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Introduction

How this manual is
organised

Other documents

About this manual

This manual describes the technical detail of the Acorn Technical Publishing System. The
information in this manual is primarily for reference, and is intended for -hardware and
software designers, programmers and engineers who need to understand the design and
operation of the system. Y ou should be familiar with the use of the Acorn Technical
Publishing System and you should understand. the concepts of computer architecture and
programming.

This manual gives ageneral overview of the Acorn Technical Publishing System and then
describes, in detail, each functional part of the system. The main system isdivided as
follows:

* memory and processor system
* input/output system

» SCSl interface

 video and sound system

» peripheral devices

e optional expansions.

The following Appendices are included at the end of this manual:

Appendix A Circuit diagrams

Appendix B Assembly drawings

Appendix C System PCB links

Appendix D Parts list/bill of materials

Appendix E Device data sheets

Appendix F Connectors

Appendix G Mechanical specification and standards
Appendix H Bibliography

Appendix | Silk-Screen diagrams

Further information on the ARM chip set is available in the ARM Chipset DataBooks from
Acorn Computers. Additional information on the use and programming of the Acorn
Technical Publishing System is contained in the Acorn Technical Publishing System User
Guide and Acorn Technical Publishing System Programmer's Reference Manual. The
Acorn Technical Publishing System Service Manual gives hardware service and test
procedures. See Appendix H for abibliography.
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Conventions and
hints

Circuit references

About this manual : Conventions

Where asignal is suffixed by a"*" it indicates that thissignal isactivelow. That is, it is
TRUE when at alow voltage and FAL SE at a high voltage.

TRUE and FALSE apply to the logical state of a signal. For example, the DBAGT
signal is used to indicate that a DBA cycleisin progress (DBA GranT). Thus when
DBAGT is TRUE DBA is occurring. Asit does not have an asterisk *'when it is TRUE
itispositive (ie TTL logic '1") and when FALSE it iscloseto OV (ie TTL logic 0). When a
signal is said to be 'asserted' this means that it isin its TRUE state. The magnitude of the
voltage representing thisis determined by whether it is Active Low or Active High.

Hexadecimal numbers are shown with a Ox preceding the number itself.

Bit numbering is such that bit 0 isthe least significant.

All circuit references to the main PCB are taken from the Acorn Technical Publishing
System schematic diagrams. The references apply to the Issue 1 PCB.

Acorn Technical Publishing System Technical Reference Manual

Vi



Table of Contents

Chapter 1 ProdUCE OVEN VIEW........c.coiieiieecie et ses st esteesnee s enes 1
11 INEFOUCTION. ...ttt bbbt nne s 1
12 [ P2 0 V= PSPPI :

(00110110 | (= S 0] USSR 2
(=Y 00 = o 1SRRI 2
IMTOUSE. ...ttt st e sttt e st e e s ae e e e bn e e sne e e sne e e sane e e snneeennns 2
1Y o] 11 (o ST 2
Hard diSC ArVE.... .o e 2
Cartridge taPE AIVE......cceeeeeeee e 2
FIOPPY TISC AMVE......ecieceeeeecece ettt e 2
BaCKPIANE.......c.eeeeieeeee e 2
LBP €XPanSiON Card..........eoereeieiieriesiesiesiesieses et 2
Laser DEAM PrINLEN.........ccueieecece et eane 2
External Storage SYStEM........coeoi i 2
13 SOTEWEIE.....eceeeeeeeeieeie et e sttt et et e e e sre et e eneesteeseesseenseeneeaneenseeneennes 4
Chapter 2 Main PCB SyStEM OVEN VIEBW.........c.coiiieieeiee et eteesee e sree s 5
21 SUDSYSEEM DIOCKS. ... 5
ProCeSSOr aN0 MEMONY ......ccveiieeieeeesteesiesieesreesseeeesseesteseesseessesseesseesesseesseennens 5
T o101 8= To [0 U | o 11 | PSP 5
S O I o1 1 = S 5
VA L0 = o Jr=TaT0 R o ¥ o PSPPSR 6
BUIlt-iN tESE NArAWEIE.......cceeeeieeeee s 6
2.2 Main System addreSS MAP........c.cceeireeieiiereeie e se e sre e e reeee s e sreenesaeenreas 6

Chapter 3 Processor and memory SUDSYSEEM.......cccvveeiiiniinnie e 9
31 THE ARM PIOCESSO.....cviiuieiteeiteeteeteesteseesteesseeeesseetesseesseesseeseesseesesseesseensesneensenn 9
3.2 The MemOry MaNagEr PaIT.........coeeieeierie e see sttt ee e sse e e sre e 9

Physically mapped RAM ..ot 10
Logically Mapped RAM ........coooi ettt 10
3.3 ROM ...ttt bbbttt b bbbttt n b e ns 11
34 Detailed CIrCUIt deSCIPLION.........cciieiieciee et nnee s 11
THE ARM PIOCESSO ......c.eiveitiiterieeieeieee et ettt ss et sn e ne s 11
The memory manager (MEMOC) PaIT........ccccoveieieereeie e sceeseesee e 14
The system ClOCK gENEIalor..........couviieeiie i 17
THE MEMOIY @ITAY......e i nne s 18
Address pipeline [alCh...........coov e 19
Read only memory (ROM) .......oooiieiieiee ettt 21

Acorn Technical Publishing System Technical Reference Manual Vii



Table of Contents

Chapter 4 The hexadecimal diSplay........cccoveeiiiiiernineeeee s 23
4.1 CITCUIT AESCITPEION. ...ttt ettt nr e nne e 23
4.2 Test ROM LED diagNOSLICS......ccueeieieiiriesiesiesiesieseeie et nee s 24

Chapter 5 The input/oUtpUt SYSEEM........ccciiiie e 25

51 1o L1 o o S 25
52 =] FoTex 1qo [>T | o OSSR 25
5.3 D=0 (o[£ 11 7= PRSP 26
BYLE GCCESSES......ceeiiiee e 27
Half-WOrd BCCESSES........ouiiiiirierie sttt 28
WWVOTT @CCESSES......euviterieeieeieie sttt sttt st b e bbb e st et st sbenreeneas 28
54 THE 1/0 CONIOIEN ... e 28
[OC internal regiSter MaP........cccveieerererie et 28
55 (00 a1 100 I T=o [ S 30
5.6 Keyboard asynchronous receiver/ transmitter (KART)...cccoovvvevvcceeiiie e, 31
Programming and initialiSatioN...........ccoceeeerereneniseseseee e 31
RECEIVE INEITUPL.....c.ve e cieecie et e ettt st e e s e reesee e e sreeneeneens 31
5.7 COUNLEIS....ce ettt st b e e e e e b e e sae e e ne e san e e seesmneeneeenneeneas 32
REGISLEN BCHIONS.......couiiiiieriesie ettt 32
COUNLEY TEOISLEN'S. . eeuiiiieesteeieeee e ste et e s e e te e e e ste et e e e sreeaeeseesreeeeeneenaeeneeas 32
CoUNErS O AN L.....oveiieieeeie et e s 32
CouNter 2 (BAUD).....ccuieiice ettt ettt st s sreeneennens 32
CoUNtEr 3 (KART) ittt 33
58 [OC INtErTUPL @llOCALIONS......c.eeieeeieeieieie et 34
Internal INLErTUPL EVENES..........coceeecee e s 34
External iNterrupt VENTS.........ccovieriiiiieeseeie e 34
SYNCAIONISALION. ......eitiitiitirieeiieieeee et b e 34
INtErTUPL StALUS FEJISLEIS.....veiieceeeie ettt 34
IRQ SLALUS FEQISIEr Aottt 34
IRQ StALUS FEQISLEN "B’ ... .o tiieeeiieieeeeie ettt bbb 35
FIQ StaAtUS FEQISLEN ... ecueeeeeeiecee ettt s e e s e sne e 37
IRQ ClEAN FEQISIEN ......eieeeeeee ettt 37
[NEErTUPE MESK FEQISTEIS.....coeeieriirierierieeiee et nee s 37
INtErrupt reqQUESE FEQISLEYS......c.eeceeeieeee ettt 38
CITCUIT AESCITPLION. ... ettt sttt sttt st e e sreenre e 38
59 THE PIINTEN POIT.....eiteiieteeee e ere s 41
The data rEQISLEN ... oo ene s 41
The control OULPULS FEQISLEN .........eoiiiiirieeieee e 42
The control INPUES FEOISTEN .......c.oiviiiririeeeeeeee e 42
INterface CharaCteriStiCS.......couriiiiriire s 45
CIrCUIT JESCITPLION. ....eeieeeieeee e stees e eee s et e e et e e ee e sse e e seesteeeesreensennnens 46
oI (O T 8 0 To s oo USSP 47
Programming the SCC..........ooiiiiiieieeeree s 48
Programming the baud rate generator...........cocveeeveeceseesese e 49
Data Set FEAAY......coiie et 50
INEEITUPES. .. 50

Acorn Technical Publishing System Technical Reference Manual viii



Table of Contents

TIME CONSLANES. ......eeveeieeieieeie ettt see b 50

CIrCUIT dESCITPLION. ...cevveetiecie ettt et e e sreeere e 51

511 The floppy diSC CONIOIEN ..o 52
Programming the floppy disC CONLroller..........ccocevveveeceniee e 52

Floppy disC CONrol 1aECh........ccueeiieeiee e 52

BaSIC OPEIELION. .......eiieiieieiertesie e 53

(@] (o BT (=S 1 (o) 1SS 53

5.12 TRE CIOCK/RAM ...ttt ae s 55
Programming the real time clocK...........cooeiiiiiii e, 55

(@] (o BT (=S 1 (o) 1SS 55

Chapter 6 SCSI ...t r e ennes 57
6.1 1o [ o o) S 57
6.2 SCSI CIFCUIT ElEMENES.....c.eiiieieieieeieeie e 58
6.3 SUMMaArY Of ACCESS MOUES........ccueeiirie ettt 58
BIOCK diagram.........cooiiiieeieeies e 59

6.4 ACCESSING thE SBIC........ ot 60
6.5 IEEITUPLS. ..t s e e e s be e e sbe e e anne e e anes 60
6.6 RESEL CONION POIT.....ceeieeeeee et 61
6.7 The address [atCh/COUNLEY ..........ccoieee e 62
6.8 Dat@a @ligNmENT......cccuoiiiiieieeee et r et ne s 62
6.9 Arbitration and preferred transfer mechanisms..........c.ccoevvninicicresese e 62
6.10 DEVICE DS ittt et bbbttt e 63
6.11 SUPPOItiNg OCUMENEALTON........oiueeeeeieeeesiee e e e 63
6.12 Detailed description Of CIrCUIt OPEIatioN..........ccovereriereriririeriese e 64
Main state maching (IC 20)........cceieeieeeeciese e 64

The select PAL and the MSM decode PAL (IC25 and IC22).........cccceeuenneee 66

The funnel PAL (1C45) and 32 bit to 8 bit conversion...........ccccceeevveveernenne. 67

RAM CONIOl PAL (ICL7) ittt 70

DR YN 1Y U = SR 71

Refresh clock (IC19) and refresh control (IC27).......cccovvveveveneneneneeene 72

(@001 7o) I oo g RSSO 72

Address |atCh/COUNLET .........cc.coiiiie e 73

Address multiplexers (IC66 and IC58).........cccouvrererererieieesese e 73

DBA state machine and SBIC..........ccccuvririinine e 73
Miscellaneous synchronisation and clock CIrCUItS..........coceverceieesencenieene, 76

SCSI external DUS..........cocoiiiii e 76

6.13 SCSl MEMOTY MBP.....ceceeeieeieeeeeie ettt r e n e sr e n e e e sneennes 76
6.14 RS 0 S T 7= S 78
6.15 State MACNINE SLALES.......cc.eeierieieeree e 79
6.16 Links and configuration OPLIONS...........cceouereereriereneseeeeee e 79

Acorn Technical Publishing System Technical Reference Manual ix



Table of Contents

Chapter 7 The VIde0 SYStEM........cooi et 81
7.1 [F gL oo (8ot o] o ISR 81
7.2 SCIEEN MOUES. ...ttt ettt et s e et e s seesteetesneenneeneeas 81
7.3 D= = Mo [ o] = YOO PP 82
7.4 (07| =0 0 11 o S 82

Control register (CR) : address OXEQ..........cccceieeirieeneeieseesee e 84
Video palette logical colours Ox0-0xF : addresses 0x00-0x3C............ccc...... 84
Border colour register : address OX40..........ccceveeveeieeceenie e 85
7.5 TRE CUISON ...ttt b et s sre e 85
Horizontal cursor start register (HCSR) : address OX98...........cccovevevveveennens 85
Vertical cursor start register (VCSR) : address OxB8..........ccccoeeevvevieennnne 86
Vertical cursor end register (VCER) : address OXBC..........ccccocvevieeieennnen, 86
Cursor palette logical colours 1-3 : addresses.........ooveeeveereeeieeseeseeieeseeens 86
OXAA-0XAC. ...ttt sttt sttt sttt e et be st sre bt et ne s 86
7.6 1Yo 0 o SR 86
1.7 CITCUIT AESCITPIION. ...ttt 86
REGISLEN WIITES.....ccuieceeecie ettt ene e 86
AV L0 o X = = TR 86
LOH S o] o - - TS 87
COMPOSITE SYNC. OULPUL.......eevevirieriieiieieie ettt see e e ens 87

Chapter 8 The souNd SYyStEM.......cccvi i 89
8.1 INEFOAUCTION. ...ttt bbbttt 89
8.2 (0 T0 =10 010 11 o TSRS 89

Stereo image registers, channels 0-7 : addresses 0x60-0x7C..............ccc...... 89
Sound frequency register (SFR) : address OXCO.........ccccvevveieereeieeseeseenens 90
8.3 CIrCUIT AESCITPLION.....cceieiieeciee ettt ee b e e e e ereens 90

Chapter 9 Keyboard and MOUSE...........ccceeiieiieece e 91
9.1 Keyboard iINtEITaCE. .........ccoieiceee e 91
9.2 IMOUSE INEEITACE. ...ttt 91

RESEL PrOtOCOL. ... .eoieiieieeie et sae e 92
Data tranNSMISSION.......ceiuieieeeerieerieseeseeseeeee s eseeseesseeeeeseesseeeesseesseeneesseenees 93
A La U S <Y o = - TSRS 93
Description of acknowledge COUES...........covirieiiereriesesee e 94
9.3 |OC keyboard asynchronous receiver transmitter (KART).....cccooevvverenenienne. 9
Serial TX datarEQiSter.....c.eciieiie e 95
Serial RX data regiSter ......cceeieeieiie sttt s 95
F T TS o] o ST 95
RECEIVE INTEITUPL. ......veeieeeie ettt e e e re e e 95
Keyboard ProtOCOL..........coci i e 95
DesCription Of COMMEANGS..........covrieriiriirerere e 96
94 Command and acknowledge code SUMMArY...........cccceeveeeeneeiescee s 96
95 KBY COUBS.......eeiteeietee ettt ettt b et ae e re e 98

Acorn Technical Publishing System Technical Reference Manual X



Table of Contents

Chapter 10 Podules and backplane...........ccccoooveiiiiieie e 101
10.1 INEFOAUCTION. ...ttt nee s 101
Physical diMENSIONS...........cooiiiiiiiece e e 101

FItting @POTUIE.......cc.oieeeeeeeee e 101

TYPES Of POAUIE.......eceeeciieieee e nnees 102

10.2 Podulesinthe [/O SYStEM.........oociiiie e 102
SYSEEM ArCHITECTUNE. ...t 103

NON-TOC ABVICES......cueieiiiiierie st b 104

SYSEEM MEMOIY MAP... . eeiiieeeeieee e e eree e e e sssree e e srraeesreessreessseeennes 104

[/O SPACE MEMOINY MEBP......eieireeeieeieeieiesiesie sttt sre e sre e ne e e 106

POdUIE @CCESS SPEEM........ecueeieeie et ee s 107

POUUIE SIZE.......eeeeee e et e 107

Data buS MaPPING. .......coveverierieeie e 107

Podule interrupt handling..........cveerieiece e 108

Podule interrupt Mask register.........ccovviiieiie e 108

Podule interrupt Status regISEN........c.covveierirerenerie e 109

Podule IdentifiCalioN..........ccererirereeee e 109

10.3 The podule bus connectors and [0ading...........cccocvvieeiie e, 110
Simple podule and MEMC podule interface..........cccoevenenenenencneeeenen, 110

Coprocessor POdUIE INLEITACE.........coveiereere e 111

MaiN PCB CONNECTON .......ccutiiiiiieieiie sttt s 112

Loading of the podul@ DUS............cccviiiiiiiee e 113

SIgNal StANAAIAS.......ccueeeeieeeee e 113

POWET ...t n e saeenre e 113

104 POAUIE TAENEITY ... 114
Podule identity SPACE........cccvceereeieiiese e 114

COUE SPACE. ...ttt e et e e e e re e sneeanreen 114

Podule identity TOW DYTE........ccoiiiiiiiieeee e 114

POOUIE PIrESENCE. ... .eceeeeeeie ettt ee sttt e e ste e e neenreeneas 115

POAUIE INTEITUPES. ..ottt et enre e 115

1 T o S 116

Acorn conformanCe Dit...........cooeeeiiiiir e 116
[dentifiCation EXIENSION........cceiiiiiiereeee e e 116

FIQ and IRQ StaUS.......ceeueeeeieieie et 117

COUNETY COOR......ueeieeieeeesteete ettt e ettt e e sreeneeneeeneenneas 117
MaNUFACIUrEr COTE.........covuiriiriieiienie e 117

ProduCt tyPE COUE. ...ttt 118

INtErTUPL StALUS POINLEIS......eeveeeesieeteeiesee e eee e see e sre e ae e ns 118

Chunk direCtory StIUCKUIE.........cuecivieiiecee et 119

Operating system identity BYte..........ooooiiiiiiie e 120

EXAMPIES OF USE.....ooieeeieieiiceecece ettt 121
Non-extended podule Identity...........ccccvrieeiieeiie i 121

Extended podule identity...........ccceeeeeieiinineresere e 122

Extended podule identity with paged ROM...........cccccvveevencieneere e 122

105 SIMPIE POAUIES.......co et re e 123
POOUIE BCCESSES......eueeeeeieciee ettt e e seenaeeneesse e 125

10.6  MEMGC POUUIES.......cooueeiecieesie ettt ettt esne e ne e reennennes 133

Acorn Technical Publishing System Technical Reference Manual Xi



Table of Contents

[/0O coNtroller INEEITACE. ......cceeceeeeceeecer e 133

MEMC podul@ tIMING........cceeiieeieiierieecie ettt nas 135

10.7 Backplane Circuit deSCripLioN. .........coouvieeieeieeieseee e 136
Chapter 11 Laser printer interface podule...........ccooveveeieiie e 137
111 HarAWaI€ OVEIVIBW........coiiieieiie ettt sttt nne e 137
11.2 AJUIESS MEP. ...ttt b et e e e sne e 139
11.3 (00101110 = 0B (= £ 140
114 Canon laser printer CONtrol ProtoCOL..........cuviiueeiiiiiie e 148
Power ready handShake.............cceeviieieiieiecie e 148

Print handShake..........coeoiieiiieeee s 148

Video raster handshaKe............cocvevviieiieieececese e 148

Serial Status ChanNEl..........cooeiiiee s 149

115 Video controller programming...........coeeceeierererenenese e 150
11.6 Podule interface and laser control PAL deSigns.........ccocevevererienieenienenie e 151
POdUIE INLEITACE PALS......oieieceeeee e 151
Chapter 12 Cartridge tape podule..........cccooeiiiiieniniieeeee e 155
12.1 INEFOAUCTION. ...ttt sttt s sbenre s 155
12.2 The floppy diSC CONLIOHIEN.......cc.eeeiee s 155
12.3 Disk fOrmats/ CaPACITIES........ccuereireirierienierieeie et nee 155
12.4 THE CITCUIT. ..ottt et 156
1110 0] S 157

Y 0T Y 1 0= OSSR 157

Chapter 13 Power SUPPIY UNIT......cooiiiiieiieiiesee e 159
13.1 INEFOAUCTION. ...ttt e bbbt sae b nre s 159
13.2 Safety and EMI reqUITEMENTS.........cooiiiereeeseeie e 159
Electromagnetic interference susceptibility.........ccoocevvevierienieeicenceceeeee 159

13.3 S o< ol o= o] o IO RSP 159
134 oY RS U o] oY 2P 160
Signal cable pin asSigNMENTS..........ccouvererereeiere e 161

135 ENVIFONMENTAL.......c.iiiiiie et 162
13.6 Reliability and data integrity.........ccooeeirieieee e 162
13.7 MechaniCal diMENSIONS..........cccviiereee e aeeneas 162
13.8 SEIVICE NG SUPPON. ...ttt sttt n e 162

Acorn Technical Publishing System Technical Reference Manual xii



Table of Contents

Chapter 14 FIOPPY diSC ANIVE......c.eiiieeiie et 163
141 g0 L1 o o] o 1SRRI 163
14.2 Safety and EMI reqUITEMENTS........ccoceeiieiecee et 163

Electromagnetic (interference) susceptibility........cccccvvvvevieeiiiiiie e, 163
14.3 SPECITICALION. ...ttt bbbt 163
Signal cable pin aSSIgNMENLS.........cccccceiiereeie e 164
Input and QULPUL IEVEIS.........ocveieeecece e 164
14.4 POWES SUPPIY .ottt 164
POWES CONNECLIONS......cviiiiieiiisiirieeie ettt 164
14.5 g \A1 (0] 1000 01! 164
14.6 Reliability and dataintegrity.........cceoeeveeiieiecie e 165
14.7 Mechanical dIMENSIONS........c.ooeiiieieeeee e 165
14.8 SEIVICE NG SUPPONT. ...ttt sttt snesn e sresbe b ene e 165

Chapter 15 Cartridge tape driVe.......ccceeceecee e 167
151 g0 L1 o o] o 1SRRI 167
15.2 o1 o) o= (o] o 1SR 167

POWEE SUPPIY ...ttt 167
Signal cable pin asSigNMENTS.......cccooeierererinere e 167
15.3 ENVIFONMENTAL.......c.eiiiiieee et 168
154 POWES SUPPIY ...ttt re e e 168
POWEN CONNECLIONS........eiiiieieeeiieiesiee et see et sne e enee e 168
155 Reliability and data integrity.........cceeveieiieereeie e 169
15.6 Mechanical dIMENSIONS..........ooiiiiiiieeee e 169
15.7 SEIVICE NG SUPPONT. ...ttt sttt snesneseesne b 169

Chapter 16 Internal hard disC AriVe........ccoeeiieiirie e 171
16.1 g0 L1 o (o) o 1SR 171
16.2 Safety aNd EMI ..o e 171

