1 8 0 ‘Write base & current low byte address.
. e 1 ¢ 1 Writebaee & corrent bhigh byte address.
|
VO Port C2H DMA2 Channel 0 Word Count Register (READIWRITEIFLIP-FLOF)
Addr Bits <OR 40w FF  Values and Functions
C2H 10 ] 1 0 Read coment word count low byte.
0 1 1 Read cutrent word count high byte. ]
1 1 0 Wiite base & current woed count low byte.
b 4 (1] 1 Werte hass & rorevwedt wirnad sruved hish s
1 0 1 Write bass & corrent word coont high byte,
|| ‘

VO Port C4H DMA2 Channel 1 Address Register (READ/WRITE/FLIP-FLOPF)

Addr Bits <OR <SOw FF Vaiuas and Functions
C4H 70 0 1 (4] Read carrent low byte address.
0 1 3 Read current high byte address.
1 4] 0 Write base & current low byte address.
H & 1 Write base & cumrent high byte sddress,
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{0 Port C6H DMA2 Channel 1 Word Count Register (READ{WRITEIFLIP-FLOF)

Addr Bits 4OR 0w FF Values and Functlons

C6H 70 0 1 0 Read current word count low byte,
0 1 1 Read current word count high byte. i
1 0 0 Write base & cutrent word coumt Jow byte.
1 0 1 Write base & cument word count high byte.

VO Port C8H DMA2 Channel 2 Address Register (READ/WRITEIFLIP-FLOP)

Addr Blits -OR SOW Fr Values and Functions
C8H 7:0 0 1 0 Read current low byte address,
0 1 1 Read current high byie address,
1 0 O Write base & current low byie address.
1 0 1 Write base & current high byte address.
|

YO Port CAH DMA2 Channel 2 Word Count Register (READ/WRITE/FLIP-FLOP)

Addr Bits <408 JOW FF Values and Furictions
CAH 70 0 1 0 Read current word count low byte,
0 1 1 Read current wond oount high byte.
1 . D 0 Write base & current word count low byte.
1 0 1 Wrilc bete & corrent word count high byte.
N

VO Port CCH DMA2 Channel 3 Address Register (READ/WRITE/FLIP-FLOP)

Addr Bits -1OR oW EF Values and Functions

- CCH 70 o 1 0 Read current low byte addrens,
O 1 1 Read current high byte address.
1 0 0 Write base & current low byte address.
1 L 1 Write base & crent high byte address.

I
VO Port CEH DMA2 Channel 3 Word Count Register (READ/WRITE/FLIP-FLOP)

Addr Bits -<1OR JOW FF Values and Funclions
CEH 70 ¢ 1 0 Read current word count low byte.,
0 1 1 Read corrent word count high byte.

1 4 0 ‘Write base & current word count low byte.

1 L4 1 Write base & current word count kigh byte.
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|
VO Port DOH DMA? Status Register (READ ONLY)

Bhs Valuss and Functions

DOH 7 Chiarmel 3 pending DMA service,

(0): DRQ3 not active.
1: DRQ3 active.

) Channel 2 pending DMA service.
{0): DRQ2 not active.
1: DRQ2 active.

5 Channel 1 pending DMA service,
{0): DRQ! not active.
1: DROI active.

4 Chamel O pending DMA service.

{0): DRQOD not active.
1: DROO active.
3 Channel 3 Terminal Coont status.

(0): TC pot reached.
1: Charmel 3 has reached TC,

2 Chammnel 2 Terminal Count stams.

{0): TC not reached.
1: Channel 2 has reached TC.

1 Charmel 1 Terminal Cotmt status.

{0): TC not reached,

1: Channel 1 has reached TC.
0 Charmel 0 Terminal Count status,

(0): TC not reached.
1: Channel () has reached TC.

I
V0 Port DOH DMAZ2 Command Register (WRITE ONLY)

Bits Values and Functions
- DOH 7 -DACK input active level.

(0): -DACK xctive low.

1; -DACK active high.

6 DREQ input active level.
{0): DREQ active high.
1: DREQ active low.
5 Extended Write enable.
" _{0): Write commands are asserted lat=.

1: Write commands are asserted one DMA cycle earlier during »
transfer.

4 Priority type for chamnel servicing.
(0): Fixed priority.
1: Rotating priority.

3 Transfer compression enable.
(0): Normal timing, three cdlock cycle transfer.
1: Compressed iming, two clock cycle transfer.

2 Master disable for the DMA controller.
(0): DM A controlier enable.
1: DMA controller dizable.

1 Address hold doring memoty-to-memory trensfers.
{0): Address hold for Charmel O disable.
1: Address hold for Charmel O enable.

(4] Memory-to-Memory transfer enable.

’ {0): Memory-to-Memory transfers ditable.

1: Memory-to-Memory transfers for Channel 0 and 1 enable.
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VO Port D2H DMA?2 Request Register (READ ONLY}

Bits Vaiues and Functions
D2H 74 {1111): These bits are always set during a read.
3 Request bit for Channel 3.

{0): No request pending.

1+ Ramest mendine for Channal 1
a1 NSOUES pending Iortaannal 2.

2 Request bit for Channel 2,

(0): No request pending.
1: Request pending for Channel 2.

i Request bit for Channel 1.

(0): No request pending.
1: Request pending for Channel 1.

[ Request bit for channel 0.

(0): No requent pending.
1: Request pending for Channel 0.

VO Port D2H DMAZ2 Request Register (WRITE ONLY)

Bits Vaiues and Functions

D2H

73 O ): Don*t Cares.

2 Request bit.

(0): Reser Request bit.
1: Sex Request bit.

1:0 DMA Channel Request bit Selection.

(00): DMA Chaxmel 0.
01: BMA Chamnel 1.

10: DMA Channel 2.
11: DMA Charnel 3.
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I
VO Port D4H DMA2 Command Register (READ ONLY)

Bits Values and Functions

D4H 7 -DACK input active level.

{0): -DACK active low.
1: -DACK sciive high.

6 DREQ input active level.
{0): DREQ) active high.
1: DREQ sctive low.

5 Extended Write enable.
(0): Write commands are aszeried late.
‘lz:‘:féiucmmdsseumwdmeDMchkarﬁa&nhga

er.

4 Priotity type for channel servicing.
(0): Pixed priority.
3 Transfer compression enable.
(0): Normal timing, three clock cycle transfer.
1: Compressed timing, two clock cycle transfer,
2 Master disable for the DMA controlier.
(0): DMA controlicr enable.
1: DMA controfler disable.
1 Address hold during memory-to-memory transfers.

{0): Address hold for Channel O disable
1: Address hold for Channel O enable,

0 Memoty-to-Memory transfer enable.
{0): Memory-to-Memory transfers dizable.
i: Memory-to-Memory trantfers for Channe] 0 and 1 enable.

]
VO Port D4H DMAI Single Bit Request Mask Register (WRITE ONLY)
Bits Values and Functions
> : D4H 73 £000XX): Don't Cares.
2 Mask bit,
(0): Clear Mask bit.
1: Set Mask bit.
10 DMA Channel Mask bit Selaction.

(00): DMA Channel 0.
01: DMA Channel 1.
10: DMA Channel 2.
11: DMA Channel 3.

|
VO Port DEH DMAZ Mode Register (READIWRITE)
Bits Vaiuves and Functions
D6H 7:6 Charnnel Mode type.
5 Address commiing direction.
4 Autoinitialization enable.
32 Type of transfer.
1.0 DMA Channel Mode Selection.
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I
VO Port D8H DMA2 Set Byte Pointer Flip-Flop (READ ONLY)

Bits Values and Functions
DsH 7:0 Bits 7:0 are doni"t cares. The Sﬂ:}ym Poinl.erl‘]%—l’-'lop Clear
command is activated as & result of the address 0D8H access and

the agsertion of -JOR. This command allows the CPU to adjust
the pointer io the high byte of an sddress or word count register.

N
VO Port DBH DMAZ2 Clear Byte Pointer Flip-Flop (WRITE ONLY)

Bits Values and Functions
DSH 70 Bits 7:0 are don’t cares. The Clear Byte Pomnter Fﬁﬁﬁcp Clear
command is activated as & result of the address OD8H access and

the assertion of -JOW. This command allows the CPU to sdjust
the pointer to the low byte of an address or word count register.

]
VO Port DAH DMA2 Temporary Register (READ ONLY)

Blits Values and Functions

DAH 70 Bits 7:0 contains values of XD<0:7> during the first cycle of 2
memory-to-memory transfer. Data from the last
memory-to-memory transfer will remain in the register unlesz a

RESET or Master Clear occurs.

o
V0 Port DAH DMA2 Master Clear (WRITE COMMAND ONLY)

Bits Yalues and Functions

DAH 70 Bits 7:0 are don't cares. The Master Clear command is activated
as a result of the address ODAH access and the aszertion of -JOW.

Thiz command has the same effect 2z a hardware RESET. The
Command Rﬁ' , Status Register, Request Register, and Byte

Register is

Painter Flip-Fiop are cleared and the Request Mask
. et. _ . ,
I
YO Port DCH DMAZ2 Clear Mode Register Counter (READ COMMAND ONLY)
Bits Values and Functions
DCH 70 Bitz 7:0 are don’t cares. The Clear Mode Register Counter

command is activaied as a result of the address ODCH acoess and
the assertion of -JOR. 'This command is provided 1o allow the
CPU 1o restart the mode read sunimownmim. After
clearing the counter all four Mode Reginters may be read by
daing successive reads to the Read Mode Register address. The
order in which the registers will be read is Channed 0 first,

Channel 3 last. )
I
Y0 Port DCH DMAZ2 Clear Request Mask Bits (WRITE COMMAND ONLY)
Bits Values and Functions .
DCH 70 Bits 7:0 are don't cares. The Clear Mask Register command is

activated as a result of the address ODCH access and the sssertion
of -IOW. This command enables all four DMA channels to
sccept requests by clearing the mask bits in the register.
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|
VO Port DEH DMA?2 Request Mask Register Bits (READ/WRITE)

Valuas and Functions

DEH

T:4

OO Don't Cares.

3

Channel 0 Mask bit.

0: No bit mask, channel enabled.

" (1): Bit mask, charmnel disabled.

{

Chayme] 1 Mask bit.

0: No bit mask, channel enabled.

(1): Bit mask, chaonel disabled.

Channel 2 Mask bit.

0: No bit mask, channel enabled.

(1): Bir mask, charmel digabled.

Channel 3 Mask bit.

0: No bit mask, chanmel enabled.

(1): Bit mask, charme] disabled.

IO Port 61H Control PortiStatus

Bits Values and Functions
61H 7 PARITY CHECK (resad only). This bit indicates an crror has

occurred on the local memory.
0 =10 etror oecurred.
1 = an error ocourred.