Electromagnetic (interference) susceptibility........cccccvvveiieiiiciie e, 171
16.3 SPECITICALION. ...ttt et ne e 171
POWET SUPPIY ..ottt e e sne e 172
Signal cable pin asSigNMENLS.........cccoveeciivie e 172
16.4 POWEE SUPPIY ..ottt 172
POWES CONNECLIONS......cviiiieiiesiesiceiee ettt 172
16.5 ENVIFONMENEAL.......eoiieeee e e 173
16.6 Reliability and data integrity........cccoeeririiiieeere e 173
16.7 Mechanical dIMENSIONS.........ccviiririrereeee e e 173
16.8 SEIVICE AN SUPPION. ... veeieeeirie it etee sttt e e e re e sreeebeesneeereeas 173

Acorn Technical Publishing System Technical Reference Manual xiii



Table of Contents

Chapter 17 Monochrome mMONItOr.........ccooceeieirie e 175
171 Lo [N T 1) OSSR 175
17.2 Safety and EMI Standard...........ccoovevereninenesecceeee e 175
17.3 SPECITICALION. ...ttt b e et 175

Geometric and linearity distortion............ccccveveieeieceese e 175

HOFZONt@l TIMINGS......coiiiiieiee e s 176

VErtiCal TIMINGS.....cveiireiriereeierie et 176
174 oW1 o g =SS 176
175 MaINS POWEK TNPUL......eeieeeieeieeieenie et ste st e s aesneeseeeseeeneesneeneas 177
17.6 CoNNECLOrS @Nd EAS.........ecveieeie et es 177
17.7 Additional COMPONENLS.........ccviiieiierie et sre e e e nne e 177
17.8 (@001 1701 KSX=010 M g0 ([or= (] £ 177
17.9 ENVITONMENL......ciiieeecece ettt e e e e ne e eneenns 178
1710 READIHITY oot e 178
1711 ServiCe and SUPPOM. .. .ccueeieeieeeesieeiesiee sttt ee st esaeenae e sreeeeeneenneeneas 178

Chapter 18 External Storage UNit........cccceeeceeieeciieesie e 179
18.1 100 [0 Tox 1 o 1SS 179
18.2 EXternal Storage UNit..........coeeeeieieniinie e e 179
18.3 Safety AN EMI.....ocuoiiiiiieeee st 179
184 S0 o 1 o= (o) o TSR 179
185 [NEEICONNECTIONS.......eeeeeeieeeie ettt esreeee e e nreenaesneens 180

S O T 1= = o PSS 180
18.6 Controls and INAICALONS.........cceeiiieiee it 180
18.7 (O0 10107 ot (o] (=TSRRI 181
18.8 DEVICE ID ...ttt bbbt 182
18.9 Mains supply INtErCONNECTION.........ccuiiieeiie et 182
18.10  ENVIFONMENTAL........coiieieeeeesie ettt esneeneeeneas 182
1811 REIADIHITY et 183
18.12  MAINIENANCE. ... cicteeiieeciee ettt se et e st et e s e e te e sbe e et e e sseeebeesreeeseesanesnreesseaans 183
18.13  SErViCe AN SUPPOIT. .....ceueeueeeeiertesterie sttt snenn e e sne e 183

Chapter 19 Streaming Cartridge tape........ccovevereereenerrienee e 185
191 Lo [N T 1 o) SRS 185
19.2 S = Y= 1o = S SR 185

Electromagnetic (interference) susceptibility.........cccoovvireriiinienenineenns 185

19.3 S0 1< o1 o= (o] o 1R 185
POWET SUPPIY ..ottt 186

194 POWES SUDPPIY ...t et 186
POWEr CONNECLIONS......c.uiiiecieeie ettt 186

195 ENVIFONMENTAL........oiiieeee e e 186
19.6 Reliability and data integrity........ccocerireriririeeeee e 186
19.7 Mechanical diMENSIONS...........ccveiierieiice e 186
19.8 S VLo C= 0o IS T o] oo S 186

Acorn Technical Publishing System Technical Reference Manual Xiv



Table of Contents

Chapter 20 External hard diSC AriVe.......cccceeievecie s 187
20.1 INEFOAUCTION. ...t bbb be s 187

20.2 Safety @NA EMI......cooiiiieceee e 187
Electromagnetic (interference) susceptibility.........oovereririeiininiiinens 187

20.3 o1 o1 o= 1 o] o 1 187

20.4 POWEE SUPPIY ...ttt st neas 188

POWEN CONNECTIONS......c.eiiiiiiesiecie e 188

20.5 ENVIFONMENTAL.......ceiiiieee e 188

20.6 Reliability and dataintegrity........cceveiiieiie e 188

20.7 MechaniCal dIMENSIONS..........cooiiieiieeeie e 188

20.8 S AV o= TaTo S U o] o] 188
Chapter 21 Ethernet podule.......c.oooee e 189
21.1 INEFOTUCTION. ...ttt e sb et sbe e 189

21.2 SPECITICALION. ...ttt bbb e 189

21.3 Basic operation and block diagram............ccoceeeeiieienenineneeeeeeee e 189

The INtel Chip Sat... ... 190

The dual POrt MEMOIY......c.ccceiiieie e 191

(000011 f0 BT oS (= R 191

Podule identification PROM..........ccccoiiiiieieneerie e e 192

21.4 Detalled ESCriPLiON........cc.eceeciecie e e re e 192
AAUIESS MEP. ...ttt n e b sreenenne s 192

TRELANCE. ...t ens 192

DUl POt RAM ...ttt e naesreeresneens 193

Podule identification PROM...........cccoiiiiiiiinierie e 194

I L= S 195

The state machine and OPEration............ccceeveereeieeseeie e 196

POAUIE DUS CYCIES......coeeeeee e s 197

BUS ESIGN NOLE......ceeeieiieieie et 201

1S U 0RO TRRSRR 202

LINKS. e et a e nae s 201

PROM CRC CalCUIBLION. .....ccueeieeieeeiesieeieseesteesie e sseesesseesseeseesseesseensesneens 204

APPENAIX A ... Circuit diagrams 205
APPENAIX B Assembly drawings 219
APPENAIX C...oe e System PCB links 231
APPENAIX Do Partslist / bill of materials 233
APPENAIX E....oeeee e Device datasheets 257

Appendix F.

........................................................................................... Connectors 259

Acorn Technical Publishing System Technical Reference Manual XV



Table of Contents

AppendiX G......ccoceeveeiiirecee e Mechanical specification and standards 263
APPENDIX H..ooie e e Bibliography 267
N 0] 61 070 [ G RS Silk-Screen diagrams 269

Acorn Technical Publishing System Technical Reference Manual XVi



Chapter 1 Product overview

1.1 Introduction The Acorn Technical Publishing System is a high performance Acorn UNIX workstation
specifically designed for the Computer Assisted Technical Publishing (CATP) market.
The Acorn Technical Publishing System provides a complete system solution including
computer, screen and laser beam printer together with systems and applications software.
Expansions and options are provided for higher performance or capacity, or for
integration with other systems.

=N

Figure 1.1 : Acorn Technical Publishing System

1:2 Hardware The main functional units of the hardware are as follows:

e computer unit
» keyboard

*  mouse

e monitor

e internal storage devices

» backplane for expansion cards

* laser beam printer (LBP) expansion card
 laser beam printer

» optional external storage devices.
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Product overview : Hardware

The main computer unit comprises a metal case with plastic front and rear mouldings.
This unit contains the main printed circuit board (PCB), the power supply unit (PSU), a
backplane supporting up to four expansion cards and, as standard, two 3.5 inch magnetic
storage devices. These internal storage devices are a 70 Mbyte hard disc and a choice of
either a2 Mbyte floppy disc drive or a40 Mbyte cartridge tape drive.

The keyboard unit isin a plastic case. The layout is similar to the IBM-PC 'enhanced' or
101" style. Connection to the computer isviaa coiled seria cable with a six pin miniature
circular plug which connects to the lower front of the computer unit. Function keystrips
can be fitted into a transparent holder on the keyboard. A microcontroller is contained
within the keyboard. The keyboard electronics includes an identity code which enables the
computer to establish the keyboard type. National keyboard variants are available; these
have different keycaps together with a unique electronic identification code.

The mouse is a three button, mechanical device and is connected to the keyboard viaa nine
pin, miniature circular connector. The mouse resolution is 10 edges/mm.

The monitor isa 19 inch high resolution monochrome display with 1152 x 900 pixels at
66 Hz refresh rate. The phosphor is medium to short persistence, paper white in colour.

The main internal storageis provided by a SCSI (Small Computer Systems Interface), 3.5
inch, 70 Mbyte hard disc drive which operates with an on-board controller. The hard disc
drive has an average access seek time of less than 30 ms from command issue to
command complete, and a data transfer rate of greater than 0.8 Mbytes/second. An
indicator light on the front of the main computer unit shows when the hard disc is being
accessed by the system.

The Acorn Technical Publishing System is fitted with a 3.5 inch, 40 Mbyte cartridge
tape drive, as standard.

Some Acorn Technical Publishing System models are fitted with an internal 3.5 inch, 2
Mbyte floppy disc drive. Thisdriveis capable of reading 1 Mbyte format discs. A disc
indicator light on the front of the main computer unit shows when the disc drive is being
accessed by the system. A disc gject button releases the floppy disc from the drive for
removal.

A four socket backplane isfitted as standard in the Acorn Technical Publishing System.
The backplane is attached to the main PCB viaa 96 way DIN 41612 connector and has
three, 64 way standard expansion sockets and one 96 way coprocessor socket. Up to four
expansion cards can be fitted which conform to the Acorn Podule Specification (see
Chapter 10, Podules and backplane).

The LBP expansion card is fitted in one of the four backplane expansion sockets. This
allows alaser beam printer to be driven directly from the Acorn Technical Publishing
System.

The Acorn Technical Publishing System can support either a PostScript printer (viathe
seria line) or alow cost laser printer (viathe laser beam printer expansion card). The
laser beam printer resolution is 300 dots per inch. The printer runs at a maximum rate of
8 pages per minute.

Optional storage devices available for the Acorn Technical Publishing System include a
5.25inch, 280 Mbyte hard disc drive and a 5.25 inch, 150 Mbyte streaming tape car-
tridge. An external storage system houses one or other of these storage options together
with its power supply unit. The external storage system is connected to the Acorn Tech-
nical Publishing System viathe SCSI bus which allows up to six external peripheralsto
be daisy-chained onto the system.
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Product overview : Hardware

LASERWRITER

RS232
19in MONO
MONITOR
PARALLEL SCANNER
SX-20 LASER
ENGINE
l 1.8 MB FD I
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i 4 EXPANSION
40 MB STC CARD SLOTS
— scsl
I I 1
KEYBOARD S SCSI
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ACORN SUPPLIED

THIRD PARTY SUPPLIED

Figure 1.2 : Block diagram of the Acorn Technical Publishing System
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Product overview : Software

1.3 Software The Acorn Technical Publishing System software comprises Frame Maker, Frame
Technology's Technical Publishing System. This runs under the Acorn UNIX operating
system. The Acorn Technical Publishing System also supports Sun Microsystems NeWS
window manager, Network Filing System (NFS) and Ethernet TCP/IP/UDP, to enable it
to interact with Acorn and third party servers.

C, FORTRAN, PASCAL, BASIC compilers and LISP are also available, together with
EMACS (Gnumacs version), DBX, porting tools and the standard UNIX libraries for
software engineers.

For further information about the Acorn Technical Publishing System software, see the
Acorn Technical Publishing System User Guide and the Acorn Technical Publishing
System Programmer's Reference Manual.
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Chapter 2 Main PCB system overview

2:1 Subsystem The main board contains the following subsystem blocks, illustrated in the figure below.
blocks
to speaker ADDRESS BUS
to monitor DQ

T y Y Y

' . RS232
video processof SCSI diag- I/0L. printer
and and nostic .

buffer display system [~ floppy disc
sound memory
~ clock
A A A
Y y DATA BUS
Y
SCSI BUS

Figure 2.1 : Main PCB system block diagram

This subsystem is the central processing unit. It is the basic processing enginein the
Acorn Technical Publishing System. The main elements within this block are the Acorn
RISC Processor (ARM), the Memory Manager (MEMC), the Random Access Memory (
RAM) array and Read Only Memory (ROM) containing the operating system loader.

Processor and memory

Input and output  This provides a mechanism by which the processor communicates with peripherals. The
main elements within this block are; the Input/Output Controller (10C), the Floppy Disc
Controller (FDC), the Serial Communications Controller (SCC), the printer port, the
battery backed configuration memory (CMOS RAM) and the keyboard interface. The
podule busis aso part of the I/0 subsystem but this warrants special attention and has
been allocated its own chapter, Chapter 10, Podules and backplane.

SCSI buffer Thisis ahigh speed RAM buffer and Small Computer Systems Interface (SCSI).

Together these provide a high speed interface to SCSI based peripherals such as the
internal hard disc drive and external storage units.
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Video and sound

Built-in test hardware

2:2 Main system
address map

Main PCB system overview : Subsystem blocks

This subsystem is the display driver. It produces the video and synchronisation signals
necessary to drive the high resolution monochrome monitor. The main element within this
block isthe Acorn Video Controller (VIDC). The sound subsystem is a basic sound
channel capable of producing arange of sounds from a simple tone to more complex
sounds such as digitised speech. This subsystem shares circuitry with the video subsystem
and uses functions within the video controller (VIDC).

This is a hexadecimal display used by test software contained in the system loader
ROMs to indicate fault conditions. This display is visible only when the chassisis
withdrawn from the cover.

The system address map isillustrated in Table 2.1 below. All devices are memory
mapped and accessible to the main processor using the full instruction set. There are no
special input/output instructions.

The address map is divided into a number of regions, each of which roughly corresponds
to one of the subsystems which is described above, and in more detail in the following
chapters.

The ROM, MEMC, logical and physical RAM are part of the processor and memory
subsystem. The read only memory (ROM) and the hexadecimal display (TEST) share
part of the address map with the memory manager (MEMC). This works because
MEMC isawrite only device and the other two are read only.

The arealabelled input/output modulesis part of the 1/0 subsystem and is described in
Chapter 5, The input/output system.
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Main PCB system overview : Main system address map

Theareasmarked  are accessible only to processes running in the supervisor mode.

READ WRITE
ROM Memory Manager
MEMC
Reserved

Video and Sound

Controller (VIDC)

Hexadecimal Display

10C Controlled Input / Output

SCSI Subsystems

Input / Output Modules

Reserved

Physically Mapped RAM

Logically Mapped RAM

Table 2.1 : System memory map
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Chapter 3

3:1 The ARM
processor

3:2 The memory
manager pair

Processor and memory
subsystem

This subsystem is the central processing unit. It is the basic processing enginein the
Acorn Technical Publishing System. The main elements within this block are:

» Acorn RISC processor (ARM)

* memory manager (MEMC)

* random access memory (RAM) array

« read only memory (ROM) containing the operating system loader.

The figure below is a block diagram of this subsystem.

ADDRESS BUS
! ! | e
MEMC MEMC address
(SLAVE) (MASTER) pipeline
latch
ROM
y ! ARM (EPROM)
4 MBYTE 4 MBYTE I
RAM RAM
t 0 Y Y
DATA BUS

Figure 3.1 : The processor and memory block diagram

The ARM is alow cost, pipelined 32 bit reduced instruction set processor (RISC). It
accepts instructions and manipulates data via a high speed 32 bit data bus and 26 bit
address bus. All instructions are restartable allowing virtual memory support.

The ARM data sheet (Bibliography, reference 1) describesthe ARM processor in greater
detail and specifies the instruction set. All functions described in the data sheet are
supported by the Acorn Technical Publishing System.

Two memory managers are used in this design. The memory manager pair acts asthe
interface between the ARM processor, the memory and the other subsystems, providing
all the critical system timing signals and clocks.
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RAM

Logically mapped RAM

Processor and memory subsystem : The memory manager pair

The MEMC data sheet (Bibliography, reference 4) describesthe MEMC chip in detail.
Two memory sizes are supported: 4 Mbyte (single MEMC), or 8 Mbyte (dual MEMC).
The dual MEMC system is described by considering how physical and logical memory is
addressed.

The dual MEMC architecture of the Acorn Technical Publishing System extends the
physical RAM to 8 Mbytes. Thisresultsin an increase in the number of physical pages
from 128 (for a4 Mbyte system) to 256. Each pageis 32 kbytes.

Thisisachieved by configuring (automatically during reset) each MEMC to map different
physical pages. During reset the state of byte*/word pin determines which bank of
physical pagesis addressed by each device.

The MEMC chip which addresses pages 0 to 127 is referred to as the master MEMC.
The MEMC chip which addresses pages 128 to 255 isreferred to as the slave MEMC.

In asingle MEMC chip system, where the MEMC is configured as a master, the 128
physical pages appear sequentially from address 0x2000000. The rest of the 16 Mbyte
areais undefined and should not be used.

In adual MEMC chip system, the 128 physical pages of the master appear sequentially
from address 0x2000000, and the 128 physical pages of the slave MEMC appear
sequentially from address 0x2400000. Both master and slave MEMCs control 4 Mbytes
of DRAM, and the processor will see 256 contiguous physical pages.

Physically mapped RAM may only be accessed when supervisor mode is selected.

Within each MEMC alogical to physical address translator maps the physical memory into
a 32 Mbyte logical address space (with three levels of protection) allowing virtual memory
and multi-tasking to be implemented. Fast 'page mode' DRAM accesses are used to
maximise memory bandwidth.

The bottom 32 Mbytes of the memory map consists of logically mapped RAM. MEMC
treats this area of the map as a set of contiguous logical pages. Since thereisaminimum
of 4 Mbytes physical memory in an Acorn Technical Publishing System, the page size
should be programmed to suit 1024 * 32 k logical pages. Refer to the MEMC data sheet (
Bibliography, reference 4) for details of how to do this.

When alogical page is accessed, the logical to physical address translator attempts to
convert the logical page number to a physical page number. Provided that the mapping
exists, and the request is being made in a sufficiently privileged mode, the appropriate
physical page will be accessed. If the mapping does not exist, or the access is made with
insufficient privilege, MEMC will signal the processor by generating an ABORT and the
memory will not be accessed.

Thelogical to physical mapping and protection status of each logical page is undefined at
power on, but may be programmed at any time by writing to the logical to physical address
tranglator.

The combined translator is programmed in the same manner as asingle MEMC system.
That is by encoding data onto the address bus. Now however Bit [7] is significant as
there are 256 entries in the combined translator. The translator in the master will be
updated if Bit [7] isazero, and the tranglator in the slave if aone. Thisistransparent to
software which should now treat the physical page number as an eight bit value.

A logical page must only appear in the combined translator once.
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Processor and memory subsystem : ROM

An abort will be generated only if both trandlators signal an abort.

3:3 ROM The read only memory contains the system loader and a limited amount of test code.
This provides a mechanism for loading the operating system (UNIX) from one of a
number of peripheralsincluding the SCSI based hard disc drive.

3:4 Detailed The processor and memory subsystem contains the following blocks.
circuit
description * ARM processor

* memory manager (MEMC) pair
» gystem clock generator

* memory (DRAM) array

» address pipeline latch

e read only memory (ROM)

These are now described in detail.

The ARM processor  The ARM processor is |C68. The data sheet for this device isreference 1 in the
Bibliography. The following is a summary of local signals and a brief description of their
function. A full description of the operation of the ARM processor is contained in the
data sheet.

Name Description

PH2m Phase Two Clock. Thisis generated by the master MEMC.

PHImM Phase One Clock. Thisis generated by the master MEMC:

R* /W Not Read / Write. When high this signal indicates a processor write
cycle; when low, aread cycle. It becomes valid during phase 2 of the
cycle before that to which it refers, and remains valid to the end of
phase 1 of the referenced cycle. The timing of thissignal is similar to
an addressline.

OPC* Not Op-Code Fetch. When low this signal indicates that the
processor is fetching an instruction from memory; when high data (
if anything) is being transferred. The signal becomes valid during
phase 2 of the previous cycle, remaining valid through phase | of the
referenced cycle.

MREQ* Not Memory Request. This signal, when low, indicates that the
processor requires memory access during the following cycle. The
signal becomes valid during phase |, remaining valid through phase 2
of the cycle preceding that to which it refers.

ABORT Memory Abort. Thisis an input which allows the memory system to
tell the processor that a requested accessis not allowed. It is asserted
whenever the MEMC pair detects an access that isillegal for the
current processor mode, or when both trandlation units agree that the
logical page being accessed has no physical mapping. The signal is
valid before the end of phase | of the cycle during which the memory
transfer is attempted.
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Processor and memory subsystem : ROM

IRQ*

FIQ*
RESET

TRANS*

M[1,01*

SEQ

ALE

Not Interrupt Request. Thisis an asynchronous interrupt request to
the processor which causesit to be interrupted if taken low when
the appropriate enable in the processor is active. Thissignal is
generated by the input/output controller (I0C) which also actsas an
interrupt controller. The signal islevel sensitive and is held low
until a suitable response is received from the processor.

Not Fast Interrupt Request. As IRQ* but with higher priority.

Reset. Thisisalevel sensitive input signal which is used to start the
processor from a known address. A high level will cause the
instruction being executed to terminate abnormally. When RESET
becomeslow for at least one clock cycle, the processor will restart
from address 0. RESET is generated by circuitry in the I/O subsys-
tem. When high the processor will perform dummy instruction
fetches with the address incrementing from the point where reset
was activated. The address value will overflow to zero if RESET is
held beyond the maximum address limit.

Not Memory Trandate. When this signal islow it indicates that the
processor isin user mode, or that the supervisor isusing asingle
transfer instruction with the force trandlate bit active. It is used to tell
memory management hardware when translation of the addresses
should be turned on, or as an indicator of supervisor mode activity.

Not Processor Mode. These are output signals which are the
inverses of the internal status bits indicating the processor
operation mode. These signals are not used externally to ARM in
this system.

Sequential Address. Thisisan output signal. It will become high
when either:

- the address for the next cycle is being generated in the address
incrementer, so will be equal to the present address (in bytes) plus
4
or

- during a cycle which did not use memory ( MREQ* inactive),
when the next cycle will use memory and the address will be the
same as the current address.

>

The signal becomes valid during phase 1 and remains so through
phase 2 of the cycle before the cycle whose address it anticipates. It
is used by the MEMC pair, in combination with the low-order
address lines, to deduce that the next RAM cycle can omit the row
address phase (page mode) and also by-pass the address translation
system.

Address Latch Enable. Thisinput to the processor can be used to
control transparent latches on the address bus outputs. Refer to the
MEMC data sheet, (Bibliography, reference 4). This pin is not used
in thisdesign and is pulled high (transparent) by R125.
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Processor and memory subsystem : ROM

A[25:0]

ABE

D[0:31]

DBE

B*/W

CPI*

CPB*

CPA

Addresses. Thisisthe processor address bus. The addresses become
valid during phase 2 of the cycle before the one to which they refer
and remain so during phase 1 of the referenced cycle. The address
busislatched in the address latch (sheet 6) to provide a stable
address for the ROMs and 1/0 system until the end of the referenced
cycle.

Address Bus Enable. Thisis an input signal which, when low, puts
the ARM address bus driversinto a high impedance state. ABE is
pulled high by R123 as there is no system requirement to turn off the
address drivers. This pin can be pulled low to facilitate ATE testing.