6 IOCHCK (read only). This bit indicates an JAO charmel check has
occurred (2suaily 2 parity error) on the system IO channsl.
0 = no error occurred.
1 = an error ocourred.

5 TIMER 2 OUT (read only). This bit retums the condition of
timer 2 output.

4 REFRESH DETECT (read only). This bit toggles oneach
refresh cycle.

3 JTOCHCK DISABLE (n:ad!wm:.) Th.x: bit disables NMI
generation for channel check
0 = enables NMI (defanlt).
1 = disables NML

2 PARITY DISABLE (readfwrite). This bit, in ]Jsu.ucn
the auxiliary parity disable bit (AUX PARITY D LE) of
intemnal configuration register 46H, is nied to disable parity emor
ecm!.rohmmu 1o the N}E It is Jogically ORed with AUX
PARITY DISABLE. Thus, g:l:m iz disabled if elther this
bit (PARITY DISABLE) or PARITY DISABLE bitis
set 10 & logical one.
0 =Parityis enabled (default).
1 = Parity is dizabled.

1 SPEAKER DATA (read/fwrite). This bit gates the output of
channei 2 of the timey/counter,
0= Output is disabled (defank).
1 =Output is cnabled.

0 TIMER2GATE (read/write)Controls operation of timer channel 2.
0 = Channel 2 timer operation is disabled (default).
1 = Channel 2 timer operation is ensbled.
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23 1O Map

[

Table 2-1.  IPC and Address Buffer's Internal Decode

Device Address Range
DMA Controller #1 000H-00FH
Interrupt Controfler #1 020H-021H
Coufigmation Registers _ooRonH
Counter Timer Controller ~ Q40H-D43H
Real Time Clock {CMOS RAM) 070H-071H
DMA PAGE Registers 080H-0SFH »
Tnterrupt Controtler #2 OAOH-DA1H
DMA Controller #2 OCOH-UDFH
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Table 3-1.

I 356 Pin Descriptions

Pin Descriptions

3.1 Pin Assignments

Clocks

Pin ¥

Symbol Type Signal Description

74 14.31818MHz crystal oscillator input. A crystal is connected between

CX} and CX2.

g B

75 14. SISJM{zaa]hmmnpuwmcayml. A crysial is cormected

berween CX1 and CX2.

2
0

14 3181 8MHz ousrrart derived froem the crystal. This i¢ nxed 10 drive

the AT bas (h:ectly (requires & series renslor) 24mA drive capability.

0s5Cn2

T2 Thiix is 2 1.19MHz dock(TTL) derived from dividing the
14.31818MHz input crystal. Used intemnally for the 8254 clock. 4mA

drive capability.

BUSCLK

a5 BUS CLOCK 15 used 1o generated the timing signals that contral DMA
operations. ‘This input may be driven from DC to 10MHz. The
internal clock used for DMAC is either BUSCLK or BUSCLK2
depending on the setting of DMA CLOCK SELECT hit in the

configuration repister O1H,

I
Tabile 3-2.

RESET and Arbitration

"Pin#

Symbol Type Signal Description

RESET4

110 I RESET4 is an active high input from the 82C351 which effects the
following registers:

DMA Coatrollers: Clears the command, Stams, DMA anuut
Temporary régister, First/Last flip-flop; scts the mask register.
Fallowing reset, the DMA controller is in an idle state.

INTERRUPT Controlier: Clears the ndgr, senie cmt:u.tr., the i interrupt
mask regisier, il JOW4 funciions, IRQO is assigned highest priofity,
slave address is ot 10 7, special mask mose is disabled, and status read
issettoIRR.

HRQ

42 HO[DREQUESTnmacuvc}nghauputmdnmadlomqucn
control of the syst=m bus. HRQ is normally connected directly 1o the
82C351"s HRQ1 pin. However, HRQ may be tied to HLDA. This will

resnlt in one SO state before the transfer. 4mA drive capability.

HIDAL

HOLD ACKNOWLEDGE 1! is an active high input signal from the
82C351 and indicates the CPU has relinquished control of the system
busses in response to HRQ.
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Table 3-3. DMA Controlier

Pin #

Symbol

Type

Signal Description

DREQ<0:3>

21-18

I

DMA REQUEST lines are individual asynchronous channel request
inputs nsed by periphenls to obtain DMA service. DREQO threogh
DREQS3 support 8 bit transfers between $bit [0 and Sor I6 bt
SYSIEm Memory.

In fixed priority, DREQO has the highest priority and DREQ7 has the
lowest pricdity. A request it generated by activating the DREQ Ene
of a channel. -DACK will acknowledge the recognition of & DREQ.
Polarity of DREQ is programmable. Unused DREQ inpuas should be
pulled high or low and the corresponding mastk bit set. DREQ<(:3>
fines have internal 10K pull-ups.

DREQ<57>

8-10

DMA REQUEST are individual asynchronons channel request inpate
used by periphenals 1o obtain DMA service. DREQS through
DREQ?7 support transfers between 16-bit peripheralz and 16-hit
systern memory. In fixed priority, DREQQ has the highen priority
and DREQT has the Jowest priority. A reqoest is generated by
activating the DREQ line of a channel. -DACK will acknowledge
the recopnition of s DREQ. Polarity of DREQ is programmable.
Unused DREQ inpats should be putled high or Jow and the
correzponding mask bit set. DREQ<S:7> lines have intermal 10K
puallups.

“DACK<:3>

1714

DMA ACKNOWLEDGE -DACKO through -DACK3 are outputs of
the §-bit DMA controller, and are used 1o notify the individual
peripherals when one has been granted £ DMA cycle. The active
polarity of these lines are programmable. 4mA drive capability.

~DACK<S:7>

11-13

DMA ACKNOWLEDGE -DACKS through -DACK?7 are catputs of
the 16-bit DMA controlier, and are ts2d to notify the individusi
peripherals when one has been granted a DMA cycle. The active
polarity of these lines are programmable. 4mA drive capability.

TERMINAL QOUNT is an active high signal and is generated by the
DMA Controller when the tenminal count for anmy channel is reached,
cxcept for channel 0 in memory Lo memory mode, During memary
to memory transfers TC will be palsed when the TC for channe] 1
occurs, 24mA drive capability.

ADDRESS ENABLE for 8 bit DMA transfers iz an active low signal
and is the output enable for the 8 bit laich containing the vpper §
address bits (A8-A15), It is inactive when an external bus masier

controls the sysiem bas. 4mA drive capability.

'-AEN16

ADDRESS ENABLE for 16 bit DMA transfers it an active low
signal and is the output ensble for the 8 bit Intch containing the upper
8 address bits (A9-A16). It is insctive when an extemnal bus master
controls the systern bus, 4mA drive cepability.

-MSE(AEN}

MODULE SELECT ENABLE enables the chip select function on
one of the following modules: (DMA controlier, Interrupt controlier,
Timer, RTC, DMA Page Reginer, or the Configurstion registers).
Address Enable (for the DMA controller) is active Chigh) during any
DMA cytic, ind low for Cr U, Refresh, a0d AT bus miiies cydics.
24mA drive capsbihity.

-ICR

112

J/O Read is an active low bi-directional signal. In an idle cycle,
(non-DMA or non-interrupt), it it & tchmin triggered input control
signal ased by the CPU to read information from the 82C356"s
intemal registers. n an acuve DMA cycle, it is an cotput control
signal used by the DMA Controller1o read data from s peripheral
during a DMA read transfer. 24mA drive capability.

JoW

111

I/0 Write is an active low bi-directiona] signal. In anidle cycle,
(non-DMA or non-interrupt), it is a schmint triggered input control
signal uged by the CPU to write information 10 the §2C356's internal
registers. In an active DMA cycle, it is an cutput control signal used
by the DMA Controlier 1o write data to a peripheral during s DMA
read transfer. 24mA drve capshility.
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Table 3-3.

IR 356 Pin Descriptions

DMA Controller {continued)

Pin¥#  Symbol

Type

Signal Deacription

-MEMR 6

O

MEMORY READ is an active Jow thres-statc output (active only
during DMA cycles) and is used 10 sccess data from the selected
memory location during 2 DMA read or memory to memory transfer.
24mA drive capability.

MEMORY WRITE if an active low three-siate outpot {active during
DMA cycles only) and is used to wrile daia to the seiecied memory
location during DMA write or memory 1o memory wransfer, 24mA
drive capebility.

IOCHRDY 113

/O CHANNEL READY is a bi-directional signal. Daving inpat mode,
driving IOCHRDY low causes the intemal DMA ready signal to go
low arynchronously. When JOCHRDY goes high, one DMA Clock
cyde will elapze before intzrnal DMA Ready goes high. This signal is
used to extend memory read and write pulses for the DMA controllers
to accommadate slow memories or /0 devices. During output mode,
this pin iz an open drxin ouiput and provides an active low output
whenever an 82C356 regisier is addressed for a read or write.
JIOCHRDY provides a means of introducing a programmed nomber of
wait-siazes for IO readfwrile eydes 1o the 82C356. 8mA diive
capabilily.

Table 3-4. Interrupt

Pin# Symbol

Typa

Signal Description

IRGL 128

INTERRUPT REQUEST 1 is an asynchronous input (normally from
pin 35 of the 8042 in 2 PC/AT). An inferuupt request is executed by
naising an IRQ input from low 10 high and holding it bigh vntd it is
acknowledged (edge triggered mode) or just & high level on an IRQ
input (Jevel triggered mode). This signa! has 2 10K internal puliup.

RQ<37> 129-133

INTERRUPT REQUESTS 3 through 7 are asynchronous inputs from
the AT bus. An intcrrupt request i3 executed by raising an IRQ input
from low to high andholdmgnh:gh antl it is acknowledged (edge

triggered mode) or ingt 2 hinh leval on an TRO inmat Nevel trioomred

LAREVILAS LiIUAR, § 21 Tais W SLAEdl Ay bk S M AR el AEEpee LW T A A

mode). These ngguls have intemal 10K pull-vps.

IRQ<9:15>  134-140

INTERRUPT REQUESTS 9 through 15 are asynchronous inputs and

are executed by raising s IRQ input fram low to high and holding it
high until it is acknowledged (edge triggered mode) or just a high level
mmRQmpm(levdmggaudmode), These signals have intermal

| —— 1D s d e L _ ATV DAY __ATR/AA 1A
.lunpuu-ulx J.l\\‘ Aaummmaotunrnulnun\wla. _

IRQ14-15 are connected o the AT bus.

143

INTERRUPT goes high whenever a valid intermpt request is asserted
and iz connected to the 386DX w interrupt the CPU. 4mA drive
capability.

INTERRUPT ACKNOWLEDGE from the 82C351 iz an sctive Jow
signal and is used 10 enable the interrupt controllers 1o voctor data oato
the data bus by a sequence of interrupe acknowledge palses insued by
the CPU.