Data Bus. These are bi-directional signal paths which are used for
data transfers between the processor and external memory, as
follows:

- during read cycles (when R*/W = 0), the input data must be valid
before the end of phase 2 of the transfer cycle

- during write cycles (when R*/W = 1), the output data will become
valid during phase 1 and remain so throughout phase 2 of the
transfer cycle.

Data Bus Enable. Thisisan input signal which, when low, forces
data bus driversinto a high impedance state. The driverswill
aways be high impedance except during write cycles.

Not Byte / Word. Thisis an output signal used by the processor to
indicate to the external memory system when a datatransfer of abyte
length is required. The signal is high for word transfers and low for
byte transfers and is valid for both read and write cycles. The signal
will become valid during phase 2 of the cycle before the one during
which the transfer will take place. It will remain stable throughout
phase 1 of the transfer cycle. The timing of thissignal issimilar to an
addressline.

Coprocessor Instruction. When ARM executes a coprocessor
instruction, it will take this output low and wait for a response
from the coprocessor. The action taken will depend on this
response, which the coprocessor signals on the CPA and CPB*
Cinoppurtsoc.

Coprocessor Busy. A coprocessor which is capable of performing the
operation which ARM is requesting (by asserting CPI*), but cannot
commit to starting it immediately, should indicate this by letting CPB
be pulled high by R166. When the coprocessor is ready to start it
should drive CPB low. ARM samples CPB at the end of phase 1 of
the cycle when CPI* islow.

Coprocessor Absent. A coprocessor which is capable of performing
the operation which ARM is requesting (by asserting CPI*) should
take CPA low immediately. If CPA is high at the end of phase 1 of
the cycle when CPI* islow, ARM will abort the coprocessor
handshake and take the undefined instruction trap. If CPA islow and
remains low, ARM will busy-wait until CPB islow and then
complete the coprocessor instruction.

Acorn Technical Publishing System Technical Reference Manual



The memory manager
(MEMC) pair

Processor and memory subsystem : ROM

The master MEMC is IC69 and the lave MEMC is IC70. The data sheet for these
devicesisreference 4 in the Bibliography. A full description of the internal operation of a
MEMC is contained in the data sheet.

In this part of the circuit where there are two identicall MEMC devicesit is easy to
confuse signal names. To reduce the risk of this occurring signals to/from the master
MEMC have the suffix 'm' (REF8m, PHI1m etc) while those signals to/from the lave
MEMC have the suffix 's (REF8s, PHI1s etc). This does not apply where asignal is
common to both the master and slave; in this case there is no lower case suffix.

Essentially the address and timing inputs to the two MEMC devices are connected in
paralel, while the multiplexed row and column address outputs drive separate memory
arrays.

The master MEMC is the system clock generator, providing 8 MHz two phase clocks (
PHI1m, PHI2m) for the ARM processor, and areference 8 MHz clock (REF8m) for the
remainder of the system. The clock outputs from the slave MEMC, while in phase with

the master are not used. Use of outputs from the slave would prevent the removal of the

slave MEMC to produce a4 Mbyte system, should such a product be required.

For details of the clock scheme see the section System clock generator below.

It does this by dividing an input 24 MHz clock (CLK24m) by three. It isimportant that
the reference clocks produced by both the master (REF8m) and slave (REF8s) arein
phase to within approximately 10 ns. Thisis achieved by the clock generator circuit on
sheet 7 and described in the next subsection.

The following is a summary of the function of local signals. As both devices are
identical most signals are common. Where these are different an explanation is given.

Name Description
AJ0:25] Thisisthe Processor Address Bus.
R*/W Processor Not-Read/Write. Determines the direction of data flow

during processor accesses.

B*/W Processor Not-Byte/Word. Determines whether a processor access
is byte-wide (8 bits) or word-wide (32 bits).

Thisinput is sampled as MRESET goes low to determine whether
MEMC isamaster (B*/W = 1) or slave (B*/W = 0) controller.

MMREQ Modified Processor Memory Request. This signal is a modified
version of the processor signal - Memory REQuest. The
modification' is not required if MEMCla devices areinstalled and
the PAL (1C72) istracked across between pins 2 and 19.

MSEQ Modified Processor Sequential Access. This signal is a modified
version of the processor signal SEQuential. The modification is
required to support coprocessors.

SPVMD Supervisor Mode Select. Thisis connected to the processors
TRANS* pin. When low thisindicates to MEMC that the
processor isin user mode or that the supervisor isusing asingle
transfer instruction with the force tranglate bit active.
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Processor and memory subsystem : ROM

PHI1m, PHIZ2m
PHI1s, PHI2s

DBEm, DBEs

ABORTm,
ABORTs

|ORQ*

REF8Mm,
REF8Ms

IOGT*

CLK24m, CLK24s

MRESET

RAM[0:9],
RAS0:9]

RASM*, RASs*

CASM*[0:3],
CASs*[0:3]

The master pair (PHI1 m and PHI2m) provide the processor PHI
clocks. These are two phase and non-overlapping. The slave pair (
PHI1s and PHI2s) are not used and are left open circuit.

Processor Data Bus Enable. The master (DBEm) enables the
processor data bus during processor write cycles. Both DBEm and
DBEs are inverted by gatesin IC60 to provide an active low write
enable for the respective dynamic RAM banks.

Memory Manager Abort. The logical AND (1C61) of these two
signalsisthe processor ABORT. Each lineis driven high by

MEMC to inform the processor that the current memory accessis
illegal or that there is no physical mapping for the requested
logical page. In the case of anillegal access both MEMCs will
agree the accessisillegal and both will signal ABORT: When a
mapping exists it will be in one transglator only and the other will
signal ABORT.

Input/Output Cycle Request. The IORQ signal is driven low by the
master MEMC to inform the I/O controllersthat an 1/O cycleis
being requested by the processor. The equivalent slave signal
IORQsis not used and is open circuit.

8 MHz Reference Clocks. The master REFBMm signal is buffered
in 1064 to provide copies for use by the I/0 system (REF8M), the
backplane (REF8Mbp) and the clock generator phase detector (
REF8MPDm). The slave REF8Msiis only used by the clock
generator phase detector but is also buffered by 1C64 produce
REF8MPDs. See the section System clock generator below.

Input/Output Cycle Grant. Thisinput informs both MEMCs that
the 1/O controller is ready to complete the 10 cycle.

24 MHz Clock Inputs. MEMC generates the 8 MHz reference
clocks from these inputs. See the section System clock generator
below.

Modified Reset. Thissignal is a synchronised version of the
asynchronous reset from the 1/0 subsystem. It is synchronised to
REF8m by 1C136. This is done to ensure both MEM Cs come out
of the reset state together.

RAM Address Bus. These are the multiplexed row and column
address lines to the two DRAM arrays.

Row Address Strobe. These are the DRAM row address strobes.
The high to low transition of RAS* strobes the row address on
RA[0:9] into the DRAMS.

Column address strobes. Each CAS line controls a byte wide

column in the DRAM array. The high to low transition of a CAS*
line strobes the column address on RA[0:9] into the DRAMs. During
aword access CASg[0:3] or CASm[0:3] is active. During a byte
access only one CASlineis active, selected by A[0:1].
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Processor and memory subsystem : ROM

ROMCS*

VIDW*

MFLYBK

HS

MVIDRQ*

VIDAK*

MSNDRQ*

SNDAK*

SIRQ*

ROM Chip Select. Thissignal is driven low when the processor
accesses the Read Only Memory (ROM). Only the master (
ROMCS) is used, the equivalent Slave signal (ROMCSs) is hot
connected.

Video Controller Write Strobe. Thissignal is driven low while the
processor is performing awrite operation to the video controller (
VIDC). Only the master VIDW is used, the equivalent slave signal
(VIDWSs) is not connected.

Modified Video Vertical Flyback. Thisis used to reinitialise the
video and cursor DMA address pointers. Thissignal isa
synchronised version of the asynchronous FLY BK from VIDC. Itis
synchronised to REF8m by 1C136. Thisis done to ensure both
MEMCsinitialise their counters simultaneously.

Video Horizontal Synchronisation. This signal selects between
video and cursor data buffers. DMA data requests from VIDC
made while thissignal islow will be returned data from the cursor
data buffer. DMA data requests from VIDC made while this signal
is high will be returned data from the video data buffer.

Modified Video Data Request. This signal requests avideo or
cursor DMA operation (depending on the sense of HS*). This
signal is a synchronised version of the asynchronous VIDRQ from
VIDC. It is synchronised to REF8m by 1C136. Thisis done to
ensure both MEMCs service the DMA request together. Note that
although both MEMCs service the DMA cycle only the master will
generate CAS[0:3] and only data from the master DRAM array
will be enabled onto the data bus.

Video Data Acknowledge. This signal is driven low by MEMC to
indicate that the requested video/cursor data is available. Only the
master (VIDAK) is used, the equivalent slave signal (VIDAKS) is
not connected.

Sound Data Request This signal requests a sound DMA operation.
Thissignal isasynchronised version of the asynchronous SNDRQ
from VIDC. It is synchronised to REF8m by 1C136. Thisis doneto
ensure both MEMCs service the DMA request together. Note that
although both MEMCs service the DMA cycle, only the master will
generate CAS[0:3] and only data from the master DRAM array will
be enabled onto the data bus.

Sound Data Acknowledge. This signal is driven low to indicate that
the requested sound data is available. Only the master (SNDAK) is
used, the equivalent slave signal (SNDAKS) is not connected.

Sound Interrupt Request. This signal generates a processor
interrupt if enabled in IOC. It signalsthat a sound buffer serviceis
required. Only the master (SIRQ) is used, the equivalent slave
signal (SIRQs) is not connected.
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Processor and memory subsystem : ROM

The system clock  The system clock schemeisillustrated below.
generator

96 MHz

+4

REFSMPDs CLK24SYS REF8§MPDm

7 e
CLK24s CLK24m
PHI1
SLAVE MASTER 4’ ARM
MEMC MEMC PHI2 PROCESSOR
¢3) ¢3) 4"

REF8Mm

REF8Ms J_—]

REF8M REF8Mbp

Figure 3.2 : The system clock generator
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The memory array

Processor and memory subsystem : ROM

An ECL 96 MHz oscillator (sheet 2, X1) isdivided by four by a quadrature divider (
IC14) to produce a 24 MHz signal, CLK24SY S. This can be seen on atest point on
sheet 7 (J7, pin 7).

The divide by three block in MEMC between the CLK 24 input and REF8M output is
not reset on system power-up. This means that the REF8M outputs from the MEMCs
can be out of phase. In order for the dual MEMC system to function both master and
slave, REF8M must be in phase.

While early reset (ERST*) is active the phase detector PAL (I1C55) divides the 24 MHz
clock by 4 to produce an asymmetric 6 MHz clock. It then drops cyclesto the slave
MEMC until the two REF8M clocks are in phase.

The variation in MEMC internal propagation delay due to manufacturing tolerance can
also introduce phase error. Thisis removed by adjusting two tapped delay lines (1C36
and 1C29) until the REF8M outputs are within 5 ns. In most systems both MEMCs will
be from the same production batch and will have almost identical propagation delays,
allowing the delay lines to be by-passed using links.

The outputs of the delay lines are buffered by 1C24 and drive the CLK 24 inputs of the
master and slave MEMC.

The following is a summary of the functions of local signals.

Name Description

CLK24SYS System 24 MHz Clock. Thisis generated from the 96 MHz
oscillator in the video circuit on sheet 2.

CLK24m, CLK24s 24 MHz MEMC Clocks. These are the phase modified versions of
CLK24SY Sfor each MEMC.

REF8MPDm, REF8M (Phase Detector). Copies of REF8M used by the phase
REF8MPDs detector.
ERST* Early Reset. This signal, when active, causes the phase detector

PAL to output 6 MHz on the CLK 24 signals. It is deasserted
approximately one second earlier than the RST signal that releases
the processor from the reset state.

The memory array is constructed from two banks of dynamic random access memory. The
master bank (1C115-118, 1C120-129, IC133-138, 1C141-142, |C144-147, 1C149-154) isthe
low 4 Mbyte of physical memory, while the slave bank (IC75-76, IC79-82, 1C84- 91, 1C93-
96, 1C98-99, 1C101-102, IC104-109, ICI 11-114) isthe high 4 Mbyte of physical memory.

Each of the 32f data lines has a 680hm source terminating resistor which is shared
between the two banks.

For an explanation of the signals to and from the memory array see the section Memory
manager pair above.

Acorn Technical Publishing System Technical Reference Manual

18



Processor and memory subsystem : ROM

Address pipeline latch  The ARM processor is a pipelined processor and the value on the address bus A[0:25]
changes to the next address before the current cycle is completed. Devices like the ROMs or
peripheral controllers are not pipelined and require stable addresses to be held to the end of
the current cycle. The address pipeline latch resolves this by latching the current address
until the beginning of the next cycle. The figure below illustrates this.

| CYCLE (i) |CYCLE(i+1)

PHI1 _/ \ /\
/

SR [\

ARM address

ADD (i) ADD (i +

latched address S ADD (i) &IX

Figure 3.3 : Address pipeline latch timing

The address pipeline latch is 1C46 to 1 C57.

The address decode PAL (1C40) extends the function of the address pipeline latch to the
high order address lines (LA17:25). In addition this device performs some advance
address decoding, generating various select signals for the SCSI buffer and the hexadeci-
mal display.
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Processor and memory subsystem : ROM

Thefollowing is asummary of local signals and a brief description of their function.

Name
A[2:181

LA[2:18]
BPHI1

R*/W

LR*/W

LIOR*/W

MODULE*

SCBSEL*

SCCSEL*

DSPSEL*

LED*

Description

The Processor Address Bus.
The Latched Address Bus.

The Buffered PHI1m Processor Clock. The rising edge of this clock
indicates the start of a new processor cycle and allows the next
address from the processor through to the non-pipelined devicesin
the system.

Not Read/Write. Thisis the processor read/write signal. The
timing and treatment in 1C40 is similar to an address. Two
versions of thissignal are produced, (LR*/W) and LIOR*/W).

Latched Read/Write. Thisis R*/W latched on the rising edge of
BPHIL

Latched Input/Output Read/Write. Thisis special version of
LR*/W. Thissignal is normally equivalent to LR*/W. However,
when the processor is addressing the SCSI buffer thissignal is set
to alogic one (write). Thisis done to prevent a bus clash on the
processor data bus (D[0:32]) between the SCSI buffer bus drivers
and the 1/0O subsystem bus buffers.

MEMC Podule Select. This signal enables MEMC podules on the
podule expansion bus.

SCSl Buffer Select. Thissignal selectsthe SCSI buffer spacein the
address map. See Chapter 6, SCSI .

SCSI Control Select. Thissignal selects the SCSI control register
space. See Chapter 6, SCSI.

Display Select. Thissignal is pulsed active when the processor
reads from the hexadecimal display. This causes the display infor-
mation on address hits LA[4:7] to be latched into the combined
display driver (1C32).

LED Blank. Thisissimply LA[25] latched and buffered. It is used
to blank the display.
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Read only memory (
ROM)

Processor and memory subsystem : ROM

The circuit is based around four ROMs which may be 28 pin or 32 pin devices, each
containing between 64 k and 1024 kbits. If 28 pin devices are to be installed, then these
are fitted into the socket with the device pin 1 in the sockets pin 3. It will be necessary to
set or move three links (four jumpers) according to the size of the device to be installed.
A tableis provided in Appendix C, System PCB links.

Name
LA[0:18]
SA[16:18]

D[0:311

MROMCS

Description
The Latched Processor Address Bus.

The function of these signals changes according to the position of links
LK12, LK10 and LK13. For devices of 128 kbits or below LK12 and

LK 10 make SA[16:17] logic one. For devices above 128 kbits SA[16:17]
become addresses LA[16:17]. The remaining link, LK 13, allows JEDEC 1
Mbit EPROMs - LA[18] on pin 2, or MASK ROM type 1 Mbit EPROMSs -
LA[18] on pin 24, to befitted.

The Processor Data Bus.

Modified ROM Chip Select. This active low signal is generated by the
master MEMC. ROMCS is driven low at the beginning of

every non-sequential access and removed before the end if aDRAM
accessisin progress. This strategy allows slower ROMs to be used
than would otherwise be necessary.
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Chapter 4 The hexadecimal display

4:1 Circuit
description

A significant percentage of the main PCB must be working before faults can be reported
on amonitor. In order to reduce this percentage a hexadecimal display is provided, on
which test software can report faults. This display is visible when the lid of the Acorn
Technical Publishing System isremoved. A character is displayed by reading from the
corresponding address shown in the table below.

Character Address

0x3400000
0x3400010
0x3400020
0x3400030
0x3400040
0x3400050
0x3400060
0x3400070
0x3400080
0x3400090
0x34000A0
0x34000B0
0x3400000
0x34000D0
0x34000E0
0x34000F0
LANK 0x3420000

WTMUOWD>OO~NOUNAWNRO

Table 4.1 : Hexadecimal display
The hexadecimal display is1C32 (see Appendix A). Thisisan integral datalatch,
decoder and display.
The base address is decoded by |C78 which produces a strobe to latch the display value.

The character to be displayed is taken from the processor address bus .

When the processor reset is held active it outputs incrementing addresses, causing the
display to flash on and off at approximately four second intervals. This can be used as a
quick check that the processor is receiving the appropriate clock signals.
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The hexadecimal display : Test ROM LED diagnostics

4:2 Test ROM Following reset the diagnostics below are displayed:
LED Cod Ve
; ; ode eaning
diagnostics 0 Should never get this

1 Failed ROM test 1. Check the test part of the ROM using minimal
ARM registers and instructions.

2 Failed ARM processor test

3 Failed quick RAM check. Gives extended diagnostics; 3...address...
expected data...found data

4 Failed ROM test 2. Full CRC of the ROM image.

5 Failed normal RAM test. Gives extended diagnostics; 5...address...
expected data...found data

6 Failed normal MEMC CAM mapping or protection tests

7 Coprocessor failure or ARM processor undefined instruction failure

8 Failed full RAM test. Gives extended diagnostics; 8...address...
expected data...found data

9 Failed full MEMC CAM mapping or protection tests

A Failed parallel port loopback tests. A solid ‘A" means the whole 1/0
world is suspected. Scoping patterns being generated. Scope pattern
does repeatedly:

Set LED to'A’

Set |0C baud rate to 45.59755 Hz (Ox55AA in latch)
Read back |0C baud rate (in reverse)

Write OXAA to printer datalatch

Write Ox55 to printer data latch

Read from printer data latch

Write 0x00 to printer control latch
Write OxFF to printer control latch
Read from printer status latch

Extended diagnostics;
A..0 Failed busy/strobe test (suspect PAL)
A...1...expected...got Failed control/status write/read back test
A...2...expected...got Failed data write/read back test

A.3 Failed interrupt operation (could be IOC
or the PAL)
Flashing B Waiting for the test station to engage in cooperative testing.
B Engaged in cooperative test with the test station. It is up to the test station to
report any faults.
C Not used. This should never happen
D Unexpected abort;
D...0...R14contents Branch through zero
D...1...R14contents Undefined instruction
D...2...R14contents SWI instruction

D...3...R14con tents Prefetch abort
D...4.. R14contents Data abort
D...5...R14contents Address exception

D...6...R14contents IRQ
D...7..R14contents FIQ
E Boot started (but not finished)
F Entered alanguage, all OK

Table 4.2 : ROM LED diagnostics
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Chapter 5 The input/output system

5:1 Introduction

5.2 Block diagram

Theinput/output (1/0) system is divided into two sections:

¢ The SCSl interface and buffer. Thisis described later in Chapter 6, SCSI.

e The IOC controlled peripheral subsystem (floppy disc, seria line, printer port,
CMOS RAM etc) which is described in this chapter. The podule expansion bus,
which isalso 10C controlled, is described in Chapter 10, Podules and backplane.

Theinput output controller (10C) is amember of the Acorn RISC Machine (ARM)
support chip set, and interfaces directly with the memory controller (MEMC) and the
video controller (VIDC) to provide aunified view of interrupts and peripherals within
an ARM based system.

|OC manages an /O data bus to which peripheral controllers are connected, provides a
set of internal functions, and controls access to external peripherals. The interna
functions include timers, a serial keyboard interface and interrupt control logic to satisfy
the basic requirements of a computer system. The peripheral cycles allow standard
peripheral controllers from awide range of manufacturersto be interfaced without any
additional logic. A flexible control port offers a number of general purpose input/output
pins.

A block diagram of the I/O system bus is shown in Figure 5.1 below.

The processor data bus is connected to the 1/0O data bus by a set of latches. These provide
two functions. Firstly they isolate the I/O bus |oad from the processor data bus. Secondly
they allow for the mismatch in speed between the two buses.

The buffered data busis used on the podule expansion bus and to access 10C.

The buffered data busis further buffered to form the peripheral data busto whichis
attached the on-board peripheral controllers.

The latched address bus is the same bus that provides addresses to the system ROMs (see
Chapter 3, Processor and memory subsystem).
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5:3

The input/output system : Block diagram

ADDRESS PIPELINE LATCH

’ DQ , LATCHED ADDRESS BUS

IRQ
FIQ

FLOPPY SERIAL| | PRINTER

"
BBDO-
H 16 Eﬁ BBD7 8
7 /
BUFFERED PERIPHERAL DATA BUS
D16-D31 DAIA

-

DATA BUS LATCH

KEYBOARD

Figure 5.1 : The I/O system bus structure

The 1/0 system can be divided into the following subsystems:

the 10C controller

abidirectional parallel port (centronics compatible)
adual serial line controller (RS232)

afloppy disc controller

a battery backed clock/RAM (PCF8583)

the keyboard

the podule expansion bus.

Each of the above - except the keyboard and expansion bus which have their own
chapters - is described in the following sections.

I/0 address The I/O space in the ARM address map is divided into four 1 Mbyte sections. The upper 2
map M byte_is occupied by 10C and 10C controlled peripheral devices, including podules on the
expansion bus.
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Byte accesses

The input/output system : I/O address map

The lower 2 Mbyte is further decoded into two sections. The lower 1 Mbyte is occupied
by MEMC podules (modules) on the expansion bus. The upper 1 Mbyte is occupied by
the SCSI buffer cache. Both of these are described in their own chapters.

0x33FFFFF
IOC Controlled Devices
(including Podule Expansion Bus)
0x3200000
SCSI Buffer
0x3100000
MEMC Podules
(Expansion Bus)
0x3000000

Table 5.1: 1/0 address map

Table 5.1 and Table 5.2 illustrate the address map for the 1/0 system. The cycle type and
bank fieldsin these tables are transparent to the programmer, as the design of 10C means
these are coded into the base address of the peripheral being accessed.