Pin# Symbol

Type

Signal Dascription

ouT1 78

QUTPUT 1 is the output of TIMER 1 and is programmed az s mte
generator 1o produce 215 uS period signsl vsed to request a refresh
cycle. 4mA drive capability, connected to REFREQ of the 82C351.

SPER 17

SPEAKER gatis the speaker data and Timer Out 2 to drive the intemnal

PRELIMINARY
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M 356 Pin Descriptions

|
Table 3-6.  Real Time Clock
Pin# Symbol Typs Signal Description
-PSRSTB 126 I -PSRSTB is an active low input and is vsed to establish the conditicn

of the control reginers when power is applied 10 the device. Ina
PC/AT compatible design, this pin should be tied to the battery
back-up cireait. -PSRSTB low sets a bit in RTC indicating power has
been lost.

OSCIIRQ8 141 I  OSCILLATOR INPUT is & schmitt triggred input nsed as a base for
the time functicns. External square waves of 32.768KHz may be
comnected 10 this input. 'When the external RTC is ensbled throogh
index egister 261, this pin is connected 10 IRQE instead of OSC.

PWRGD i27 I  POWER GOOD must be high for all bos cycles in which the CPU
accesses the 820356, When PWRGD it low, all address, datx, data
strobe, and B/W pinz are disconnected from the proceszor.

RTCAS 33 0  REAL TIME CLOCK ADDRESS STROBE is an active high ontput
and is pzed 1o de-nultiplex the bus on an exiemal MC146818
REAL-TIME CLOCK plus RAM peripberal device, The falling edge
of RTCAS causes the address 1o be Istched within the MC146818.
4mA drive capability.

RTCDS 34 O  RTCDATA STROBE i1 an active high output and is nied to control

~  the bi-directional bus on an external MC146818 REAL-TIME CLOCK
plus RAM peripheral device. During a read cycle, (RTCRW high), the
RTCDS output drives the bus with the read data. On the other hand,
during a write cycle (RTCRW low), the RTCDSs trailing edge canses
the MC146818 to latch the writien data. 4mA drive capability.

RTCRW 32 O  RTCR/MW CONTROL OUTPUT is used to indicate read or write mode
for an extermnal MC146818 REAL-TIME CLOCK plus RAM
peripheral device. A high level on RTCRW indicates to the
MC146818 that the current cycle is a read cycle. A low level on
RTCRW indicates to the MC146818 that the corrent cycle is 2 write
cvcle 4mA drive capability.

| ~
Table 3-7. NMI Logic
Pin # Symbol Type Signal Description
-LPAR . 29 I LATCHED PARITY ERROR is an active low input (from Lhe

§2C355) and indicates a perity error during a DRAM resd. When
active it will cause an NMT to be generated.

OCHCK ‘31 1  JOCHANNEL CHECK is an active Jow input and it nzed to signal an
ezror condition form an 1O device. Whiea active snd enabiled, it canses
an NMI to be genemted.

PCUNMIIN 3¢ I POWER CONTROL NON MASKABLE INTERRUPT INPUT isa

programmable input from the power control unit. It is an active low

input signal by defaukt and can be programmed by bit 3 of index.

register 26H to be either active low or active high. Bit 4 of index 26

ensbles or disables this feamre. If the PCU is not used, PCUNMIN

should be tied 10 Vg for the 820356 to operste commealy.

NMI 76 O  NON-MASKABLE INTERRUPT is an active bigh output and iz
commected 10 the NMI of the CPU. 4mA drive capability.
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I
Table 3-8.  Address Buffers Decodes
~ Pin#  Symbot Type Signea! Description
XA<D:1> 3839 1O EXPANSION ADDRESS bits 0 xnd 1 are bidirectional signals. They

are outputs for DMA and AT master cycles and Inpatn for CPU cydes.
These are connected 1o the 82C351 which converts them to and from
the byte ensbles. 4mA drive capability.

AL2:23> 40-49, IO LOCAL ADDRESS bus bits 2 through 23 are bidirectional signals,
51-53 topais during TPUFAT cyries and ouiput during DMA fmaster cycies.
5563 AmA drive capability. )
SA<D19> 82-85, KO  I/O CHANNEL (AT) address bus. Input for AT master cycles. Cutpart
£7-90, at all other times. 24 mA drive.
92.95,
97-100,
102,
104-106 . , . _
-B042CS 25 O 8042 CHIP SELECT is a active low signal and is a 10 decode of
addresses 060H or 064H. 4mA drive capability.
INTCLR 77 O  INTERRUPT CLEAR is an active high output signal and is used to

clear IRQ13 from the 387DX PLD. INTCLR is generated during
RESET, Out command 1o port FiH, or Out command to port F), 4mA
drive capability,

XDIR 26 0 X BUS DIRECTION controls the direction of data ransfer within the
82C355 between the peripheral bus and the JO channel, When low,
XDIR. thould drive the SD bus signals toward the XD bus. When high
XDIR should drive the XD bus signals toward the SD bus, XDIR is an
J/O decode of ports on the XD but ANDed with -JIOR., #mA drive

capability, e
-ROMCS prac I  ROM CHIP SELECT iz an input to generate XDIR during ROM read
cycles. This is connected to -ROMCS of the 82C351. _
-REF ~ 68 I REFRESH is an active low input from the 82351 or an IO device on

the AT bus which mcrements the address counter (n the 82C356) and
controls the address buffer direction. When active, the content of the
refresh address counter iy gated to the SA address bus. On the rising
edge of -REF, the intemal refresh counter is incrernented

-MASTER 6% I BUS MASTER is active low input signal f generated by & device
active on the AT expansion Bus. It has an internal 10K Ohm puli-up
N resistor, ) . -
-MALE 70 I  MEMORY ADDRESS LATCH ENABLE latches iocal addresses into
the address registers on the rising (trailing) edpe.
. -ATEN 67T I AT BUS ENABLE is an active low input signal from the £2C35] and

is active when the CPU is performing an AT bus access.
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[
Table 3-9.  Data Bus and Powers

Pin# Symbol Type Signal Description

XD<0:T> 121-114 IX>  Data bits O through 7 are 3-state bi-dircctional Dats Bus lines and are
connected to the synem data bus, (the XD bus), in 2 PC/AT design.
The cutpots are enabled in the program condition during the /O
READ 1o output the contents of the DMA controller registers, the three
Interrupe Controller registere, the Timer/Counter registers, the Real
Time Clock"s intermnal registers, index register 26H, port B, and
programemahle chip select reginers. Duoring aa 120 WRITE cyde, the
outputs are disabled and the CPU can program the DMA Controller
registers, the Interrupt Controller registers, the Timer/Comnter
registers, the DMA Page register, the Real Time Clock registers, the
internal RAM, index register 26H, port B, and programmable chip
sclect registers. During DMA cycles, the most significant 8 hits of the
address are output onto the data bus to be sirobed into an external Lach
by AENS- or AEN16-.

During memory-to-memory operations, data from the memory cames
into the DMA Controller on the data bus dmmgarud from the
memory. During the miemupt sequence, the interupt controllers
output the interropt vector byte on the datz bus, Data but XD<(:7>
al30 acts as the multiplexed address/data bus for the Real Time Cloek.
h : : - TEST 124 Tied to ground.
- Veo 1,24, 54,71, +5V £5% Power Supply.
79, 103, 109,
125,144 _
Gnd 7,.22,36,37, Gromnd.
50,64,65,73,
81, 86,91, 96,
101, 108, 122,
123
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I
Tabla 3-10.

3.2 Numerical Listing of Pin Assignments

B 356 Pin Descriptions

Numerical Pin Assignments

Pin Signal Pin Signal Pin Signal Pin Signal

1 Voo 37 Vis 13 Vis 109 Yeo

2 TC 38 XA0 74 CX1 110 RESET4 _
3 -AEN16 39 XAl 75 CcxX2 111 -IOW

4 -AENIS 40 A2 76 NMI 112 -IOR

5 -MEMW 41 Al T7 INTCLR 113 IOCHRDY

6 -MEMR 492 Ad 78 OUT1 114 XD7

T Vis 43 AS 79 Vec 115 XD6 o
8 DREQS 44 A6 80 0SC 116 XD5

9 DREQ6 45 A7 81 Vis 117 XD4

10 DREQ7 46 A8 22 SAQ 118 XD3

11 -DACKS 47 A9 83 SAl 119 XD2

12 -DACKS 48 AlQD 84 SA2 120 XDl

13 ~-DACKT 49 All 85 SA3 121 XDo .

14 -DACK3 50 Vis B6 Vi 122 Vis

i5 -DACK2 51 Al2 87 SA4 123 Vi i

16 -DACK1 52 Al3 88 SAS 124 TEST356

17 -DACKO 53 Ald 89 SA6 125 Veo

18 DREQ3 54 Vee o0 SA7 126 -PSRSTB :
19 DREQ2 55 AlS 91 Vis 127 PWRGD

20 DREQ1 56 Al6 92 SAS 128 IRQ1

21 PREQC _57 Al7 2 SA% 129 RQ3

2 Vix 58 Alg 94 SAID 130 TRQ4

n -ROMCS 9 Alg 95 SAlt 131 IRQS

24 Vee 60 A20 96 Vis 132 IRQS

25 -8042CS 61 A21 97 SAl12 133 RQ7

26 XDIR 62 A22 98 SA13 134 TRQ9

27 -MSE(AEN) 63 A23 9% SAl4 135 IRQ10

28 -INTA &4 Vis 100 SAlS 136 RQI1

29 -IPAR 65 . Viz 101 Vis 137 IRQ12 B
30 PCUNMIN 66 HLDA1 102 SAl6 138 IRQI3

3i SOCHCK 67 -ATEN i03 Vee i30 IRQI4

32 RTCRW 68 -REF 104 SAL7 140 IRQIS

33 RTCAS 6 -MASTER __ 105 SAlg 141 OSCIIRQS

e RTCDS 0 -MALE 106 SAI9 142 HRQ

35 BUSCLK T Vee 107 SPKR. 143 INTR

36 Vis T2 0s5CN12 108 Vis 144 Vee
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3.3 Alphabetical Listing of Pin Assignments