Cycle Base

Type Bank Address Device Function

Med 1 0x3290000 1793/9793 Floppy Disc Controller

Fast 5 0x3350040 HC Latch Floppy Disc Control Latch 1
Fast 5 0x3350010 HC Latch Printer Data

Fast 5 0x3350018 HC Latch Printer Strobe

Med 3 0x32B0008 28530 Serial Line Controller

Slow 4 0x324p000 Podule(s) Internal Podules

Med 4 0x32Cp000 Podule(s) Internal Podules

Fast 4 0x334p000 Podule(s) Internal Podules

Sync 4 0x33Cp000 Podule(s) Internal Podules

Fast 6 0x3360000 PAL Podule(s) IRQ Request (Read)
Fast 6 0x3360004 PAL Podule(s) IRQ Mask

Table 5:2 : Peripheral address map

To access byte wide peripherals byte instructions should be used. A byte store operation
will place the written byte on all four bytes of the word and will therefore correctly place
the desired value on the lowest byte of the buffered data bus. A byte or word load may be
used to read a byte wide peripheral into the lowest byte of an ARM register.
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The input/output system : The I/O controller

Half-word accesses 10 access half-word peripherals, word instructions should be used. When writing to a
device the half-word must be placed on the upper 16 bits, D[16:31]. To maintain upwards
compatibility half-word stores should replicate the written data on both half-words. When
reading from a device the data is returned on the lower half word and the upper half word
is undefined.

Word accesses These are not supported on the Acorn Technical Publishing System.

5:4 Thel/O The |OC data sheet (Bibliography, reference 2) describes the I/O controller in detail and
controller specifies the functions of this device.

The 10C and peripherals are memory mapped devices. This allows the programmer to
specify in asingle memory instruction the peripheral to be accessed and speed of access it
requires.

The 10C address space is decoded into eight BANKS, bank zero through seven. The
bottom bank, bank zero, selects the internal registers of |IOC. The remaining seven banks
control seven peripheral select lines.

The seven peripheral banks are each further decoded by 10C into four types of peripheral
access. The type of the peripheral access determines the timing of the data transfer cycle.

Recommended cycle types for the peripherals in this system are given in the address map
table, Table 5.2 above. The figure below illustrates how the address of a particular
peripheral is calculated.

A25 |A24 |A23 ]A22 A21 |A20 jA19 | A18|A17|Al16 |Al15 |A14 JA13 [A12 (A1l |A10 |A9 |A8 |A7 |A6|AS|A4 A3 [A2]Al

1 1 0 0 1|TYPE | BANK IN BANK ADDRESS

Figure 5.2 : Peripheral address calculation

. All internal registers accesses take two REF8M cycles to complete. The internal registers
I0C Internal register ¢ gecoded as bank zero. The individual registers are then selected by A[2:6]. The
Map  registers are decoded on word boundaries. The state of the T[0:1] linesis ignored. The
address are shown in Table 5.3 below.
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The input/output system : The I/O controller

Address

0x3200000
0x3200004
0x3200008
0x320000C
0x3200010
0x3200014
0x3200018
0x320001C
0x3200020
0x3200024
0x3200028
0x320002C
0x3200000
0x3200034
0x3200038
0x320003C
0x3200040
0x3200044
0x3200048
0x320004C
0x3200050
0x3200054
0x3200058
0x320005C
0x3200060
0x3200064
0x3200068
0x320006C
0x3200070
0x3200074
0x3200078
0x320007C

Read

Control
KeyBd Rx Data

IRQ status A
IRQ request A
IRQ mask A

IRQ status B
IRQ request B
IRQ mask B

FIQ status
FIQ request
FIQ mask

TO count Low
TO count High

T1 count Low
T1 count High

T2 count Low
T2 count High

TO count Low
T3 count High

Write

Control
KeyBd Tx Data

IRQ clear
IRQ mask A

IRQ mask B

FIQ mask

TO latch Low

TO latch High

TO go command
TO latch command
T1 latch Low

T1 latch High

T1 go command
T1 latch command
T2 latch Low

T2 latch High

T2 go command
T2 latch command
T3 latch Low

T3 latch High

T3 go command
T3 latch command

Table 5.3 : Internal register memory map
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5.5 Control
register

The input/output system : Control register

The control register allows the external control pins C[0:5] to be read and written. In
addition, the current state of the two edge sensitive interrupts IR and IF inputs can be
inspected.

The C[0:5] bits are bi-directional and are allocated as shown in Table 5.4 below.

Note that on reset al bitsin the control register are set to '1'.

Writing to the control register

or C6 Cs C4 C3 C2 C1 Co

1 1 1 1 1 1 SLC SDA

Reading from the control register

1 1 1 1 1 DC* SLC SDA

Table 5.4 : Control register

C[0:1],12C SDA and SLC, Bi-directional

These bitsimplement 12C bus to which the real time clock and battery RAM are
connected. The I2C busis abidirectional serial buswith just two signals. The serial data
line (SDA) is C[0], and the serial clock line (SCL) is C[1]. For further details see the
Mullard PCF8583 data sheet, listed in Appendix E.

C[2] DCe, Active Low Input

Thisbit is controlled by the disc changed signal from the floppy disc drive. When low it
indicates that the disc has been removed. It will be reset high when a disc has been
inserted and the drive heads stepped. When writing to the control register this bit must
be set. See also the section The floppy disc controller below.C[3]Not Used

Thisbit is not used. This hit will always be set when the control register isread. When
writing to the control register this bit must be set.

C[3} Not Used

Thisbit is not used. This bit will always be set when the control register isread. (A
link option exists to make this bit controlled by the alarm signal from the 12C
PCF8583 timer. Thislink is not normally installed.) When writing to the control
register this bit must be set.

C[3] Not Used
Thisbit is not used. This bit will always be set when the control register isread. When
writing to the control register this bit must be set.

C[6:7] Test
These bits control internal test modes and must be set.
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5:6 Keyboard
asynchronous
receiver/
transmitter (
KART)

Programming and
initialisation

Receive interrupt

The input/output system : Keyboard asynchronous receiver/transmitter (KART)

The KART provides an asynchronous serial link to the keyboard. It is of fixed format
with 8 bits to a character which is framed with one start bit and two stop bits. The least
significant bit KD[0] is transmitted/received first. The KART dividesinto two, the
receiver and the transmitter.

The ARM accesses the receiver viathe serial Rx dataregister: A clock of 16 timesthe
datarateis used by the KART to clock in the serial datafrom the KIN pin. When a data
byte has been received, the SRx bit is asserted in the IRQ status B register to indicate
that the byte is available for reading. False start bits of less than a half bit duration are
ignored. Reading from the serial Rx data register clears any outstanding SRx interrupt
and returns the currently received byte. Datais only valid while the SRx bit is set in the
IRQ status B register.

The ARM accesses the transmitter viathe serial Tx dataregister. The byte written to the
serial Tx dataregister istransmitted serially from the KOUT pin, and the STx bitis
asserted in the IRQ status B register to indicate that the transmission is finished and the
serial Tx dataregister may be reloaded. Reloading this register loads the serial output
shift register, and clears any outstanding TRx interrupt and starts transmission.

The receive and transmit speeds are the same and are programmed using counter 3.
The keyboard protocol is described in Chapter 9, Keyboard and mouse.

After power-on, the KART isin an undefined state. The KART isinitialised by
programming the serial line speed using counter 3 and performing aread from the serial
Rx data register, discarding the data byte. Thiswill clear any outstanding receive
interrupt and enable the KART for the next reception. After thisthe Tx data register
should be written to. Thiswill abort any transmission in progress, cause a new oneto be
started, and clear any STx interrupt.

The SRx interrupt is set halfway though the reception of the last data bit. Care should be

taken to ensure that the last bit has been received before the serial Rx data register is read,
to prevent this bit being interpreted as the start bit of the next packet.
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5.7 Counters

Register actions

Counter registers

Counters 0 and 1

Counter 2 (BAUD)

The input/output system : Counters

IOC contains four identical 16 bit counters. Two are used as timers, the third asa
general purpose BAUD rate output and the fourth for the keyboard line rate. They all
have fully programmable start/reload values.

Each counter consists of a 16 bit down counter, a 16 bit input latch (latch low and latch
high) and a 16 bit output latch (count low and count high) which contains the value of the
counter when alatch command access cycle is performed. The counter decrements
continuously, clocked at 2 MHz. When it decrements to zero, it is reloaded from the input
latch and recommences decrementing. The reload is used to trigger different events
depending on the use of the counter. If a counter isloaded with zero it continuously
reloads and does not count. If the GO register is written at the same time as the counter
reloads an extra2 MHz clock tick is taken to reload. After power-on the state of the
countersis unknown.

latch = latch low + 256 * latch high

Latch low Writing to this updates the low order byte of the input latch

Latch high Writing to this updates the high order byte of the input latch

Go command Writing to this causes the counter to be reloaded immediately with
the latch value

Count low This causes the low order byte of the output latch to be read

Count high This causes the high order byte of the output latch to be read

Latch command This causes the current value of the counter to be placed in the
output latch
Addressfor counter
0 1 2 3 read or write

Latch low 40H 50H 60H 70H write

Latch high 44H B54H 64H 74H write

GO command 48H 58H 68H 78H write

Count low 40H 50H 60H 70H read

Count high 44H 54H 64H 74H read

Latch command 4CH 5CH 6CH 7CH write

Table 5.5 : Counter registers

Counters 0 and 1 are used as timers. In the Acorn Technical Publishing System timer O is
programmed to produce an interrupt at 10 millisecond intervals, while timer 1 is used by
the keyboard driver software.

The reload event setsatimer interrupt, TM[0:1] in the IRQ status A register. The
interrupt is cleared viathe IRQ clear A register. In order to generate an interrupt after
time, T,eva, the 16 bit value, (latch), to be used is calculated from the following
equation:

Tinerva -= latch/pseconds
The counter 2 output is used to drive the BAUD pin. In this system thisis used as a baud
rate source for the serial line controller when split rates are required. It should not be used
as a baud rate source at or above 9600: The reload event toggles the BAUD clock line. In

order to generate a clock of frequency f gaup, the 16 bit value (latch) to be used is
calculated from the following equation:

faaup .= U(latch+1) MHz
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Counter 3 (KART)

The input/output system : IOC interrupt allocations

The counter 3 output controls the speed of the keyboard serial link. Keyboards supplied
with the Acorn Technical Publishing System run at the maximum 31.25 K baud. In order
to generate a baud rate kg, p, the 16 bit value (latch), to be used is calculated from the
following equation:

Kgaup = 1/((latch+1)*16) MHz

The maximum baud rate of 31.25 K baud is obtained by programming latch=1.
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5.8 10C interrupt
allocations

Internal Interrupt
events

External interrupt
events

Synchronisation

Interrupt status
registers

IRO status register 'A’

The input/output system : I0C interrupt allocations

The I/O system generates two independent processor interrupts, IRQ* and FIQ*.
Interrupt requests can be caused by eventsinternal to 10C or by external events on the
interrupt or control port input pins.

Theinterrupts are controlled by four types of register; status, mask, request and clear. The
status registers reflect the current state of the various interrupt sources. The mask registers
determine which sources may generate an interrupt. The request registers are the logical
AND of the status and mask registers and indicate which sources are enabled and
generating interrupt requests to the processor. The clear register allows clearing of
interrupt requests where appropriate. The mask registers are undefined after power up.

The IRQ events are split into two sets of registers A and B Thereis no hardware
priority encoding of the sources.

o Timer interrupts TM[0:1]

* Power-on reset POR

» Keyboard Rx data available SRx

» Keyboard Tx dataregister empty STx
e Forceinterrupts'1'

* IRQ activelow inputs IL[0:7]
* IRQ falling-edge input IF

» IRQrising-edgeinput IR

* FIQ active high inputs FH[0:1]
e FIQ active low input FL

e Control port inputs C[3:5]

Level triggered interrupts
The majority of external and afew of the internal interrupt sources are level sensitive.
When one of these sources has caused an interrupt it is cleared by removing the source.

Latched interrupts

A few sources are edge sensitive. That is, once one of these sources has caused an
interrupt, it must be cleared by an explicit write of '1' to the appropriate bit in the IRQ
clear A register. One or many may be cleared in a single operation.

All the interrupt sources are synchronised by the REF8M clock input. It can take up to
three clock phases before a source is recognised as requesting an interrupt, and the same
delay occurs between alevel sensitive request going inactive at an input pin and the
removal of the corresponding bit from the status register and the processor interrupt line.

There are three interrupt status registers (IRQ status A, B and FIQ status).

Note: The 'active' level specified refersto the logic level on the input pin required to
set active (logic 1) the corresponding bit in the status register. Logic within 10C takes
care of any inversion required.

The bits within the IRQ status register A are defined below.
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BD7

BD6

BDS

BD4

BD3

BD2

BD1

BDO

Tl

TO

POR

VFLY

PINT

PBSY

Table 5.6 : IRQ status register A hits

Bit [O] Printer Busy (PBUSY) Activelow, LEVEL Triggered
This bit indicates that the printer is busy.

Bit [1] Ring Indicate (RII) Activelow, LEVEL Triggered

This bit indicates that a ringing indication has been detected by the serial line interface.
llering indicate signal is derived from the bell envelope and will generate an interrupt
until the call is'answered' by the modem.

Bit [2] Printer Interrupt (PINT) NEGATIVE EDGE Triggered
If the printer port is configured as an output, this bit indicates that printer acknowledge
has been received, so new data can be written to the printer port.

If the printer port is configured as an input, this bit indicates that a data strobe has been
received, so new data can be read from the printer port.

Bit [3] Vertical Flyback (VFLYBK) POSITIVE EDGE Triggered
This bit indicates that a vertical flyback has commenced.

Bit [4] Power-on Reset (POR)
This bit indicates that a power-on reset has occurred.

Bit [5:6] Timer 0 and Timer 1 events
These bits indicate that timer events have occurred.
Note: These are latched interrupts.

Bit [7] Force
Thisbit is permanently set (1) and is used to force an IRQ interrupt.

The bits within IRQ status register B are defined below.

BD7 BD6 BDS BD4 BD3 BD2 BD1 BDO

SRx STx PIRQ {DCIRQ SCSI SLCI SIRQ PIRQ

Table 5.7 : IRQ status register B bits

Bit [0] Podule Fast Interrupt Request (PFIQ), active low, level triggered
This bit indicates that a podule FIQ request has been received. It should usually be
masked OFF.

Bit [1] Sound Buffer Swap (SIRQ), active low, level triggered
This bit indicates that the MEM C sound buffer pointer has been rel oaded.
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Bit [2] Serial Line Controller (SLCI), active low, level triggered
This bit indicates that a serial line controller interrupt has occurred.

Bit [3] SCSI Interface Controller (SCSII), active low, level triggered
This bit indicates that an interrupt from the SCSI controller has occurred.

Bit [4] Floppy Disc Interrupt Request (FIRQ), active low, level triggered
This bit indicates that a floppy disc has completed a command.

Bit [5] Podule Interrupt Request (PIRQ), active low, level triggered
This bit indicates that a podule IRQ request has occurred. To identify which slot has
caused the interrupt, refer to Chapter 10, Podules and backplane.

Bit [6] Keyboard Transmission Event (STx), level triggered
This bit indicates that the keyboard transmit register is empty and may be rel oaded.
Cleared by writing to the KART Tx data register.

Bit [7] Keyboard Reception Event (SRx), level triggered
This bit indicates that the keyboard reception register is full and may be read. Cleared by
reading from the KART Rx dataregister.
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The bits within the FIQ status register B are defined below.

BD7 BD6 BDS BD4 BD3 BD2 BD1 BDO

1 PFIQ 0 o* 0 0 FFIQ FFDQ

* See Text

Table 5.8 : FIQ status register bits

Bit [O] Floppy disc data request (FFDQ), Active high, LEVEL Triggered
This bit indicates that a floppy disc data request has occurred:

Bit [1] Not used
Not used.

Bit [2] Not used (EFIQ), Activelow, LEVEL Triggered
Thisisnot used and is pulled high (inactive).

Bit [3] Not used (C3), Active low, LEVEL Triggered
Thisisnot used and is pulled high (inactive).

Bit [4] Not used (C4), Activelow, LEVEL Triggered
Thisisnot used, and is pulled high (inactive). If required the ALARM interrupt from
the CMOS Clock/RAM can be linked in to thisinterrupt.

Bit [5] Not used (C5)
Not used.

Bit [6] Podule FIQ request (PFIQ), Activelow, LEVEL Triggered
This bit indicates that a podule FIQ request has occurred. See Chapter 10, Podules and
backplane to find out how to identify which podule has generated the FIQ request.

Bit [7] Force
Thisbit is permanently set (1) and is used to force an FIQ interrupt.

Thisregister is used to clear the edge triggered interrupts described above. An interrupt
may be cleared by writing to this register with the corresponding bit settoa'l'.

BD7 BD6 BDS BD4 BD3 BD2 BD1 BDO

0 Tl TO POR VFLY PACK 0 0

Table 5.9: IRQ clear register bits

These three registers have bit positions which correspond to the three interrupt status
registers.

Writing a'0' to abit in amask register disables interrupts from the corresponding bit in
the status register.
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Writing a'1' to abit in amask register enables interrupts from the corresponding bit in
the status register.

Note: All unused interrupt sources should be masked off.
For the bit positions refer to the tables above detailing the status register bit positions.

The mask registers are readable to simplify the sharing of these registers between a
number of interrupt handlers.

The addresses of these registers are defined in Table 5.3.

These three registers have bit positions which correspond to the three interrupt status
registers. They show which interrupts are currently enabled and active.

Reading a'0' from abit in an interrupt request register indicates that the corresponding
interrupt source is either masked or not requesting an interrupt.

Reading a'1' from ahit in an interrupt request register indicates that the corresponding
interrupt source is enabled and requesting an interrupt.

For the bit positions refer to the tables above detailing the status register bit positions.
The addresses of these registers are defined in Table 5.3.

The majority of the 1/0O system is contained on the circuit diagramsin Appendix A. The
IOC isIC100, the data bus latch is IC78, 77, 74 and 73.

The system reset circuit is part of 10C and isin two sections. On power-up C57 chargesvia
R146. When the threshold of 1C110 pin 3 isreached, the signal ERST* - early reset -goes
inactive and C81 charges via R148. When the threshold of 1OC pin 28 is reached, the signal
RST* goes inactive and the processor |leaves the reset state. Diodes D10 and D9 protect the
CMOS inputs of 1C110 and IC100 (I0C) against latch-up and ensure correct operation
when the power supply is removed momentarily.

A reset can also be generated by pressing the reset key on the rear of the keyboard if link
LK17 isinstalled. However, on a UNIX system the processor should only be reset
following the correct shutdown procedure and so this link will not normally be installed.

The keyboard interface is constructed from two gates within 1C110 (pins 5/6 and pins
8/9). The resistor and diode network D11, D12, R157, R156 protects the keyboard
output against static discharge damage. The keyboard is powered from the 5V DC rail
viaa protection fuse F2.

The resistor pack RN9 provides pull-up resistors for those |OC signals that require
them.

R152 pulls up the buffered data bus bit BD(1) so that the processor can identify which
podule expansion bus slot has a podule installed. (See Chapter 10, Podules and
backplane.)

The following isasummary of local signals and a brief description of their function.
Name Description

REF8M 8 MHz reference clock. The timings of all interface signalsto
ARM and MEMC are referenced to this clock.
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CLKS8

CLK2

|ORQ*

IOGT*

BL*

BD[0:15]

RBE*

WBE*

LA[19:20]

[OR*/W

LA[16:18]

SF[1:7]

LA21

LA[2:6]
PRE*
WE
IRQ*
FIQ*

PFIQ*

8 MHz clock for external peripherals. Thetiming of all interface
signalsto peripheral controllers are referenced to this clock. No
relationship between CLK8 and REF8M should be assumed.

2 MHz clock for external synchronous peripheral timing. When
performing a synchronous type cycle the timing of all interface
signals to the peripheral controller are referenced to this clock. No
relationship between CLK2 and REF8M should be assumed.

I/0 cyclerequest. A low on thisinput indicates that the ARM is
performing an /O cycle.

I/0 cycle grant. An 1/O cycle is complete when IOGT and IORQ
are both low on arising edge of REF8M.

Buffer latch control for the ARM/ 1/O data.

The buffered data bus used on the podul e expansion bus and for
accesses to |OC internal registers.

Read buffer enable. This enables the read half of the data bus latch.

Write buffer enable. This enables the write half of the data bus
latch.

Type address lines. These are used to control type inputs on [OC
and so control the timing characteristics of any peripheral access.

1/0 not read/write. This line determines the direction of data transfer
inan I/O cycle: low to read or high to write an I/O device. Itis
forced to the write state (logic 1) when aread access to the SCSI
buffer occurs to prevent a bus clash on the processor data bus D[O:
31).

Bank address lines. These control 10C bank select lines and access
to either an internal 10C register or to a peripheral.

Active low peripheral. Selects which indicate valid address and
write data. They are decoded from B[0:2].

IOC chip select address line. When high allows internal register
and peripheral accesses to be performed. Even when low, |OC
continues to control the RBE and WBE lines. This allows MEMC
podules to be located on the podul e expansion bus.

Addresslinesto select 10C internal registers.

Peripheral read enable, used to time peripheral read accesses.
Peripheral write enable, used to time peripheral write accesses.
Interrupt request to ARM.

Fast interrupt request to ARM.

Expansion podule FIQ request.
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SIRQ*
sLCI*
scsll*
PIRQ*
PBSY*
RI*
FLYBK*
PINT*
FFDQ*
FIRQ*
EFIQ*
co

c1

c2

BAUD

KIN

KOUT

POR*

RST*

KRST*

KTX*

KRX*

Sound channel IRQ request.

Serial line controller IRQ request.
SCSI controller IRQ request.
Expansion podule IRQ request.
Printer port busy IRQ request.

Serial port ring indicate IRQ request.
Video flyback IRQ request.

Printer port IRQ request.

Floppy disc data transfer FIQ request.
Floppy disc controller IRQ request.
Not used (pulled inactive by RNIO).
Bus serial data.

Bus serial clock.

Floppy disc changed IRQ request.

Baud rate generator output. Thisis used by the serial line
controller when split transmit/receive rates are required.

Keyboard serial interface input.

Keyboard serial interface output.

Power-on reset input, usually connected to an external RC
network. It is used to generate a reset pulse at power-on and to

differentiate power-on from subsequent causes of reset.

Reset. The reset lineis driven low by POR* at power-on and may
be driven low externally at any time.

Keyboard reset. The KRST* lineis driven by the keyboard reset
key.

Keyboard transmit data. The KTX* lineis a buffered version of the
IOC output KOUT and is the seria data line to the keyboard.

Keyboard receive data. The KRX* lineisthe serial dataline from
the keyboard.

Acorn Technical Publishing System Technical Reference Manual 40



The input/output system : The printer port

5.9 The printer The printer port is abidirectional parallel interface. It is designed to drive printers or
port document scanners that support a centronics-like interface. The printer port is configured
as an output on system power-on. -

In addition to the standard centronics-type strobe, busy and acknowledge flags, the
interface also supports paper error, select, auto-line-feed, printer error, reset and select
input. These may not always be supported by the particular printer used.

The port can be configured as an input to provide a connection mechanism for devices like
document scanners. This mode also allows the printer port to be tested without a printer or
loop-back cable.

The address of the printer data and control registers is shown below:

Data register

BD?7 BD6 BD5 BD4 BD3 BD2 BD1 BDO

PD7 . PD6 PD5 PD4 PD3 PD2 PD1 PDO

Control outputs register

BD7 BD6 BDS BD4 BD3 BD2 BD1 BDO

0 0 PRST | CBSY ACK ALF PDIR | STRB

Control inputs register

BD7 BD6 BDS BD4 BD3 BD2 BD1 BDO

SELECT| ERROR | PRST BSY ACK ALF PDIR PE

Table 5.10: Printer interface

The data register The data port is abidirectional 8 bit port. The direction of this port is controlled by the
printer port direction bit (PDIR) in the control outputs register.
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The control outputs register provides the following control and strobe outputs:

BIT [0] STRB

Printer strobe. An active high output signal which strobes data into the printer. The
timing of thissignal is controlled by the printer driver. Typical timing parameters are
shown in Figure 5.3.

BIT [1] PDIR
Printer port direction. This bit controls the direction of the printer data port. Writing a
logic zero makes the printer port an output. This bit is cleared on power-up.

BIT [2] ALF
Auto-line feed. This active high bit puts the printer into auto-line feed mode (if thisis
supported by the printer). It is cleared on power-up.

BIT [3] ACK
Acknowledge. This active high bit will normally only be used for testing the printer
acknowledge input, at other timesit should be cleared. It is cleared on power-up.

BIT [4] CBSY

Clear busy. This active high bit is used to clear the printer port busy flag. It isonly
used when the printer port isin input mode, and at other times should be cleared. It is
cleared on power-up.

BIT [5] PRST
Printer reset. This active high bit is used to reset the printer. At other timesit should
be cleared. It is set then cleared on power-up.

BIT [6,7] RSVD
Reserved write zeros.

The control inputs register provides the following control and strobe inputs:

BIT [0] PE
Paper error. An active high input indicating an error condition related to the printers
paper supply, ie out of paper.

BIT [1] PDIR
Printer direction. Thisinput is only used to test the printer direction bit (PDIR) in the
output control register. It should be the same polarity.

BIT [2] ALF
Auto-line feed. Thisinput is only used to test the auto-line feed bit (ALF) in the
output control register. It should be the same polarity.

BIT [3] ACK

Printer acknowledge. This active high input is the standard printer acknowledge flag. If
the printer port is configured as an output, then an interrupt (PINT*) will be generated
when this bit is set active by the printer.

This bit can be tested by writing to the acknowledge (ACK) bit in the control output
register. It should be the same polarity.
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BIT [4] BSY
Busy. When the printer port is configured as an output, this active high input isthe
standard printer busy flag. When cleared by the printer an interrupt PINT* is generated.

When the printer port is configured as an input this flag can be used to test the state of
the host (A680) busy flag.

BIT [5] PRST
Printer reset. Thisinput is used to test the printer reset output bit (PRST) in the
control output register. It should be the same polarity.

BIT [6] ERROR
Printer error. This active low input indicates an error condition in the printer (if the
printer supports this mode).

BIT [8] SELECT
Select. This active low input informs the host that the printer is on-line if the printer
supports this mode.

Most printers can be operated on a subset of the signals available at the printer port. This

subset will normally be; the data bus, strobe, acknowledge and busy. These are the only
signals required to support the basic output mode of operation.

The basic output sequence performed by the processor is:

1. Wait for busy inactive interrupt.

2. Write data to data register and wait for t1.
3. Assert strobe for t2.

4. Wait for Ack interrupt.
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Figure 5.3 below illustrates the bus timing and specifies limits for atypical printer and
Figure 5.4 for a document scanner.

1 psec (min)

1 psec (min)
100 psec (max)

‘-/— 1 psec (min)

DATA (OUT)

STROBE (OUT)

BUSY (IN)

N,

/

AL/
PINT INTERRUPTU PBSY INTERRUPT

” " 1 usec (min)

Figure 5:3 : Parallel printer port output timing

ACK (IN)
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1 psec (min)
1 usec (min)
110 psec (max)
1 psec (min)

DATA (IN)

STROBE (IN)

b | 1 psec (max)*

BUSY (OUT)

ACK (OUT)

’i I‘ 10 psec (min)
*Hardware generated

Figure 5.4 : Parallel printer port input timing

All signals are compatible with standard TTL logic levels.

Data bus
The data busis buffered by a 74L S646 capable of sourcing -2.6 mA and sinking 14 mA.
The recommended load on these signalsisone LSTTL load and a4k7 pull-upto 5 V.

Control outputs

The control outputs are buffered by open collector inverters, the outputs of these are
pulled to 5V by 4k7 pull-up resistors. Each output is capable of sinking 14 mA without
exceeding the maximum TTL logic 0 voltage, (0.8 V). The recommended load on these
signalsisone LSTTL load and a 4k7 pull-upto 5 V.

Controal inputs

The control inputs present one LS load and a 4k7 pull-up resistor. Where asignal is both a
control output and a control input, only one 4k7 pull-up resistor isfitted. Input filters of
470hms in series with 1 nF capacitorsto 0 V reject input pulses shorter than
approximately 0.5 ps. The minimum input pulse widthis 1 ps.
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The printer port circuit diagram is contained in Appendix A.

The printer port data bus is latched and buffered in both directions by 1C5, a 74L S646.
The control outputs register is split across IC8, a 74HC174 and 1C9, a 16L8 PAL. The
control input register is1C12, a 74HCT573.

The operation of the circuit is different in the two modes, as described below.

Output mode

In output mode (PDIR = Q) the transceiver outputs (‘A' side) are permanently enabled (
POE* = 0). The output data latch is clocked on the rising edge of S510*. Thisisa
decoded version of S5* which is a peripheral select from I0C. The decoding is done by
IC83 an HC139. For more information see the circuit diagramsin Appendix A.

In this mode the strobe (STROBE), auto-line-feed (AUTOFDX), select (SELECTIN*)
and printer reset (PTRRST) outputs are driven. These are all generated from bitsin the
control outputs register. However, select is produced indirectly from printer directionin
IC9. All areinverted by 1C4 and RFI filtered by an RC network before driving the
printer cable.

The printer drives the acknowledge (ACK*), printer busy (BUSY), paper error (PE),
selected (SELECT) and error (ERROR) inputs. These are filtered and inverted by 1C16
and drive bitsin the control inputs register.

Theinterrupt PINT* is generated by 1C9 on the falling edge of ACK* and the interrupt
PBSY isgenerated when BUSY goes (and is) inactive. See the section |OC interrupt
allocations above for more details.

Input mode
Thismode istypically used to receive data from a document scanner.

In input mode (PDIR = 1) the transceiver outputs ("B’ side) are enabled when the
processor reads from the data register address (S510* is active). The signal S510* isa
decoded version of 55* which is a peripheral select from IOC. The decoding is done by
IC83 an HC139.

In this mode the input data latch is clocked by the rising edge of STROBEIN whichisa
filtered (R85, C198) and inverted (IC16) version of the input STROBE* produced by the
scanner.

Theinterrupt PINT* is generated by 1C9 on the falling edge of STROBE*. See the
section |OC interrupt allocations above for more details.

Thefalling edge of STROBE* setsthe PBSY latch in IC9. When the processor has
responded to the STROBE* interrupt and read the data from the data register, it should
assert acknowledge (ACK) and clear busy (CLRBSY) hitsin the control outputs register.
When clear busy is removed by the processor, the PBUSY latch is cleared.

Acorn Technical Publishing System Technical Reference Manual

46



The input/output system : The serial port

5:10 The serial port  The serial port is based on the Zilog 28530 Serial Communications Controller (SCC). The
SCCisadual channel, multi-protocol device. This design supports one asynchronous channel
(channel A) and provides limited support for an external modem.

Transmission and reception can be accomplished independently with between five and
eight bits per character and optional parity (even, odd or none):

The SCC incorporates one baud rate generator per channel. A third is provided by the I/0
controller IOC BAUD: This allow the SCC to be configured for arange of baud rates
including split rates.

The table below lists the common baud rates that are supported by the operating system.

50 baud
75 baud
110  baud
134.5 baud
150 baud
200 baud
300 baud
600 baud
1200 baud
1800 baud
2400 baud
4800 baud
9600 baud

19200  baud (not guaranteed)
Table 5.11 : Supported RS232 baud rates

The SCC serial transmit data, receive data, and control signals are buffered externally to
RS232 levels.

The table below isalist of RS232 signals supported.

Signal Pin Direction Description

DCD 1 Input Data Carrier Detect
RxD 2 Input Receive Data

TxD 3 Output Transmit Data

DTR 4 Output Data Terminal Ready
ov 5 Signal Return

DSR 6 Input Data Set Ready

RTS 7 Output Request To Send
CTS 8 Input Clear To Send

RI 9 Input Ring Indicate

Table 5.12: Supported RS232 signals

Acorn Technical Publishing System Technical Reference Manual



The input/output system : The serial port

Programming the SCC The serial line controller address map is shown below.

Cycle

TypeBank  Address Device Function

Med 3 0x32B0000 28530 Channel B Control *
Med 3 0x32B0004 78530 Channel B Data*
Med 3 0x32B0008 78530 Channel A Control
Med 3 0x32B000C Z8530 Channel A Data

* No hardware support

Table 5.13 : Serial line controller address map

The SCC contains thirteen writeable registers (WR1-WR13) in each channel. Accessto
the dataregistersis by adirect read or write from the register concerned. Accessto all
others (except write register 0 and read register 0) must be preceded by awrite to write
register O to set the register pointer field. Thus writing to a register requires two write
operations, and reading from a register requires one write and one read. Thisisaform of
indirect addressing. The register pointer field is automatically reset to zero after the
second access so that WRO0 or RRO is addressed again.

The data sheet listed in Appendix E provides information about the function and
operation of each register.

The serial line driver software initialises the SCC to a base mode of operation and then
configures specific functions such as the clock rate, character length, even or odd parity,
and the number of stop bits. When this has been completed the transmitter or receiver is
enabled and data supplied or removed under interrupt control.

Thefollowingisalist of the registers. For details of the bit positions within each
register, refer to the data sheet.

WRO CR_C initial_ise, initialisation commands for the various modes, and
register pointer

WR1 Transmit/receive interrupt and data transfer mode definition

WR2 Interrupt vector (accessible through either channel)

WR3 Receive parameters and control

WR4 Transmit/receive miscellaneous parameters and modes

WR5 Transmit parameters and control

WR6 Sync characters or SDLC address field

WR7 Sync character or SDLC flag

WRS8 Transmit buffer

WR9 Master interrupt control and reset (accessible through either
channel)

WR10 Miscellaneous transmitter/receiver control bits

WR11 Clock mode control
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WR12, WR13 Baud rate generator time constant

WR14 Miscellaneous control bits

WR15 External/status interrupt control

RRO Transmit/receive buffer status and external status

RR1 Special receive condition status

RR2 Modified interrupt vector (channel B only)
Unmodified interrupt vector (channel A only)

RR3 Interrupt pending bits (channel A only)

RR8 Receive buffer

RR10 Miscellaneous status

RR12, RR13 Baud rate generator time constant

RR15 External/status interrupt information

Three baud rate generators are available; one per channel internal to the 28530 and onein

IOC. The BAUD output of 10C is linked into the 28530 on the TRxC input pinsto provide

split rate operation.
Theinternal baud rate generator should be used whenever possible.

Should split rates be required, the IOC baud rate generator should be used.

If split rates with one above 9600 baud is required, the higher rate should be provided by
the internal baud rate generator and the lower rate provided by 10C.

Should split rates with both above 9600 be required (although thisis very rare), it is
possible to program the baud rate generator in channel B to be output on the TRXCB pin
and configure channel A to use this as a second source.

Control over the source of the baud rate for both transmit and receive is affected by
programming write register 11..

Control over the clock source for the internal baud rate generator is affected by

programming write register 14. This should be programed to select the PCLK input
which isdriven by an external 3.6864 MHz crystal oscillator.
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Data set ready (DSR) is not directly supported by the 28530, though it does provide an
auxiliary input pin (SYNC) that can generate an interrupt on either edge. This design
uses thisinput for DSR and the control bit in write register 11 has to be programmed
accordingly.

The 28530 vectored interrupt scheme is not supported by the hardware. However, the
interrupt vector modified by the status information register is accessible.

The SCC generates receive, transmit and external/status interrupts. In addition the sync
pin isused to generate an additional external/status interrupt when DSR changes. The
full list of external/status interrupt sourcesis. Zero Count, DCD, DSR, CTS,

Transmitter underrun/End of Message and Break/Abort. These can all be enabled/disabled
inwrite register 15. The serial line controller interrupt signal to 10C is SLCI.

To support an external modem aring indicate signal is provided which generates an
interrupt in |OC directly. See the section 10C interrupt allocations above.

The SCC clock (PCLK) is 3.6864 MHz. From this can be calculated the baud rate
generator time constant for a given baud rate according to the formulae in the table
below.

Time Constant = [ Clock Frequency ]
{ b2
| 2 xBaud Rate x Clock Mode
= [ 3.6864x 10E6 ]
{ b2
| 2xBaudRatex 16 J
Baud Rate Time Constant
Dec. Hex.
75 1534 O5FE
150 766 02EF
300 382 017E
600 190 00BE
1200 o4 005E
2400 46 002E
4800 22 0016
9600 10 000A
19200 4 0004
38400 1 0001

Table 5.14 : Baud rate time constants
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The 28530 serial communications controller SCC is1C18. Only afew external
components are required to implement a design based on this part.

The SCC is clocked (PCLK) by acrystal oscillator running at a multiple of the standard
baud rates (3.6864 MHZz). This oscillator is constructed around 1C139 and crystal X3.

The pull-up resistor R41 is required to inhibit the SCC vectored interrupt acknowledge
cycle mechanism.

The two gatesin IC3 driving the SCC RD* and WR* inputs are required to implement the
SCC reset scheme. Under normal operating conditions either RD* or WR* is active.
When both RD* and WR* are active the SCC interprets this as areset.

The SCC serial transmit data, receive data, and control signals are buffered to RS232
levelsby IC1 aMAXIM 239. This device produces-12 V from the +12 V DC rail and
the transmitter outputs are capable of producing output swings of + 9 V: The receiver
sections of thisdevice convertthe+ 5V to + 15V RS232 signalsto 5V TTL/CMOS
levels. Both the transmitters and receivers are inverting. The receiver outputs will be
inactive (high) if the equipment to which they are connected is switched off or the
signal becomes disconnected. This is otherwise known as off-line detection .

Thering indicate input is fed direct from areceiver to 10C.

The output connector is a9 way D-type connector (J1), mounted on the rear back panel.
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5.11 The floppy
disc controller

Programming the
floppy disc controller

Floppy disc control
latch

The input/output system : The floppy disc controller

The interface provides all logic and control circuitry required to format, read and write
double density and quad density formats, using MFM modulation. The formatted disc
capacities are approximately 800 kbytes and 1600 kbytes.

The interface supports two drives, though only one will normally be fitted. The
specification for thisdriveisin Chapter 14, Floppy disc drive.

Write precompensation is not provided as it is not required by the high quality, high
density 3.5 inch disc drive installed in this system.

The floppy disc drive interface circuit is based around the WD1793 or compatible
controller. The data sheet for thisdeviceis listed in Appendix E.

The address of the floppy disc controller is defined in Table 5.2.

The controller supports ten basic commands (these are described in detail in the data
sheet for the WD1793):

» restore (seek track 0)
o seek

e step-in

» step-out

» read sector

e write sector

» read address

e read track

e writetrack

» forceinterrupt.

In addition to the floppy disc controller, an output latch is used to control drive
selection. The floppy disc control latch bits are defined and described below. The base
addresses are defined in Table 5.2.

BD7 BD6 BD5 BD4 BD3 BD2 BD1 BDO

NOT
FDRSTY INUSE* |ON*/OFF | SIDE* | SIZE* USED SEL1* SELO*

Table 5.15 : Floppy disc control latch

BIT [0:1] SEL[0:1]*

These bits select the floppy disc unit 0 and 1 when written low: Only one bit should be
active (low) at any onetime. The internal drive isdrive 0. The select lines are used to
enable or disable all disc functions except motor-on .

BIT [2] NOT USED
Not used.

BIT [3] SIZE*
This bit selects the media density. 0 = 2 Mbyte, 1 = 1 Mbyte
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Basic operation

Circuit description

The input/output system : The floppy disc controller

BIT [4] SIDE*
Side select. This controls the side/head select line of the floppy disc interface.
0=Side 1 (upper), 1 = Side 0 (lower).

BIT [5] ON*/OFF
This bit controls the floppy disc motor line. When low the spindle motor will start to
run.

BIT [6] INUSE*

In use: This bit controls the INUSE line of the floppy disc. When thislineislow and the
drive is selected, the IN-USE lamp will turn on. When thisline is high or the driveis
not selected, the lamp will turn off.

BIT [7] FDCRST*
Floppy disc controller reset. This bit controlsthe MR* (master reset) pin on the
1793/9793 controller.

Note: Thishit is not active during the power-up sequence so must set by the FDC driver
before the controller can be used. The minimum reset period for this deviceis 50 us.

Basic command execution is initiated by the processor. The spindle motor is started and
allowed to come up to speed. The drive and head required is then selected in the control
register and a command issued to the controller. If the command requires the transfer of
data to or from the controller, as is the case for commands like Read Sector, then this

is carried out under Fast Interrupt - FIQ control. The FIQ request mode of operation
replaces the DMA mode more commonly used for servicing this type of transfer. When
the command has been completed by the controller an IRQ interrupt is generated. See
|OC interrupt allocations above for more details.

The floppy disc controller isC119.
Very few external components are required to implement a design based on this part.

There are many sources for 1793 compatible controllers. The principal difference between

them istheir power requirements. As aguide, 9793 types are normally 5V only and pin 40

is not connected, while 1793 typesrequire 12 V on pin 40. Thisisalink option in this
design.

Caution: Applying 12 V to 9793 types may cause damage.

The control register is 1C130. The functions of the bitsin this register are described
above.

The clock for the FDC is either 1 MHz or 2 MHz corresponding to operation at data
rates of 250 kHz or 500 kHz. Thisis achieved by setting the size bit in the control
register: The 10C CLK2 isdivided by 2 by one half of 1C140. IC110 controlsthe
selection of the clock for the FDC:

The read strobe produced by 1OC istoo narrow to be used as the read strobe for the
FDC. Half of 1C140 is used to generate the correct width strobe from |OR*/W.

The WD92C32 data separator 1C148, is a digital device that converts the READ DATA
stream from the drive into a separate clock - SEPCLK , and data - SEPDATA streams.
The WD92C32 operates from a 16 MHz clock produced by a divider circuit, shown in
Appendix A.
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The input/output system : The floppy disc controller

The WD92C32 data separator operates on an internal clock that is nominally 32 timesthe
SEPCLK frequency. Theinternal clock is generated from the reference clock by an
internal programmable divider. The divisor in this design is either 1 or 2 according to the
size bit in the control latch . If the size bit is a one, corresponding to 1 Mbyte media, then
the divisor is 2 and SEPCLK is 250 kHz. Otherwise the size bit is a zero, corresponding to
2 Mbyte media, then the divisor is 1 and SEPCLK is 500 kHz.

The floppy disc interface signals are buffered by the open collector driver IC131. Pull-
ups are provided by RN9.

The following is adescription of local signals and their function. Where asignal is
derived directly from the control latch thisinformation is not repeated.

Name

BBD[0:7]

LA[2:3]

S1*

FFDQ

FFIQ

DIRIN*

STEP*

WRITE DATA*

WRITE GATE*

INDEX*

TRACK 00*

WRITE PROT*

Description

Peripheral buffered data bus.

Latched address bus. These are used to select FDC internal registers.
Peripheral select. Thisisthe |OC bank | select strobe.

Floppy fast data interrupt request. This is generated by the FDC
when it is ready to transfer another byte during ssmulated DMA
datatransfers.

Floppy interrupt request. Thisisraised by the FDC to indicate that
acommand has been completed.

Step direction. When the drive is selected, thisindicates the
direction that the heads will step when a STEP pulse is generated.

When the drive is selected pulse on this signal will cause the heads
to step in the direction indicated on the DIRIN* signal.

If the driveis selected and the write gate signal is enabled, data on
this signal will be written onto the disc.

If the driveis selected, this signal enables the disc drive write
current circuit and data on the WR1TE DATA* signal iswritten on
tothedisc.

If the drive is selected, a pulse (low) is generated on this signal for
each revolution. A drive that does not support the ready signal can
be supported by timing the interval between these pulses as a test
of the motor speed.

Thissignal is asserted when the heads are over track zero.

Write protect. Thisinput is asserted by the drive if awrite protected
disc isinserted into the drive. Thissignal is also asserted if no disc
isinserted, but a better test for this condition is the disc changed
signal.
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5.12 The clock/RAM

Programming the real
time clock

Circuit description

The input/output system : The clock/RAM

READY* Thissignal is asserted by the drive when the following conditions
are met;

« the drive is selected

e adiscisinserted

* the motor-on signal is asserted
« the spindle motor is running.

READ DATA* Thisisthe encoded serial data stream for the drive heads.

A real time clock (RTC), and 240 bytes of CMOS RAM are provided. The RTC can be
operated in either 12 or 24 hour modes and has a built-in four year calendar. The RTC
also provides an alarm facility capable of generating an interrupt.

Datais maintained in the CMOS RAM while the mains power to the machineis
switched off by dry cells. They may be replaced while the machine is switched on
without loss of data.

The RTC can detect if both the mains and battery power have failed, and aflag is set. The
counters and registers within the RTC are programmed and arranged as shown in the data
sheet for the Mullard PCF 8583 RTC chip used in this design. (Thisislisted in Appendix
E)

The address and data used by the RTC and RAM are transferred serially viaatwo line

bidirectional bus (12C compatible). The protocol for this serial communications channel
is described in the data sheet.

The RTC (I1C54) is powered from one of two sources; either atwo cell dry battery or,
when the computer is switched on, the 5V DC rail. Diode D7 protects the battery against
being charged from the 5V rail. Diode D8 prevents the battery from being discharged
through the power supply when the power supply is off. The battery voltage may be
monitored on test point TP3.

The RTC hasaninternal oscillator, requiring a crystal (X2) and trimming capacitor (
C58). The oscillator frequency can be measured on test point TP4, using alow
capacitance x10 probe.

The 12C serial clock is controlled by 10C control bit C1.
The I2C serial datais 1OC control bit CO.
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Chapter 6 SCSI

6.1

Introduction

This chapter describes the SCSL1 interface used in the Acorn Technical Publishing System.
Thisinterface has a large cache buffer memory which is used by the host computer to store
and retrieve data to be passed to the peripheral devices. Access to this buffer is shared with
an LS| SCSI controller. The controller used in the Acorn Technical Publishing System
design isthe Western Digital WD33C93A SB1C.

Most of the logic within the interface is contained in anumber of programmable array
logic devices (PALs) and thislogic is NOT described in detail.

At the end of this chapter are three sections detailing the following:

¢ the memory map of the SCSI interface
< anaphabetical list of al the control signals within the interface and between the
interface and ARM, together with abrief summary of their function

e asummary of stateswithin each of the major state machines.