|
Table 3-11. Alphabetical Pin Assignments

Signal Pin Signal Pin Signal Pin Signsl Pin
-AENiS 3 DREQ1 20 OSCIRQE 14l Vg 24
-AEN1S 4 DREQ2 19 OSC/12 72 Veo 54
-ATEN &7 DREQ3 18 OuUT1 78 Ves T
A2 40 DREQS 8 PCUNMIN __ 30 Voeo 79
A3 41 DREQ6 9 -PSRSTB 126 Vo 103
Ad 42 DREQT i0 PWRGD 127 Vi 109
A5 43 HLDA1 65 -REF 638 Ve 125
AS 44 HRQ 142 RESET4 110 Vec 144
A7 45 -INTA 28 -ROMCS 23 Vss 7
AB 46 INTCLR 7] RTCAS 33 Vis 22
A9 47 INTR 143 RICDS 34 Vis 36
Al0 48 JOCHCK 31 RTCRW 32 Vi 37
All 49 IOCHRDY 113 __SA0 82 Vis 50
Al2 51 IO0R 112 SAl 83 Vi 64
Al3 52 -IoOwW 111 SA2 84 Vas 65
Al4 53 IRQ1 128 SA3 g5 Vi 73
Al5 55 RQ3 129 SA4 87 Vi 81
Alé 56 RG4 130 SAS 83 Vis 85
A7 57 IRQS 131 SA6 89 Vis 91
Alg 58 IRQ6 132 SA7 50 Vis 96
Al9 59 RQ7 133 SAS 92 Vzz 101
A20 60 RQY 134 SA9 93 Vs 108
A2 61 RQI0 135 SA10 94 Vi 122
A2 62 TRQ11 135 SAI 95 Vis 123
A73 63 IRQ12 137 SAI2 97 XA0 38
BUSCLX 35 IRQ13 138 SAl13 98 XAl 39
X1 T4 IRQ14 139 SAl4 99 XDIR 26
X2 75 IRQILS 140 SA1S 100 XD0 121
-DACKD 17 -LPAR 29 SAl6 102 XDi 120
-DACK1 16 -MALE T0 SA17 104 XD2 119
-DACK2 15 -MASTER 9 _SAlS8 105 XD3 113
-DACK3 14 -MEMR & SA19 106 XD4 117
-DACKS 11 -MEMW 5 SPKR 107 XDs 116
-DACK6 12 -MSE{AEN) k1l TC 2 XDb6 115
-DACKT 13 NMI 76 TESTAS56 124 XDyt 114
DREQO 21 0sC 30 Veo 1 804208 25
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34 Pin Diégram

I
Figure 3-1.  82C356 FPeripheral Controller Pin Diagram
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W 356 Physical Characteristics

Physical Characteristics

4.1 Absolute Maximum Ratings

Symbol Min. Max. Units

Supply Voltage Vec 70 v
Input Voitage V1 -5 55 v
Outprs Voltage Vo -5 535 v
Operting Temperstore Top 25 85 C
Storsge Temperature Ing -40 125 C

Exposure to absolute maximum ratings conditions for extended periods may
affect device reliability. Exceeding the absolute maximum ratings can cause
permanent damage to the device.

4.2 Operating Conditions

Symbol Min. Max. Units

Supply Voltage Voo 4.75 5.25 v
Ambient Temperature Ta 70 c
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M 355 DC/AC Characteristics

J

ction 5

5.1 DC Characteristics

356 DC/AC Characteristics

Symbol  Min.

Max. Units

Input low voltage VIL

TTL Jevel (Al pins except BUSCLX snd CX1)

BUSCLX and CX1 -0.3

08

Input high voltage Vi

TTL level (ANl pins except BUSCLK and CX1) 20

BUSCLK and CX1 _ vec 08

+0.3

Output low woltaze VoL

A4

e

Output high voltage
All pinz except IOCHRDY VOH 24
IOCHRDY hat open drain driver n/a

Input LOW current @ Vo= Vss L +10
except IR 1, IR3-7, IR9-15, DREQO-3, DREQS-7,
JAOCHCK _

IR1, IR3-7, IR9-15, DREQO-3, DREQS-7, -TOCHCK

Input HIGH curret @ Vo= Vdd
All except PWRGD
—..FWRGD

HE

*10
200

Output corrent low TOL

All pins except SA0-19 -IOR, -IOW, IOCHRDY, TC,
-MEMR, -MEMW, MSE (AEN)

SA0-19, -TOR, -IOW, IOCHRDY, TC, -MEMR,
-MEMW, MSE (AEN)

24

IOCHRDY ] 8

Outpat carrent high 10H

All pint except SAC-19, -IOR, -IOW, IOCHRDY, T2, 4
MEMR_ -MEMW, MSE (AEN)

SA0-19, -IOR, -IOW, JOCHRDY, TC, -MEMR, 33

v SUEP & apmTn

~MEMW, MSE (AEN)

3_Siate oatpat OFF corment LOW JOZL

+10

3-Suare output OFF current HIGH IOZH

+i0

Power supply current @8 Milz

Input capacitance

10

gl

Output or 110 capacitance

10

Stand-by Icc

EREBEER| B & [E Bl B) EE Bl B < |<|<|¢f {<|<

T
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M 356 DC/AC Characteristics

52 AC Characteristics

All iming parameters are specified under capacitive load of 50 pf and
temperature of 70 degree C. These titning tables cover both 25M3iz and
33MHz; alf units are in nanoseconds, unless otherwise specified. Also, the AC
specifications mentioned in this document are subject to change,

I
Table5-1. CPUAT Cycle
CPU AT Cycie
Min. Mex.
1601 A<23:0> setup 1o -MALE inactive 15 y
602  A<23:0> hold from -MALE inactive 10
1503 SA<19:D> valid from -ATEN active 0 50
605 SA<19:0> float from -ATEN insctive 0 25
508 -B043CS active from -MALE inactive 0 60
611} -BM2CS inactive from -MALE inactive 4] 32
S
Table 5-2.  Master Cycle
Master Cycle
Min. Max.
1615 A<23:2> valid from SA valid 6 35
1616 XA<]il> valid from SA walid 5 30
1618 -8042CS active from SA valid 10 &0
%621 XA<1:0> invalid from -MASTER inactive 6 i9 ~
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Table 5-3. DMA Cycle