Additional documentswill be required. These are listed in Appendices E and H, but
principally the data on the SCSI controller chip (Western Digital WD33C93A - SBIC)
and the ANS| SCSI1 standard will be required, together with data on the specific
peripherals to be interfaced.
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SCSI : Circuit elements

6.2 SCSI circuit All of the SCS1 electronics are contained in the schematic diagramsin Appendix A. To
elements ease understanding it may be split into the following functional blocks:

6:3 Summary of
access modes

High speed, 32 bit bi-directional latched interface. This comprises1C37, 1C45, 1C56
and 1C65, and RN11-14.

256 kbyte (64 k ARM word) data buffer/cache. Implemented with 64 k x 4 dynamic
RAM. May be accessed by either ARM or the SB1C in its data transfer phase.

32 bit to 8 bit bi-directional interface. Thisisthe datafunnel that provides the
correct organisation for ARM data to/from the SBIC.

Western Digital SCS1 interface chip WD33C93A (SB1C) together with SCSI bus
connectors, pullups and filters. Thisis the port to the SCSI bus. All SCS1 signals
apart from RST* are generated by this device. RST* comes from the control port.

Control port. Provides software control functions of reset.

Address generation and multiplexing. When the SB1C is accessing the DRAM
buffer it cannot generate the data addresses directly, so a 16 bit prel oadable counter
is provided. This must be set under software control before the transfer may start.
When ARM accesses the buffer the data address is taken from the latched address
bus. There are two multiplexers which are used to select between latched address
bus and the preloadabl e counter. These multiplexers also select row and column
addresses as required by the DRAM buffer.

Control logic and refresh generation. A number of programmable devices are used to
contain the complex logic needed to control accesses and arbitrate between ARM
and SB1C.

The following different types of access are supported. Each access type is summarised
here, but a more detailed description follows in section 6.12, Detailed description of

circuit operation.

ARM <==>DRAM buffer

ARM may read and write datain ARM words or in bytesto and from the buffer. If
when ARM starts an access, the buffer is currently owned by the SB1C, then a
sequence of logical eventsisinitiated to force the SB1C to relinquish control of the
buffer.

ARM <==>SBIC

It is necessary for the ARM to access the SB1C in order to issue commands and
monitor status. There are limitations as to when the SBIC status may be monitored.
These are:

* Read SB1C status

» Read SCS1 bus status

« Program SBIC control registers

* Initiate SCSI bus transactions
Additionally, it is possible to read and write data in polled mode directly to and
from the SB1C.

SBIC <==> DRAM buffer

When the SB1C enters a data transfer phase and wishes to send/receive data to/from
the peripheral device(s) it normally does so in direct buffer access mode, in which it
takes control of the DRAM buffer and generates the appropriate read or write
strobes.
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SCSI : Summary of access modes

SBIC => Control Port

The SB1C may write control and reset values to the control port. This will pre-

empt any current DBA operation, but normally will not happen during a DBA
transfer.

SBIC => Address L atch/Counter

The SBIC may write the start address within the DRAM buffer of the next DBA data
transfer.

Block diagram A block diagram is shown below:

ARM Status and Control

| s
Multipleaer
AR latched Address Bus
e
Rultiplexed
RAM Aldresses

.......... - -
i ;
........... SR !
H 1
ref--eeee- !
' H
32 bit Buffer H 32/8 runnel !
:w.m ' H
H +
B A # bit bus :
T il datarfase i

—

ARN 32 bit bus | SCSI Internal 32 bit bus ] @@
- 256 kbvte DRAM duffer
-
Rouw—

A6S0 3CSI Interface

Figure 6.1 : SCSI block diagram

The 256 kbyte buffer may be accessed by either ARM or by the SBIC wheniit isin the
direct buffer access mode (DBA). It is organised as 64 k words where each word is 32
bits. Data to and from the SBIC is only eight bits, and this transformation is performed
by the four buffers, collectively known as the funnel. These four buffers actually
implement a four to one bi-directional multiplexer/demultiplexer.

When the SB1C is performing a DBA access, the address of the RAM accessed is found
from the 16 bit address counter/latch. The action of thisis described in more detail |ater
in this chapter.

The control of the multiplexer is automatic and transparent to the programmer. When
ARM begins an access cycle to the DRAM, the current state of the SBIC may or may
not allow an immediate access. If the SBIC is accessing the buffer, then its action will
be suspended and ARM will be granted access.
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6.4 Accessing the

6:5

SBIC

Interrupts

SCSI : Accessing the SBIC

When ARM access to the buffer is allowed, the multiplexer will change to allow the
ARM latched address bus to select the required ward in the buffer. When DBA cycles
are started the multiplexer selects the address latch/counter as the source of the SCS1
DRAM buffer addresses.

Theinitial value in the address latch/counter is set as the lower 16 bits of an ARM access
to a specified location. Each time the address latch/counter iswritten it also resets the 2
bit counter in the funnel which performs the byte to ARM word translation. This means
that any DBA accesses must start on an ARM word boundary. (Note: this may be
changed in future hardware.)

The address latch/counter is 16 bits for the available 64 k words of the buffer. To arrange
that accesses from ARM correspond to this, the latched address lines which are used by
the address selector are LA2 to LA17. Byte accesses are further decoded by LAO and
LAL

The SB1C is addressed at two different address values (actually it appearsin the
memory map as a block of address pairs, but it is strongly advised that the lowest two
addresses are the only pair used). The INDIRECT addressing mode is used.

The organisation is as follows:

LA2 | Register Accessed by WRITE Register Accessed by READ
0 Register File Address Auxiliary Status
1 Selected Register File Selected Register File

Most of the registersin the SB1C are organised as aregister file. The particular register in
theregister fileis selected by setting the register file address register. Thisis done by
writing the offset (0 - 0x18) of the required element of the register file into the register
file address register. The address of the register file address register is at the appropriate
memory block to select the SB1C with LA2 = 0.

If the same location isread it will return the auxiliary status register.

There is al'so amethod of auto-increment addressing. For further details see the
WD33C93 A data sheet, listed in Appendix E.

The Acorn Technical Publishing System SCSI interface generates one interrupt. Thisis
derived directly from the INT pin of the SB1C, inverted, and passed to the 1L3* pin of
IOC. This means that the SB1C interrupt is level sensitive, inverted, and of IRQ type. The
interrupt must be cleared by reading the SBIC status register (17 in the register file)
before any more commands may be issued. The interrupt status is also indicated in bit 7
of the auxiliary status register. If this bit is set and a command is issued, the last
command ignored flag is set.

Acorn Technical Publishing System Technical Reference Manual

60



6:6 Reset control
port

SCSI : Reset control port

The SCSI reset control port is used to reset either the SBIC, the SCSI bus, or both. There
isafacility to program the control port such that the SBIC may be automatically reset by
a SCSI bus reset, or independently as required. The port is organised asa 7 bit latch
which is addressable as detailed in Figure 6.3, the memory map.

X o] 0 0 E S| B C

| SBIC Reset Control

SCSI Bus Reset

Mode Selection

External / NOT Isolated

Figure 6.2 : SCSI control port bits

Mode selection ('S’ bit)
If this bit is set to O then the SBIC reset ('C' bit) and SCSI bus ('B' bit) reset inputs
may be used to reset the SBIC or SCSI bus respectively.

If thisbit is set to 1 the 'B' and 'C' bits are ignored. The external reset mode signal may
be selected.

External/NOT isolated ('E' bit)

If this bit is written as 1 when the 'S bit is written as a 1, then if the SCSI bus reset

line (RST*) becomes active the SBIC chip will be reset at the same time. If thisbit is
written as a 0 when the 'S bit is written as a 1, a reset on the SCSI bus will not reset

the SBIC chip.

SBIC reset control ('C' bit)

If the'S bitis 0, then a 1 to this bit will generate an active reset signal to the SBIC. It is
latched, and so must be written as 1 then O to provide the appropriate reset pulse. It
should be noted that the SCSI specification has a minimum requirement for the width of
the reset pulse.

SCSl busreset ('B' bit)
If the'S bit is O, then a1 to thisbit will generate an active reset signal to the SBIC. It
islatched, and so must be written as 1 then 0 to provide the appropriate reset pulse.

Examples of use of the control port

To reset SBIC but not reset SCSI bus:

Write: 00000001 to control port
Write: 00000000 to control port

Toreset SCSI and not SBIC:

Write: 00000010 to control port
Write: 00000000 to control port

Acorn Technical Publishing System Technical Reference Manual 61



6:7 The address
latch/counter

6:8 Data alignment

6:9 Arbitration and
preferred
transfer
mechanisms

SCSI : The address latch/counter
To reset both SCSI and SBIC simultaneously:

Write: 00000011 to control port
Write: 00000000 to control port

To enable SRESIN to reset SBIC:
Write: 00001100 to control port
To disable SRESIN from resetting SBIC:
Write: 00000100 to control port

Note: Whilst the 'E' hit is active neither SRESIN or the 'C' bit being active will generate
areset for the SBIC. Also, when the 'E' bit is active the 'B' bit will not reset the SCSI
bus. The'E' bit isNOT latched, and so is active only for the duration of the control
signal.

The SCSI specification requires areset width of 25 ps.

Thisisa 16 bit synchronous presettable counter. Its purpose is to generate the address to (
from) which data is written (read) in DBA mode. This only appliesto the data transfer
phase. The value written to this register corresponds to the ARM word offset from the
base of the SCSI RAM buffer at which the transfer should start. A point to note isthat it
isthe WORD offset and so the byte offset must be divided by 4 when this register is
loaded.

As previously noted, accessing this register resets the data funnel to point to the first
byte of the word.

The address latch/counter is incremented after every four bytes have been transferred
under DBA. It is practically impossible for atransfer to involve a non-word multiple of
bytes, but if it is required to make non-word transfers in the data transfer phase, use must
be made of the single byte transfer mode of the SBIC. Refer to the SBIC manual for
more details.

ARM datais aligned such that for a given ARM word the data byte corresponding to data
lines DO to D7 will be addressed at the lowest numeric byte address for that word. This
convention is observed in transfersin and out of the funnel. The implication behind thisis
that as words are converted to bytes by the funnel and transferred to the SBIC thisisin
sequentially ascending address order.

This must also be the alignment observed when loading or unloading the SCSI buffer by
ARM.

The state of the buffer memory fallsinto one of three categories:

* Idle- SBIC isnot transferring data and no refresh is occurring.

» Refresh of dynamic RAM isoccurring. Thislasts for one clock tick (S cycle) and
any ARM access will be delayed by this amount.

e SBIC istransferring data by DBA and thus access to the buffer is delayed until the
SBIC has been throttled off.
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6.10 Device IDs

6.11 Supporting
documentation

SCSI : Device IDs

If the SCSI interfaceisin the first category, then an ARM accesswill occur in IN + 1S
cycle. If the SCSI interface isin the second category then an additional 1S cycle will be
inserted. If the SCSI interface isin the third category then a number of additional S

cycleswill be inserted until the logic of the SBIC has released the buffer accessto ARM.

The exact number of S cyclesvaries, but istypically 5 to 6. It should be noted that
adjacent accesses by ARM will override any attempt to move to the second or third
categories:

As aconsequence it is advised that data transfers to/ffrom ARM to SCSI buffer are

performed with LDM and STM instructions, as thiswill continuously assert the selection

signal and mean that only one SBIC arbitration will occur for a given number of words
of data

The following represents the preferred allocation of 1D's to devices. All internal hard
discs will have an ID of 0, and all SCSI host interfaces will be programmed to have an
IDof 7.

ID Type of device
0 Acorn Technical Publishing System Internal Hard Disc Drive
1 External Hard Disc Drive #1
2 External Hard Disc Drive #2
3 External Hard Disc Drive #3
4 External Hard Disc Drive #4 / Streamer #2
5 Streamer #1
6 Processor / Printer Device
7 Host (Acorn Technical Publishing System )

Table 6.1 : Device IDs

1. Western Digital WD33C93 SBIC Data Sheet
2. Western Digital SBIC Applications Notes
3. ANSI Small Computer System Interface X3:131 - 1986.
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6:12 Detailed
description of
circuit
operation

Main state machine (
IC 20)

SCSI : Detailed description of circuit operation

Theinterfaceis controlled by a synchronous state machine called the main state machine.
It isimplemented as a PAL (20R6) clocked by the positive going edge of the ARM REF8M
clock. It isthe principle mechanism for arbitration.

It has seven states:

* |de
e Access

¢ SBIC strobe
* DBA active

e Throttle

» DBA refresh pending
« DBA refresh occurring.

Itsinputs are:

|ORQ*
BPHI2
LR*/W
SCBSEL*
SCCSEL*

LA9,10
DBAGT
DBARQ
RST*
REFREQ
REFSM

Its outputs are:

DRQ

ABRL

FSM 2-0

DOREF*

IOGT

ARM /O request

Buffered PHI2 clock from the master MEMC
ARM latched write strobe (active high for write)
Early decode of buffer select by ARM

Early decode of control select by ARM (ie SBIC, control port,
address latch)

Latched addresses (not used in this PAL)
DBA modeisin progressif TRUE

DBA mode is being requested if TRUE
System reset signal

Refresh request

8 MHz system timing clock

DBA datarequest signal to SBIC. When TRUE the main state
machine indicates that the SBIC may perform a DBA transfer.

ARM buffer read latch. This strobe signal is used to latch data
from ARM into the ARM interface latches.

Finite state machine outputs.

Refresh control strobe. When TRUE indicates that a refresh may
occur. Active low.

ARM /O grant signal. Active high from the PAL becauseit is
inverted by the open collector buffer (part of 1C97). See the
MEMC data sheet for description of timings.
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SCSI : Detailed description of circuit operation

Here is a description of each state.

Idle state

Thisisthe condition after system reset, when no access by ARM is current, and no DBA
transfer isin progress. A DRAM refresh will not induce a change of state. The need for a
refreshisindicated by the REFREQ input becoming active. A refresh will be allowed unless
an access is about to start, which isindicated by SCBSEL or SCCSEL being active.

The main state machine will leave itsidle state under the following conditions:

e A valid accessby ARM to the DRAM buffer
» A valid accessby ARM to the control port, SBIC or address latch
« A DBA request from the SBIC. (Assertion of DBARQ).

For the first two conditions, the definition of valid isthat IOGT should NOT be active (ie
acycle has not already started) and that IORQ should be active. It is not sufficient to
simply use SCBSEL or SCCSEL as these may be active during a MEMC controlled
DMA cyclefor VIDC. For afurther understanding of this, consult the ARM chip set
documentation (Bibliography, references 1, 2, 3 and 4).

In the case of the first two conditions above the main state machine will move to the
access state. If DBARQ is active, then the main state machine will move to the DBA
active state, and indicate this to the SBIC by asserting DRQ.

Access state

This state is entered for either aDRAM buffer access or a control access. DRAM buffer
accesses are only one REF8M clock cyclelong, so if SCCSEL is NOT active, then the
state following the access state will beidleif DBARQ is not true or the DBA active state
if itis. If SCCSEL is active, then the next state will be the SBIC strobe state.

SBIC strobe state

This state is used to ensure that when reading or writing to the SBIC pulse widths are
within specification for the SBIC. It should be noted that the binary values used in the
state machine to represent the access state and the SBIC strobe state are separated by a
unit distance (grey) code, in order to avoid glitches on strobe signals which are common to
the two states.

SBIC strobe always returns to the idle state. Thisisto allow 125 ns between a SBIC
access and the possible resumption of DBA. This ensures that precharge times are
satisfied on the DRAMSs.

DBA active state
Thisisthe state during which DBA transfers are allowed. It is maintained until one of
two sets of conditions arise.

Firstly, if an SCBSEL, SCCSEL or REFREQ signal become active it is hecessary for the
DBA transfer to be temporarily suspended. Thisis known as throttling the DBA. The main
state machine will then move to the throttle state:

The second exit condition occurs when DBARQ becomes inactive: Thisindicates that the
DBA transfer isterminated because the SCSI bus state has moved from the data transfer
phase. There are a number of reasons for thisand it is discussed in more detail in the
description of DBA. For the main state machine it will terminate the DBA active state and
move the state machine to the idle state.
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The select PAL and
the MSM decode PAL
(IC25 and IC22)

SCSI : Detailed description of circuit operation

Throttle state
This state is entered from the DBA active state. It is maintained until DBAGT goes
inactive, which shows that the SBIC has relinquished control of the DRAM buffer.

The state assumed after the throttle state is dependent upon REFREQ. If REFREQ is
active, the next state will be the DBA refresh pending state. Otherwise it will be the
access state, to allow a SBIC, buffer or similar access to occur.

DBA refresh pending state

This state is included to ensure that there is a 125 ns clock cycle between the preceding
DBA state and the refresh state. It is decoded as part of the logic for the DOREF*
signal. The next state is always DBA refresh.

DBA refresh state

Thisisthe state during which refresh occurs if the REFREQ occurred in the DBA mode.
After this state the state machine returnsto the idle state. As DBARQ is probably
pending, thiswill cause the restarting of the DBA mode. See the idle state for more
details.

These are two combinatorial PALs fed with the finite state machine outputs from the
main state machine PAL. Using the current values of the main state machine and other
associated control signals they generate a number of miscellaneous strobes and signals.

Select PAL signals (1C25)

CSSBIC* - active low SBIC chip select
Thisisacombinatorial decode of the SCCSEL* signal and the appropriate values of LA9
and LA10. It isused to select the SBIC for control and status accesses.

ACSTB* - address counter strobe (pin 19)

A write to the address counter will make this signal active. It is conditioned by the

main state machine being in the SBIC strobe state. This signal is used to generate a clock
signal for the address latches.

CSCON?* - control port chip select

Thisis decoded from the LA9, LA10, SCCSEL and LR*/W signals. It is aso conditioned
by the main state machine being in the access state. This means that data will be latched
into the control port PAL on the rising edge of this signal (half way through the access
cycle) and thus the data will be valid at this point in the cycle.

ACLD* - address counter load signal

When ACLD* isactive, clocking the address counters will cause them to take the data at
their inputs and transfer it to the output registers as opposed to counting. This allows the
transfer addressto be set. The ACLD* signal is active throughout the SBIC strobe and the
access state. It is also conditioned by SCCSEL*, LR*/W, LA9 and LA10.

ABEN* - ARM buffer enable (active low)

Thissignal is used to control the enable of the ARM interface buffer. It is driven from
either SCCSEL* or SCBSEL* being active: DBAGT must be inactive. For readsit isalso
conditioned by IORQ being active.
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ABWL* - ARM buffer writelatch

This signal is used to select either latched data or direct data from the ARM interface
buffers. These are 74ACT646 type devices, and ABWL* drives both the mode select
signal and also the clock signal. It is an asynchronously timed signal and is driven off
the transitions of IORQ, PHI2, SCBSEL and SCCSEL.

Thefirst negative going transition of IORQ after the beginning of the cycle makes
ABWL* latch the data. The beginning of the cycle is determined from the state of PHI2,
which goes active at the end of the preceding cycle. ABWL is cleared by PHI2 going
inactive.

MSM decode PAL signals (1C22)

ARMCYC* - buffer access strobe (active low)
This strobe is generated in the access state when SCBSEL is active. It isused to indicate
to the DRAM control PAL (1C17) that an access to the DRAM should now take place.

SDIR - funnel direction control

When SDIR = 1 datais being read from the DRAM buffer to the SBIC. When

SDIR =0, datais being written into the DRAM buffer by the SBIC. When intheidle
state, the access state or the SBIC strobe state, SDIR is controlled by LR*/W. In any other
stateit is controlled by WESBIC* which isthe SBIC write data strobe. WESBIC* is
active when the SBIC is writing to the DRAM buffer and so then SDIR will be low.

RAMWE* - RAM write enable
When in the access state, RAMWE* isthe inverse of LR*/W. Otherwise RAMWE?* is
controlled by WESBIC*.

CONCYC* - control strobe (active low)
Thisistrue when SCCSEL is active and the main state machineisin the access or SBIC
strobe states. It has two purposes:

* Inthefunnel PAL itisused to condition ACLD to generate the address latch clock
ACCK.

* Inthe DBA state machine (IC15) it is used to condition the WESBIC* and RESBIC*
strobes.

This PAL has a number of functions:

e Itisatwo bit counter used to select which byte is read/written by the SBIC in DBA
mode.

» It generates aclock for the address countersin DBA mode. It aso clocks the address
counters when they are written by ARM to load the transfer address.

« It controls the four buffers used to implement the funnel. Only one buffer may be
enabled at atime:

Thetwo bit counter

This has to be an asynchronous counter. Thisis because the width of the data strobes
generated in DBA mode is variable and not necessarily synchronised to any particular
clock. Assuch it isactually an eight state asynchronous state machine. The counter is
incremented on every high to low transition of DLY 50 and is cleared every time ACLD is
active when in the DBA mode.
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When not in the DBA mode (ie DBAGT isinactive) the current count state is held,
unless the address counter is accessed.

The DLY50 signal is used to increment the counter because its last transition represents
the end of the cycle, and as such means that the funnel will clock on to the next byte at
the very end of each transfer.

Two of the three state bits are used to indicate to the DRAM PAL (IC17) which byteis
currently the selected byte for a DBA transfer. These are signals CO1 and CO2 on the
schematic.

Generation of the ACCK signal
In DBA mode as the funnel counter state machine passes through its last (8th) state it
generates the ACCK signal. This clocks the address counter.

When not in the DBA mode, the ACCK signal is generated when CONCY C, ACLD and
ACSTB are dl active. This corresponds to an access to the address counter by ARM.

Output buffer control for the funnel

There are four control signals to select the appropriate ACT245. They are known as
SE*(0:3). The count signals CO2 and CO1 are decoded to select which byteis being
transferred. The truth table for the logic is as follows (in DBA mode):

co2 co1 SE*0 SE*1 SE*2 SE*3

0 0 1 0 0 0

0 1 0 1 0 0

1 1 0 0 1 0

1 0 0 0 0 1
(1=ACTIVE)

Table 6.2 : Output buffer control for the funnel - truth table

Additionally, all the select signals are conditioned by DBACY C being active.

It should also be noted then when not in DBA mode (DBAGT inactive) then if CSSBIC*
is active SE*0 is made active.

Thisisacombinatorial PAL (20L8) which isfed with a number of signalswhich are
used to generate the RAS* and CAS* signalsfor the DRAM.

Accessesin non-DBA mode

In the non-DBA mode, transfers are byte or word-wide. A transfer occurs when the
ARMCY C* signal becomes active. Thisisa 125 ns pulse generated by the main state
machine going into the access state. Thissignal is used to generate the RASO* and
RASI1* signals. It is also passed directly to the RAMCY C output and the delay line 1C21
then delays this by steps of 10 ns. Two of these steps - the 40 ns tap and the 50 nstap -
are fed back to IC17 as DLY 40 and DL Y 50 respectively. When ARM is writing into the
buffer, the DLY 50 tap is used to generate the CASxx* signals, otherwise for ARM reads
the DLY40 tap is used.
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Both RAS signals (RASO* and RAS1*) are identical and all four CAS signals (CASOL*,
CASOH*, CASIL* and CAS1H*) are identical when accessesin non-DBA mode are
taking place.

To allow ARM to write the selected byte within the buffer, the PAL 1C23 decodes the
selected byte. This PAL has the following inputs and outputs:

Inputs

LAO and LA1 from IC57 (the address latch)
LB*/W - latched Not Byte/Word

DBAGT- DBA GranT

LR*/W - latched Not Read/Write
RAMWE* - RAM Write Enable Strobe

Outputs
WE(0..3)* - Four byte write enables
RAMOE* - RAM output enable

In DBA mode or non-DBA mode with LB*/W high (ie, aword access) RAMOE* is
always active and each WE(0..3)* signal is driven by RAMWE*:

Otherwise (ie, abyte accessis initiated by ARM) if LR*/W is high indicating that there
will be awrite cycle RAMOE* is driven inactive and one of WE(0..3)* is selected by LAO
and LAL1. RAMOE* hasto be driven inactive because with the appropriate RAS and CAS
active but WE(n)* inactive, the unselected DRAMs will execute read cycles and contend
with the bus.

If LR*/W islow (ie, aread) RAMOE* isactive and all of WE(0..3)* areinactivein non-
DBA mode.

The row/column address selection is always driven from a 20 nstap on IC21. Thisis
passed to the two address multiplexers, 1C66 and 1C58.

Accessesin DBA mode

When the DBAGT signal isactiveit isthe DBACY C signal which is used to time reads
and writes by the SBIC from/to the DRAM buffer. The DBACY C signal is derived from
the WESBIC* and RESBIC* signals. These are combined with the ACT0O0 NAND gate
ICT:

RESBIC* WESBIC* DBACYC

0 0 1 should never occur
0 1 1 aSBIC read of data
1 0 1 a SBIC write of data
1 1 0 SBIC inactive

Note: '0"and '1' refer to TTL Logic low and TTL logic high respectively. RESBIC* and
WESBIC* are ACTIVE when at logic low.

The counter inputs CO1 and CO2 are used to select the appropriate RAS/CAS pair to
read/write the appropriate byte of data. The truth table for this selection is as follows:
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CO2 CO1 RASO RASI| CASOL| CASOH| CAS1Y CASIH
0 0 |DBACYC 0 DLY50 0 0 0
0 1 DBACYC 0 0 DLY50 0 0
1 1 0 | DBACYQ 0 0| DLYS0 0
1 0 0 | DBACYQ 0 0 0 DLY50

Table 6.3 : Accessesin DBA mode - truth table

The RAS-CASdelay is constant at 50 nsfor DBA reads and writes.

Refresh in non-DBA mode

In both modes refreshes are by the automatic (CAS before RAS) refresh method. In the
non-DBA mode the refresh cycle is generated by either REFQO or REFQL1 being active
but the actual strobe of dataisthe DOREF* signal from the main state machine.

Both banks of DRAM are refreshed simultaneously. To comply with the CHR parameter
of the dynamic RAM it is necessary to stretch the CAS pulse by making it the
combination of both the DOREF* signal and the DLY 40 signal. Once again, all four CAS
signals are the same and both RAS signals are the same.

The REFCY C signal is generated from the same combination of DOREF* and DLY 40 as
isused for the CASs. Thissignal is passed to the refresh control state machine IC27 to
indicate that the refresh has occurred.

Refreshesin DBA mode
Whilst in DBA mode, the dynamic RAM is owned by the SBIC. Two methods to
control refresh are provided:

 Transparent refresh which occurs during SCSI bus data transfers.

* Non-DBA mode word refresh which occursif the SBIC isin DBA mode but no data
transfers are occurring.

This approach provides very high performance in DBA mode as refresh requests do not
interfere with SCSI bus transfers.

The DRAM buffer is implemented as eight 64 k x 4 dynamic RAM devices. The early
write mode of operation is employed, which means that the DRAM output enable pins (
pin 1) may be permanently tied low. The organisation of the DRAM is as 64 k 32 it
words.

The RAS, CAS and WE* signals are all fed via series terminator resistors to avoid
overshoot. The values of these series terminators vary to allow for the different loading
of each line,
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Therefresh clock is produced with a standard 16R8 type PAL. Thisis programmed as a seven
bit synchronous counter which gives a squarewave of 16 ps period when fed with an 8 MHz
clock. The 8 MHz clock used is REF8M.

The refresh control is more complex. This has to be an asynchronous state machine asthereis
no coherent clock to generate the timing for this PAL:

The refresh state machine has two possible modes of operation; transparent mode and non-DBA
mode.

When DBAGT is not asserted, all refreshes are in non-DBA mode. The refresh cycle may
occur when the main state machineisin the idle state and generating the DOREF* strobe (
ie, no pending access by ARM).

When DBAGT is asserted, the refresh control attemptsto synchronise refresh cycles
with access cycles. Thisis possible because only a byte is accessed at atime and so the
DRAM buffer has been split into two banks (BankQ is the even half ward and Bank1 is
the odd half ward).

If, however, access cycles are not occurring even though DBA mode is selected (for
example during a seek) then the refresh state machine detects this condition, throttles
the SBIC and performs anon-DBA mode refresh.

There are six possible states in the refresh state machine:

DONE1
PENDO
DORFO
DONEO
PEND1
DORF1

These states are controlled by the four inputs:

REFCLK 16 Itsrefresh clock squarewave
REFCYC refresh cycle from DRAM control (IC17)
DBAGT DBA mode in progress

DLY50 DRAM access timing

The principle of operation is as follows:

Non-DBA mode

All four bytes of RAM are refreshed simultaneously. The cycleisinitiated by REFCLK
going active. The refresh state machine would be in the DONEQO state and moves to the
PENDL1 state which generates a refresh request to the main state machine viathe
REFREQ signal.

The first occurrence of the DOREF signal after REFREQ is asserted generates the RFQO
and RFQL1 strobes which actually cause the DRAM control logic to generate the refresh
cycle: Thisisindicated by REFCY C going active: This moves the refresh state machine to
the DORFL1 state. Thisisterminated by DLY 50 going inactive which indicates that the
cycleis complete.

The refresh state machine will now move to the DONEL state. This state is maintained
until REFCY C goes low (ie, 8 slater). At thispoint if DBAGT isinactive, the

refresh state machine moves directly to the DONEO state in preparation for the next
refresh cycle.
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DBA mode

Initially, the refresh state machine will attempt to synchronise a refresh cycle on one bank
to an access cycle on the other bank. Thisis achieved by modifying the logic such that
RFQO and RFQ1 are conditioned by REFCLK. The state machine now goes through two
additional states, PENDO and DORFO.

This allows the two banks to be refreshed separately, with the refresh cycle being
reguested to the DRAM control PAL (1C17) byte one of REFQO or REFQ1 going active.

The positive going edge of REFCLK initiates the BankO refresh and the negative going
edge of REFCLK initiates the Bank1 refresh.

As before, the refresh state machine moves from the PENDx state to the DONEX state
when the refresh cycle actually occurs (REFCY C or DLY 50 active). The refresh cycle
now occurs when the OTHER bank is being accessed.

It should be noted that each bank is still refreshed every 16 s but that the refreshes are
interleaved at 8 sintervals.

A further complication exists in that at any time, the data transfer on the SCSI bus may
be suspended. This would cause the DRAM refresh to fail unless appropriate steps were
taken.

If, whilst DBA is active, the refresh state machine has stayed in its PENDx state (either O or

1 depending upon REFCLK) until the next transition of REFCLK because there has been no

access, then REFREQ is asserted. Thiswill cause the main state machine to drive the DBA
state machine out of DBA. Then a normal non-DBA type refresh may occur.

It should be noted that for transparent refresh to be effective there should be an access

cycle on the SCSI bus lessthan every 2 ps. Thisisto ensure that refresh cycles are
constantly maintained without requiring the system to move to non-DBA refresh.

The control port isaPAL. It has seven inputs from the lowest seven bits of the data bus.
The eighth input of the PAL comes from the reset line of the SCSI bus. Initially, this
PAL controls the system resets. It is possible to reset the SBIC and also to reset the
SCSI bus independently. It is also possible to program the control port such that if there
isan external reset on the SCSI bus, the SBIC isreset. This only would be used where
there are two Acorn Technical Publishing Systems communicating on the SCSI bus.

For further details of how to program the control port, see section 6.6, Reset control
port.

Two other signals may be controlled by this port. These are BSO and BS1. These two
signals are intended to select a starting byte for the funnel (1C31). Thiswill allow
transfers to start with byte alignment. It is not currently implemented.

Thisis apre-loadable 16 bit synchronous up counter. It isimplemented with two PALSs.
The programming for each PAL isidentical. There are eight data load bits, and eight
count outputs. The PALs also have an active low COUNT_ENABLE?* input and an
active low CARRY* output

When COUNT_ENABLE* is active the counter will count with a binary sequence every

time the ACCK signal goes positive. This isassuming that the ACLD signal is high. When
all the count registersare '1' then CARRY* is asserted to show that a carry out is required.
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COUNT_ENABLE* of the least significant byte of the counter is alwaystied low. This
means that this counter will always count. The CARRY* of this device is connected to
the COUNT_ENABLE* of the second byte of the counter. Thus thiswill only
increment on every 256th transition of the common clock signal (ACCK).

The output of these PALSs is permanently enabled.

When ACLD* goes low, thisindicates that the counter is to be reloaded. Under these
circumstances the data at the data inputs is transferred to the count registers on the
positive going edge of ACCK. Thisis synchronous pre-load.

The selection between latched ARM address and DBA mode address counter output is
controlled with DBAGT. When DBAGT is asserted the multiplexers use the address
counter values, and when DBAGT is not asserted the multiplexers use the latched ARM
address values.

The address multiplexers also select between row and column addresses. This selection
is performed with the SELRNC signal which is an output from the delay line 1C21.

Each address multiplexer has the following inputs:

8 ARM latched addresses LA(2:9) or LA(10:17)
row/column selection SELRNC
ARM/counter selection DBAGT

and outputs:

MUXA(0:3) or MUXA(4:7)

The SBIC isan advanced L S| device which provides all the electrical interfaces and
timings for the SCSI bus. In the Acorn Technical Publishing System design the
WD33C93 device is used which has single-ended open collector SCSI bus drivers.

SBIC interface modes
The SBIC may function in three modes:

* processor slave interface
 DMA
» DBA (direct buffer access).

In the Acorn Technical Publishing System only two of these modes are used. These are:

Processor dave interface

Thisisthe standard read/write 1/0O access. The SBIC has two addressing modes, direct
and indirect. In the Acorn Technical Publishing System the indirect mode is used. The
host processor can access a register, the register must first be selected by writing its
address to the special address register in the SBIC. For some registers in the SBIC there
is an auto-increment addressing mode.

The processor dave interface mode is used for all command and status operations with
the SBIC: It isavery powerful device and is capable of combining several SCSI bus
operations into one command.
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Direct Buffer Access (DBA)

In the DBA mode the SBIC takes over the host RAM buffer. To do this a number of
control signals which are normally inputsin the processor interface mode become
outputs. These signals are;

RE* SBIC Read Data strobe
WE* SBIC Write Data strobe
RCS* RAM Chip Select

Also the DRQ signal becomes an input

DRQ - Data Request

The transition from inputs to outputs is controlled by the SBIC itself. The exact
mechanism is rather complex and is further complicated by the requirement to suspend
the DBA modein the middle of a datatransfer. Thisallows ARM to access the

DRAM buffer memory and accommodate a refresh cycle if required. To control the DBA
mode requires a separate state machine. In the Acorn Technical Publishing System design
thisisthe DBA state machine, IC15.

Inthe DBA mode, RCS* is asserted to indicate to the host processor that the SBIC
expects control of the buffer memory. Whilst both DRQ and RCS* are active the SBIC
will generate the RESBIC* and WESBIC* when it wishes to transfer datain or out of
the buffer memory.

Description of DBA mode and DBA state machine
The DBA state machine has the following states:

No DBA
DBA pending
DBA active
Throttle
Kickstart,

and the following inputs:

RCS* SBIC Ram Chip Select signal
DRQS System Data Request (synchronised)
LR*/W Read/Write control CONCY C* Control Cycle Strobe

MRSBIC SBIC Reset Strobe,

and the following outputs:

WESBIC* SBIC Write strobe

RESBIC* SBIC Read strobe

DBAGT DBA Grant signa

DBARQ DBA Request signal

DBASM(2:0) DBA Finite State Machine registers (these are not connected
but are enabled).

The DBA state machine is a synchronous state machine using the same clock as the SBIC.
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States are as follows:

No DBA

Thisistheidle state of the DBA state machine. Whilst in this state there is no current
DBA transfer and a standard processor slave interface may be used to read/write data to
the SBIC. The CONCY C* signal and the LR*/W signal are used to generate the
RESBIC* and WESBIC* signals. DBAGT and DBARQ are FALSE.

If aDBA transfer isto start, the SBIC will assert RCS*: It should be noted that RCS* is
actually high-impedance in the processor slave interface and thusis pulled high with
R132. The assertion of RCS* moves the DBA state machine into the DBA pending state.
For the WD33C93A, DRQ must be previously asserted. The main state machine asserts
DRQinany idle state.

DBA pending

Once RCS* has been asserted the DBA transfer cannot actually start until DRQ is
asserted by the main state machine to signal to the SBIC that the host buffer memory is
free. When DRQ is asserted the DBA state machine moves to the DBA active state.
DBARQ is asserted but DBAGT is not asserted.

DBA active

Whilst this state is maintained (RCS* and DRQ active) DBA transfers may occur. The
transfers are controlled by either RE* or WE* from the SBIC driving RESBIC* or
WESBIC* respectively. These signals are passed to the RAM Control PAL, IC17 to
generate all the appropriate memory signals.

DBAGT and DBARQ are both asserted. Note carefully that DRQ is now the handshake
leader for suspending DBA transfers - throttle mode.

If RCS* goesinactive but DRQ stays active it indicates that the SBIC has transferred all
the bytes specified by the transfer count registers or a bus error has arisen. In either case,
the SBIC will have moved out of the DBA transfer state. This moves the DBA state
machine into the No DBA state.

If DRQ goesinactive but RCS* is till active then athrottle of the current DBA transfer
isrequired. Thiswill be because ARM wishes to access the DRAM buffer memory for
example. However, in the throttled state there is no way of telling that the SBIC wishes
to resume the transfer in that both DRQ and RCS* are inactive and thisis exactly asthey
are when thereis no DBA transfer in progress. Thus the DBA state machine will move to
the throttle state.

Throttle state

In the Acorn Technical Publishing System design, DBARQ is still asserted in the throttle
state to indicate to the main state machine that when SCBSEL* or SCCSEL* have been
removed a DBA transfer should resume. However, whilst throttled an abort might have
been issued to the SBIC, in which case there isno DBA transfer to continue. To allow for
this state the DBA state machine moves to the kickstart state when DRQ is reasserted.

Kickstart state

This state is only entered from the throttle state: DRQ will have been re-asserted to both
the DBA state machine and the SBIC. If thereis still data to transfer under DBA the SBIC
will re-assert RCS* (within about 40 ns!). Thiswill move the DBA state machine to the
DBA active state. Otherwise, if RCS* is not asserted then the DBA state machine will
move to the No DBA mode.
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DBARQ is till asserted in the kickstart state. DBAGT isan inversion of RCS* as this must
change over the control of the memory as soon as RCS* is reasserted because of the first
byte may start within 40 ns of the assertion of CS*. Thiswill occur whilst the DBA state
machineis still in the kickstart state.

Enablesfor RESBIC* and WESBIC*
These two signals are tri-stated when the SBIC has control of the bus. Thisisindicated
by RCS* being active. Thus RCS* is used as the output enable for these two pins.

Register file addressing
Asthe SBIC isused in the indirect addressing mode the ALE pin (pin 24) istied low,
and the A0 pin (pin 19) is connected to ARM latched address LA2.

SBIC interrupt

The SBIC interrupt pinisinverted by IC7. A seriesterminator isfitted asIC7 isan
ACT gate and thus may produce significant overshoot. A test point is provided on the
interrupt pin - thisis used during production testing.

It is possible for the SBIC to be operated at both 8 MHz or 16 MHz in the Acorn Technical
Publishing System design. When it is operated at 8 MHz there is no real requirement for
synchronisation as all the control signals are timed with respect to REF8M. However, if the
16 MHz operation is selected then the DRQ signal must be synchronised into the SBIC.
Thisis done with the 74F74 flip-flop IC11. Thisis specifically an F series device because
of the exceptionally short recovery time exhibited by such devices. It is clocked from the
negative going edge of the SBIC clock (inverted by 1C7). This provides approximately 90
ns of DRQ to clock setup.

The 16 MHz clock signal is derived from the 96 MHz clock by means of a synchronous divide

by 6 circuit.

The SBIC drives the SCSI bus directly. In compliance with the SCSI specification, the
output drivers are open drain drivers with a sink capability of 40 mA per pin. Provision is
made to terminate the bus close to the SBIC by means of 220R/330R resistive terminator
packs.

There are two 50 way SCSI connectors. One of them, J9, isa 50 way IDC which is used for
the internal hard disc drive connection. The other connector, J3, is a 50 way Deltatype
connector mounted on the back panel of the PCB. Thisisthe external bus connector for
additional external SCSI devices. Between the two connectorsis a set of RFI filters that
prevent radiation on the external SCSI bus.

The SCSI RST signal isdriven from Q13 which is an open collector transistor. Thisisin
turn driven from the control port PAL IC30. The status of the reset line is monitored by
means of the clamping circuit D11, D12 and R2.

There is a separate fused terminator power circuit. D1 provides reverse isolation on the

terminator power circuit, and Fl isa 1 A fuse to prevent damage if the terminator circuit
isinadvertently grounded.

The requirement for shield isolation is met by LK 4 on the external bus connector.
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SCSI : Memory map

The following memory map represents a sub-set of the available ARM map in that all
the SCSI addresses fall within alimited range.

3200000 Start of 10C mapped space
31FFFF

31E0600 Reserved for future use
31E05SFF

31E0400 Address Counter
31EQOFF

31E01FF

31E0000 SBIC Registers
31DFFFF

314 Reserved for future use
313FFFF

3 256 kbyte SCSI buffer

End of logical RAM

Figure 6.3 : SCSI memory map

Note:

Normal addressing of the SBIC would be:

Aux status/Address Register = 31E0000

Register File (R/W) = 31E0004 (selected by LA2).

Acorn Technical Publishing System Technical Reference Manual

77



6:14 List of signals

SCSI : List of signals

ABEN*
ABRL*
ABWL*
ACCK
ACLD*
ARMCYC*
BPHI2
BSO,1
CA(0:15)
CASOL,0H*
CASILL,1H*
CLK9M6
CLKDBA
Cco2,1
CONCYC*
CSCON*
CSssBIC*
D(0:31)
DBACYC
DBAGT
DBARQ
DBASM(2:0)
DLY40,50
DOREF*
DRQ
DRQS
FSM(0:2)
I0OGT
IOGT*
IORQ*
LA(2:17)
LA29,10
LR*/W
MRSBIC*
MRSCSI
MUXA(0:7)
RAMCYC
RAMWE*
RASO,1*
RCS*
REF8M
REFCLK
REFCYC
REFQO,1
REFREQ
RESBIC*
RST*
SCBSEL*
SCCSEL*
SD(0:31)
SDIR
SE*(0:3)
SELRNC
WESBIC*

ARM Buffer Enable

ARM Buffer Read Latch Strobe
ARM Buffer Write Latch Strobe
Address Counter Clock

Address Counter Load Strobe

ARM Initiated Access Cycle Strobe
Buffered PHI2 Clock

Byte Select 0 and 1

Address Counter Bus

Bank 0 CAS Linesfor DRAM

Bank 1 CASLinesfor DRAM

9.6 MHz Clock for SBIC

SBIC and DBA State Machine Clock
Funnel Byte Select Counter Outputs
Control Cycle Strobe

Control Port Chip Select

Chip Select for SBIC

32 bit ARM un-buffered Data Bus
DBA Bus Cycle Signal

DBA Grant Signal

DBA Request Signal

DBA Finite State Machine Registers
40 nsand 50 ns Taps from Delay Line
Refresh Control Strobe

DBA Data Request Signal to SBIC
System Data Request (synchronised)
Finite State Machine Outputs

ARM /O Grant Signal (uninverted)
ARM /O Grant Signal (open-collector)
ARM /O Reguest

ARM Latched Address Bus

Latched Addresses

ARM Latched Write Strobe

Master Reset for SBIC

Reset for SCSI Bus

DRAM Multiplexed Address

RAM Cycle Strabe

RAM Write Enable Strobe
RASLinesfor DRAM

SBIC Ram Chip Select Signal

8 MHz System Timing Clock

16 ps Squarewave

Refresh Cycle from DRAM Control (IC17)

Appropriate Bank Refresh Select
Refresh Request

SBIC Read Strobe

System Reset Signal

Early Decode of Buffer Select by ARM
Early Decode of Control Select by ARM
32 bit Internal DRAM Buffer Data Bus
Funnel Direction Select

Funnel Buffer Enables

Select Row/Column Control

SBIC Write Strobe
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SCSI : State machine states

6:15 State machine A summary of states within each of the major state machines:
states
Main state machine - 1C20

Idle

Access

SBIC strobe

DBA active

Throttle

DBA refresh pending
DBA refresh occurring

Refresh state machine - |C27

DONEO
PEND1
DORF1
DONE1
PENDO
DORFO

DBA state machine - IC15

No DBA
DBA pending
DBA active
Throttle
Kickstart
6:16 Links and LK 4 External Shield Isolation
configuration
options Disconnect to isolate shield from equipment O V.
LK 60 Clock Selection

Selects between 16 MHz clock for SBIC and 8 MHz clock.
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Chapter 7 The video system

7.1 Introduction

7.2 Screen modes

This chapter describes the video system of the Acorn Technical Publishing System.

The video circuit is based around the Acorn video controller chip (VIDC). Refer to the
VIDC data sheet (Bibliography, reference 3) for full details of this chip.

The video controller (VIDC) accepts video data from memory under DMA control and
serialisesit to drive the CRT: The chip controls all the display timing parameters and
controls the position of the cursor. The VIDC is a programmable device offering a very
wide choice of display formats.

The Acorn Technical Publishing System design does not support all the facilities that a
full VIDC implementation could. In particular the low resolution colour display modes
and supremacy are not supported.

The 4 bits of digital data which normally drive thered DACinafull VIDC
implementation are externally serialised to a single bit-stream of four timesthe VIDC
pixel rate. With the VIDC operating at 24 MHz, four bits/pixel mode, 96 MHz bit-rates
are generated giving a very high resolution monochrome display.

When used in this mode, VIDC must be programmed to a particular set of values
described in the section Programming below.

Four screen modes will normally be supported:

e 1152 * 900 pixel graphics mode

This mode provides adisplay area of 1152 * 900 pixels plus atwo pixel wide border.

e 144 * 45 character mode

In this mode the display areais treated as 144 character columns by 45 character
rows. Each character is eight pixels wide by 20 pixels high. The border is eight
pixels wide at the sides and two pixels deep at the top and bottom.

¢ 96 * 32 character mode

In this mode the display areaistreated as 96 character columns by 32 character
rows. Each character is 12 pixels wide by 28 pixels high: The border is eight pixels
wide at the sides and four pixels deep at the top and bottom.