DRRA Cycie
Min. Max
1525  BUSCLK perod (1X) 125 _
16254 BUSCLE period (2X) 52
0525 “USCLK mﬁx_nﬁ [th o] 55
w626A__BUSCLE high time (20 27
627  BUSCLK low time (IX) 43
__1627A BUSCLK low time 2X) 2
1528  DREQn setup to BUSCLK low 0
BZ5 RG deiny from BUSCLK jow 70
1530  HLDA sctupto BUSCLK high 40
1531 -AENS/16 valid from BUSCLXK low 95 B
1532 -AENS/16 invalid from BUSCLK 75
16533 AEN active from HEDA1T active s 38
1551 AEN inactive from HLDAI low 5 50
16534 Address valid from BUSCLK high 100
1635 Address hold from BUSCLX high 50 _
1636  -DACKn valid from BUSCLK low 100
1637 Command enable delay from BUSCLK high _ BQ
638 Command active delay from BUSCLK high 100
1639  Write emnd inactive delay from BUSCLK high 70
1540  Address hold from -JOW inactive 70
641  Address hold from -MEMR insctive 5 _
__1642 Command flost delay from BUSCLK high _ 75 .
1543  -TOR inactive deley from BUSCLK high 115
644  TC delay from BUSCLK 50
649  JOCHRDY semp to BUSCLK low 25 .
1650  JOCHRDY hold from BUSCLK low 15
T
Table 5-4.  Internal Register Access
internal Register Access
Min. Max
15655  Command active period 150
656 XD<7:0> active from -JOR active 5 as
657  XD<T7:0 valid from -IOR active 140 N

658  XiD<7:0> hold from -TOR, innctive 3
1659  XD<7:0> semp to -JOW inactive 130
1660 XD7:0> hold from -IOW inactive 20
1561  Address setup to command active 25
0
]
&
20

1562  Address hold from omunand inactive -

513

1664 JOCHRDY inactive delay from BUSCLK high )
4665 NMIvalid delay from -JOW inactive -
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I
Table 5-5.

Table 5-6.

Table 5-7.

208

External Real Time Clock Access

External Roal Time Clock Access

i ~ Min. Max
1666  RTCAS active delay from -JOW active 5 40
67 RTCAS inactive delay from -JOW inactive 5 40
572 RTCDS active delay fram -IOR active 5 28
1673 RTCDS inactive delsy from -IOR inactive 5 28
INTA Sequence
INTA Sequence
Min. Max
1682 IROn puise width (low) 100
1585 KD<7:0> valid from -INTA active 120
686 XD7:0> hold from -INTA inactive 8
Miscellaneous Signals
Miscellaneous Signals
Min. Max
1698 -PSRSTB inactive delay from Vec Sog
609 -PSRSTB active pulse width Sus
15100  VRT bit valid delay (intml) 2us
15105  XDIR high from -INTA sctive 3 a0
16106 XDIR high from -JOR active 3 30
15107 XDIR Jow from -INTA inactive 3 30
16108  XDIR low from -JOR inactive 3 30
6110  SA vilid from -REF active 13 50
165111 SA hold from -REF insctive [+] 25
16112 AEN active from -REF active 40
16113 AEN inactive from -REF inactive 40
16121 -LPAR pulss width 15
16122 -JOCHCK pulse width 15
15123  PCUNMIN pulse width 15
16130  INTCLR active delay from -TOW active 30
5134  TOCHRDY pulse width 96 SCLX
15135  INTCLR mactive delay from -JOW inactive 25
165138 INTCLR active delsy from RESET4 active 20
15139  INTCLR inactive delay from RESET4 inactive 20
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I 356 Timing Diagrams

356 Timing Diagrams

Figure 6-1.

82C356 Miscellaneous Signals
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Figurs 6-2.  Power-ON Timing
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I
Figure 64.  82C356 External RTC Timing
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Notel  Timing requirements for XD <7:0> are shown for completeness. ‘They are
required by the MC14681A but ot the 82C356.
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||
Figure 8. 82C356 Internal Register Access
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T
Figure 66. 82C356 DMA Cycle
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Note

AW

All 6mings referenced to BUSCLK are independent of the state of the
clock select bit in the configuration register. BUSCLK shown in this
diagram is the undivided clock directly from the mput.

Extended write mode selected.

Extended read mode selecied.

Data bus during Memory-to-Memory transfer.

IOCHRDY input titning.
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Figure 6-7. 82C356 Master Cycie
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Figure 6-8. 82C356 Address Buffer Timing for CPU AT Cycles
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Section 7

356 Physical Dimensions

e 7.1 82C356 Peripheral Controller







B 355 Physical Dimensions

Figure 7-1.

Section 7

356 Physical Dimensions

7.1 82C356 Peripheral Controller

144-Pin Plastic Flat Package
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Legend

Note 1

Note 2

CHIPS and Technolegies, Ine.

minimum in inches {minimum in m.i]imetersf
maximum in inches (maximum in mjiimeters}

Package Body Size = 26 +0.2 (1.024 £0.008) (Package Vendor = Toshiba)
Package Body Size = 28 $0.2 (1.102£0.008) (All Other Package Vendors)

Lead Length = 1.20 +0.2 (0.047 £0.008) (Package Vendor = Toshiba)
Lead Length = 0.65 0.3 (0.026 20.012) (Package Vendor = Seiko)
Lead Length = 0.80 10.2 (0.031 20.008) (All Other Package Vendors)
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