* 80* 20 character mode

In this mode the display areaistreated as 80 character columns by 20 character
rows. Each character is 8 pixels wide by 20 pixels high. The border is eight pixels
wide at the sides and eight pixels deep at the top and bottom.
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7.3

74

Data display

Programming

The video system : Data display

Pixels are displayed starting at the top left hand corner of the screen. In the modes
described above, bit 0 of word 0 in the display buffer isthe first displayed pixel, bit 1is
the next pixel etc.

The VIDC contains three 32 bit wide FIFOs (video, cursor and sound) and 46 write-only
registers of up to 13 hits each. In al cases the address of the register is contained in the
top six bits (26-31) of the data field. Bits 25 and 24 are not used (see Figure 7.1 below).
The actual data bits are distributed among the remaining 24 bits of the data field according
to the register in question. Refer to the VIDC data (see Appendix H Bibliography) for
details of the bit positions.

3‘30292‘27262524!3&?120‘.1.17101{141312" 10 » & 7 6 5 4 3 2 1 0
00 I

[ 4 L J

1 Data
Address

Figure 7.1 : Register fields

In order to define the display format correctly, the registers need to be programmed as
shownin Figure 7.2 and Tables 7.1 and 7.2.

4 4 M -J Border Display Cursor
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Figure 7:2 : Display format
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The video system : Programming

Address (Hex) Register

Colour/Sound Registers

0x00-0x3C Video Palette logical colours
0x40 Border Colour Register
0x44-0x4C Cursor Palette logical colours

0x60-0x7C Stereo Image Register

Value

Seetext
See text
See text

See next chapter

Horizontal Timing Registers (Graphics Mode, 144 * 45 Character M ode and

96 * 32 Character Mode)

0x84 Horizontal Sync Width
0x88 Horizontal Border Start
0x8C Horizontal Display Start
0x90 Horizontal Display End
0x94 Horizontal Border End
0x80 Horizontal Cycle

0x9C Horizontal Interlace

(208/4-2)/2

((208+188)/4-1)/2
((208+188+8)/4-7)/2
((208+188+8+1152)/4-7)/2
((208+188+8+1152+8)/4-7)/2
((208+188+8+1152+8+4)/4-2)/2
Ignored, see Control Register

Horizontal Timing Registers (80 * 20 Character M ode)

0x84 Horizontal Sync Width
0x88 Horizontal Border Start
0x8C Horizontal Display Start
0x90 Horizontal Display End
0x94 Horizontal Border End
0x80 Horizontal Cycle

0x9C Horizonta Interlace

(208/4-2)/2

((208+444)/4-1)/2
((208+444+8)/4-7)12
((208+444+8+1152)/4-7)/2
((208+444+8+1152+8)/4-7)/2
((208+444+8+1152+8+260)/4-2)/2
Ignored

Vertical Timing Registers (Graphicsand 144 * 45 Character Mode)

OxA4 Vertical Sync Width
OxA8 Vertical Border Start
OxAC Vertical Display Start
0xBO Vertical Display End
0xB4 Vertical Border End
OxAO Vertical Cycle

31

3+43-1

3+43+2-1
3+43+2+900-1
3+43+2+900+2-1
3+43+2+900+2-1

Vertical Timing Registers (96 * 32 Character M ode)

OxA4 Vertical Sync Width
OxA8 Vertical Border Start
OxAC Vertical Display Start
0xBO Vertical Display End
0xB4 Vertical Border End
OxAO Vertical Cycle

31

3+43-1
3+43+4-1
3+43+4+896-1
3+43+4+896+4-1
3+43+4+896+4-1

Table 7:1: Register values
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Control register (CR) :
address OxEOQ

Video palette logical
colours Ox0-0xF :
addresses 0x00-0x3C

The video system : Programming

Vertical Timing Registers (80 * 20 Character Mode)

OxA4 Vertical Sync Width 31

OxA8 Vertical Border Start 3+287-1

OxAC Vertical Display Start 3+287+8-1

0xBO Vertical Display End 3+287+8+400-1

0xB4 Vertical Border End 3+287+8+400+8-1
O0xAQ0 Vertical Cycle 3+287+8+400+8+244-1

Control Register

OXEO Control Composite Sync.
Interlace Off
DMA Level - End of words 2,6
4 Bits per pixel
24 MHz VIDC pixel rate

Cursor Position Registers

0x98 Horizontal Cursor Start Register See text
0xB8 Vertical Cursor Start Register See text
0xBC Vertical Cursor end Register See text

Table 7.2 : Register values (continued)

For an in-depth discussion on how to calculate these parameters, refer to the VIDC data
sheet. These values have been selected to correctly drive the monitor as described in
Chapter 17, Monochrome monitor.

The external serialiser complicates the calculation of the timing parameters dightly. This
is because the programmed VIDC pixel rate is one quarter of the external pixel rate. The
vertical timing parameters are unaffected by this as they are defined in units of araster,
but the horizontal timing parameters which are defined in units of two (24 MHz) pixels
can only be programmed in units of eight (96 MHz) pixels. There are now four times as
many pixels on aline as are actually programmed.

The control register should configure VIDC to produce:
e composite sync
e nointerlace
* DMA at the end of words two and six
« four bits per pixel
e 24 MHz pixel rate.

In this design, where only the high resolution monochrome display is supported, all 16
locations of the video palette should be programmed to be a 1:1 logical to physical
mapping, as shown in Table 7.3 below. White on black and black on white displays are
illustrated. Supremacy is not supported so bit D[12] is zero.
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Border colour register :
address 0x40

7.5 The cursor

Horizontal cursor start
register (HCSR) :
address 0x98

The video system : The cursor

Video Palette Entry Value Effect on display data
0x0 0x0000

Ox1 0x0111

0x2 0x0222 0 =Black
0x3 0x0333 1= White
etc

OxE OxOEEE

OxF OXOFFF

Alternately,

0x0 OXxOFFF

Ox1 OxOEEE

0x2 0xODDD 0 = White
0x3 0x0CCC 1= Black
etc

OxE 0x0111

OxF 0x0000

Table 7.3 : Video palette, high resolution mode

In this design the border can be black or white. For a black border 0x0000 should be
written to the border colour register, and for awhite border 0xOOOF should be written.
It isalso possible to produce vertical stripe patterns using values 0x001 - 0X00E. No
other values should be used.

The cursor isthe same format in all video modes, and is automatically defined to be 32
VIDC pixelswide (128 display pixels), though it may be any number of rasters high.
Any pixel may be defined as being transparent, enabling smaller cursorsto be
constructed. The format is always two bits per pixel, with bits 0, 1 in the first word in
the cursor FIFO representing the first pixel, etc. In the high resolution monochrome
mode the cursor can only be defined horizontally in units of four (96 MHZz) pixels,
though it can be positioned anywhere on the screen to within one (96 MHz) pixel.

The cursor should not be programmed to be outside the display area vertically, but it may
be programmed to start or end outside the display area horizontally. The cursor must not
be programmed to 'run off the right hand side of the screen, though it may be programmed
to start before the left hand side. If a cursor of, say only eight pixelswide isrequired, then
the image should be programmed to be at the right hand end of the 32-pixel block, and the
first 24 pixels should be programmed to be transparent. In this way the displayed cursor
may be positioned anywhere on the screen. Note that the cursor will not be displayed
outside the border area either vertically or horizontally.

Thisregister defines the time, in units of single pixel periods, from the start of the
HSY NC pulse to the start of the cursor display. If M display pixels are required in this
time, then value (M-6) should be programmed into the HCSR.

Thisisa 13 hit register (bits 11 to 23), with bit 11 the least significant.

Note that only the cursor start position needs to be defined, asthe cursor is
automatically disabled after 32 pixels.

Acorn Technical Publishing System Technical Reference Manual 85



The video system : Circuit description

Vertical cursor start Thisregister defines the time, in units of araster, from the start of the VSYNC pulse to
register (VCSR) : the start of the cursor display. If N rasters are required in this time, then value (N-1)
address OxB8 should be programmed into the VCSR. Thisisa 10 bit register, with bit 14 the least
significant.

Vertical cursor end . , : Lo
register (VCER) : Thisregister defines the time, in units of araster, from the start of the VSYNC pulseto

address OxBC theend of the cursor display. (ie the first raster on which the cursor is not present). If
N rasters are required in this time, then value (N-1) should be programmed into the
VCER. Thisisa 10 hit register, with bit 14 the least significant.

Cc lette logical ) . .
ursor pa‘ette logica In this design the cursor palette should be programmed to the values in the table below.

colours 1-3 :
addresses
0x44-0x4C cursor colour 1 : 0x10
cursor colour 2 : 0x20
cursor colour 3 : 0x30
Table 7.4 : Cursor palette, high resolution mode
The colour of each pixel in the cursor is then defined by two bits according to the table
below.
MSB LSB
0 0 transparent
0 1 cursor black
1 0 do not use
1 1 cursor white
Table7.5: Cursor logical colours, high resolution mode
7:6 Monitor A specification for the monitor isin Chapter 17, Monochrome monitor.
7.7 Circuit This section describes the video circuit.
description

Register writes  \yrite datais strobed into VIDC internal registers by the active low VIDW strobe.

The address of the register to be written is supplied on the upper data bits while the
lower data bits carry the datato be written.

Video data VIDC (1C28) requests data from the memory by signalling with video request -
VIDRQ. Thissignal is asynchronous to the system clock and is synchronised by an F174 (
IC1). The capacitor/resistor/diode (C38/R114/D3) network may be required to prevent
excessive system bus bandwidth being requested by VIDC on system power-up. In
practice this occursrarely and is limited to particular VIDC devices. For this reason these
three components are not normally fitted.

The addressing of the datain memory is controlled by the memory controller, MEMC,
which signals valid data is on the bus by making video acknowledge - VIDAK active.

The datais buffered in one of two FIFOs (video and cursor) within VIDC before being
passed through the pallet and DACs.

The inverse of the four hits of data which are fed to the red DAC are output on the

VED(0:3) pinson VIDC. These are serialised to a single bit stream at 96 MHz by an
F166 shift register IC2 (see Figure 7.3 below).
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Cursor data

Composite sync:
output

The video system : Circuit description

veors) TJ,}-—
VED{2) VED{2)——
IVED[1 VED{1)f——
Eom#— VED(O)f——

\ Y \ \

MONOCHROME
VIDC PIXEL TIME PIXEL

Figure 7:3 : External serialiser

The 96 MHz oscillator is divided down to 24 MHz by a quadrature divide by 4 circuit
constructed from an AS74 (IC14). The logical NAND of the two phases of the 24 MHz
clock providesthe parallel 1oad signal for the shift register.

The output of the serialiser is buffered to provide a 75 Cl output at approximately
0.7V.

The serialiser and output buffer operate from aregulated 5V supply to reduce noise on
the display.

On early VIDC samples the worst case timing parameter for CLK24SY Sto VED(0:3)
does not alow one particular edge to be used to latch VED(0:3). LK 55 allows this edge
to be selected according to the speed of VIDC. All examples to date have been fast
enough for LK4 to be set to link pins 1 and 2.

The cursor data FIFO isloaded during the horizontal sync period preceding the line on
which cursor datais displayed. Cursor datais addressed, sent and strobed into VIDC in a
similar manner to video data. MEMC uses HS to select the cursor data buffer which is
separate from the video data buffer. It is not necessary to synchronise HSinto MEMC as
the timing is still controlled by VIDRQ.

With the VIDC control register set to produce composite synchronisation pulses, these
emerge on the V/CSY NC pin. The composite sync signal is the exclusive NOR of VSync
and HSync (see the figure below).

VIVRE  (VSWRaS) 1 ]

e U U u U U U 1B u
Tewe [ N 1] U U U I | B

Figure 7.4 : VSYNC output
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The video system : Circuit description

The V/CSYNC output is inverted and buffered by Q4 and output to the monitor viaa

BNC on the rear panel. Note that only the falling edge of SYNC iscritical to the
monitor.
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Chapter 8 The sound system

8.1 Introduction

8.2 Programming

Stereo Image
registers, channels
0-7 : addresses
0x60-0x7C

The sound circuit is based around the Acorn video controller chip (VIDC). Refer to the
VIDC data sheet for full details of this chip.

It should be noted that this design does not support all the facilities that afull VIDC
implementation could. In particular the sound filtering circuitry has been optimised to
produce a monaural sound channel.

The video controller (VIDC) accepts sound data from memory under DMA control,
serialisesit, and performs digital to analogue conversion to drive a speaker viaan
external power amplifier and filter.

The bandwidth of the sound channel is approximately 100 Hz to 1.5 kHz.

The sound system within VIDC consists of afour word FIFO and bytewide latch which
drive a7 hit exponential DAC: The eighth (sign) bit steers the DAC output to one of two
output pins, one designated "+' and the other designated *-'. The sound signal is generated
externally by integrating and then subtracting these two pairs of signals.

In astereo VIDC implementation the stereo image is synthesised by time-division
multiplexing the output between the 'left' and 'right’ pairs of output signals. In this
monaural design thisis not supported and the left and right channels are summed
externally to produce a mono signal.

The addressing of the data in the sound buffer is controlled by the memory controller,
MEMC. See Appendix H Bibliography.

The VIDC can operatein 1, 2, 4 or 8 channel modes. In this design it should be operated
in single channel mode. In single channel mode all eight stereo image registers must be
programmed to the same value. Stereo sound data can be played through the sound system
but will be reproduced in mono.

In single channel mode sequential bytes in the sound buffer are sequential samples and are
applied to the DAC in the order they appear in the buffer. The frequency with which
samples are applied to the DAC is programmable and set in the sound frequency register.

In all cases the address of the VIDC register to be written to contained in the top six
bits (26-31) of the datafield. Bits 25 and 24 are not used. The actual data bits are
distributed among the remaining 24 bits of the data field according to the register in
question. Refer to the VIDC data sheet for details of the bit positions:

In afull VIDC implementation these eight registers define the stereo image position for
each of the eight possible channels. In this design these have no function and should be
programmed to a central position.
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The sound system : Circuit description

Sound frequency  This register defines the byte sample rate of the sound data. It is defined in units of 1

register (SFR) :
address OxC0 . . : .
If asample period of N psisrequired, then (N-1) should be programmed into the SFR.
N may take any value between 3 and 256.
The samplerate is selectable by the SFR in units of 1 ps, with aminimum value of 3 ps.
8:3 Circuit VIDC (1C28) requests data from the memory by signalling with sound request -
description SNDRQ . Thissignal is asynchronous to the system clock and is synchronised by an F174 (

IC 1). The addressing of the datain memory is controlled by the memory controller, MEMC
which signals valid data is on the bus by making sound acknowledge - SNDAK active.

The datais buffered in the sound FIFO in VIDC before being serialised and digital to
anal ogue converted.

The sound outputs CH- and CH+ are current sinks. The magnitude of the output current
isafunction of the sound reference input current generated by R71 from the filtered
reference voltage SNDVDD. (The reference current is equal to the step size in the
highest chord.) The output currents are integrated and converted to a voltage by
R135/R134 and C77/C75. The result is further filtered by R128/R131 and C78/C70.

The filtered sound outputs are summed and buffered by alow voltage audio amplifier, an
LM386 (1C92), which has a gain of approximately 20 in this circuit. The inputs to the
LM386 have 50 kOhm pull-down resistors and together with C73/C76 provide OV DC
restoration. The output capacitor C72 removesthe 2.5V output offset from the speaker.
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Chapter 9 Keyboard and mouse

9.1 Keyboard
interface

9.2 Mouse
interface

The keyboard is a separately housed unit which communicates with the main processor box
viaaduplex serial link. It isthe keyboard that is responsible for detecting keys states and
tracking mouse movement.

The specification of the keyboard is given in this chapter.

One hundred and three keys are provided with a general layout similar to the IBM 101
standard.

Therolling ball type mouse plugs into the keyboard and provides an additional three keys.
The specification of the mouse isin this chapter.

The keyboard may reset the main processor (if this function is enabled) but is designed so
that plugging and unplugging it from the main processor does not cause a system reset or
software failure.

The keyboard identifies each key by its row and column address in the keyboard matrix.
Tables 9.2, 9.3 and 9.4 show the correspondence between the physical key position and the
row and column codes.

At the keyboard end the serial link is controlled by a microcontroller, and at the processor (
host) end by the |OC keyboard interface.

The serial link uses NRZ encoding and is atwo wire full duplex system which operates at
31.25 K baud. The keyboard is powered via the serial link.

The keyboard protocol is described in the following sections.

The mouse interface has three switch sense inputs and two quadrature encoded movement
signals for each of the X axisand Y axis directions. Mouse key operations are debounced
and then reported to the host via the keyboard and keyboard protocol. The mouse keys are
allocated row and column codes within the main key matrix: See Table 9.4

Circuitry in the keyboard decodes the quadrature signals from the mouse and maintains a
signed 7 bit count for each axis of mouse movement.

When count overflow or underflow occurs on either axis both X and Y axis countslock and
ignore further mouse movement until the current data has been sent to the host computer.

Overflow occurs when a counter holds its maximum positive count (0111111 binary).
Underflow occurs when a counter holds its maximum negative count (1000000 binary).
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Reset protocol

Keyboard and mouse : Mouse interface

Each axis can count up to 5,000 state changes per second minimum, this corresponds to
approximately 16 inches per second on a 300 points per inch mouse.

Serial data transmissions from the keyboard are either one or two bytesin length. Each
byte sent isindividually acknowledged by the host computer. The keyboard will only
transmit a byte when the previous byte has been acknowledged. The exception to thisis
the reset code indicating either that a power on or user reset occurred, or that a protocol
error occurred.

Each data byte (eight data bits) is preceded by a single start bit (logic 1). The least
significant data bit (DO) is sent first. The last data bit (D7) is followed by two stop bits
(logic 0). Note that dataiis sent in inverted form, that isalogic 1 data bit will appear on
the seria lineasalogic 0 and vice versa.

The keyboard restarts when it receives a one byte HardReSet (HRST) code from the host.

Toinitiate arestart the keyboard sends a HRST code to the host, which will then send
back HRST to command arestart.

The keyboard sends HRST to the host if :

. apower on reset occurs
. auser reset occurs
. aprotocol error is detected.

After sending HRST, the keyboard waits for a HRST code. Any non HRST code received
causes the keyboard to resend HRST to the host.

The pseudo program below illustrates the reset sequence or protocol.

START reset

ON error send HRST code to host then wait for code from host
IF code = HRST THEN restart EL SE error

ON restart clear mouse position counters
set mouse mode to data only in response to an RMPS request
stop key matrix scanning and set key flagsto up
send HRST code to host

Wait for next code
IF code = RAK1 THEN send RAK1 to host EL SE error

Wait for next code
1F code = RAK2 THEN send RAK 2 to host EL SE error

Wait for next code
IF code = SMAK THEN mouse mode to send if not zero and enable key scan
EL SE IF code = SACK THEN enable key scanning

EL SE IF code = MACK THEN set mouse mode to send when not zero
EL SE IF code = NACK THEN do nothing EL SE error

END reset
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Keyboard and mouse : Mouse interface

Note: the on/off state of the <Shift> and <Caps lock> key LEDs does not change on reset. The
LED stateis not defined at power on. The host computer is aways responsible for selecting the
LED status. After the reset sequence, key scanning is only enabled if a scan enable acknowledge
(SACK or SMAK) isreceived from the host.

Data transmission When enabled for scanning, the keyboard informs the host of any new key down or new
key up by sending a two byte code incorporating the key row and column addresses.

The first byte gives the row and is acknowledged by a byte acknowledge (BACK) code
from the host. If BACK is not received, then the error process (ONerror) is entered. See
Reset protocol above.

If the BACK codeis correctly received the keyboard will send the column information and
wait for an acknowledge. If either aNACK, SACK, MACK or SMAK acknowledge code is
received then the keyboard will continue by processing the acknowledge code. See the
section Command and acknowledge code summary below.

If the character received as the second byte acknowledge was not one of
NACK/MACK/SACK/SMAK then the error processis entered. See Reset protocol above.

While key scanning is suspended (after NACK or MACK) any new key depression is
ignored and does not result in a key down transmission unless the key remains down after
scanning resumes following a SACK or SMAK. Similarly akey releaseisignored while
scanning is off.

Mouse data ) . .
Mouse datais sent by the keyboard if requested by a RQMP request from the host or if a

SMAK or MACK have enabled transmission of non-zero values.

Two bytes are used for mouse position data. Byte one encodes the accumul ated movement
along the X axis while byte two gives Y axis movement. Both X and Y counts are trans-
ferred to temporary registers when data transmission is triggered, so that accumulation of
further mouse movement can occur. The X and Y counters are cleared upon each transfer
to the transmit holding registers. Therefore the count values are relative to the last values
sent.

The host acknowledges the first byte (X count) with a BACK code and the second byte (
Y count) with any of NACK/MACK/SACK/SMAK. A protocol failure causes the
keyboard to enter the error process. See Reset protocol above.

When transmission of non-zero mouse data is enabled, the keyboard gives key data
transmission priority over mouse data except when the mouse counter over/underflows.
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9.3

Description of
acknowledge codes

10C keyboard
asynchronous
receiver
transmitter (
KART)

Keyboard and mouse : IOC keyboard asynchronous receiver transmitter (KART)

There are seven acknowledge codes which may be sent by the host

Mnemonic Function

RAK1, RAK2 These are used during the reset sequence described in Reset protocol
above.

BACK Thisisthe acknowledge to the first byte of atwo byte keyboard
data set.

NACK Acknowledge and disable key scanning. The transmission of key
up/key down datais disabled and mouse data is sent only on RQMP
reguest.

SACK Acknowledge and enable key scanning. The transmission of key
up/key down data is enabled but mouse data is sent only on RQMP
request.

MACK Acknowledge and disable key scanning. The transmission of key

up/key down datais disabled, but the transmission of non-zero
mouse data is enabled.

SMAK Acknowledge and enable key scanning. The transmission of key
up/key down and non-zero mouse data is enabled.

At the processor end of the serial link isthe IOC KART. This provides an asynchronous
seria link to the keyboard. It is of fixed format with eight bits to a character which is
framed with one start bit and two stop bits. The least significant bit KD[Q] is
transmitted/received first. The KART dividesinto two, the receiver and the transmitter.

The ARM accesses the receiver viathe serial Rx dataregister. A clock of 16 timesthe
datarateis used by the KART to clock in the serial datafrom the KIN pin. When a data
byte has been received, the SRx bit is asserted in the IRQ status B register to indicate that
the byte is available for reading. See 10C interrupt allocations in chapter 5 for details of
thisregister.

False start bits of less than a half bit duration are ignored.

The ARM accesses the transmitter via the serial Tx data register. The byte written to the
serial Tx dataregister istransmitted serially from the KOUT pin, and the STx bit is
asserted in the IRQ status B register to indicate that the transmission is finished and the
serial Tx data register may be reloaded. See 10C interrupt allocationsin chapter 5 for
details on thisregister.

The receive and transmit speeds are the same and may programmed using counter 3 in
IOC. The current keyboard operates at 31.25 kbaud.
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Serial Tx data register

Serial Rx data register

Initialisation

Receive Interrupt

Keyboard protocol

Keyboard and mouse : IOC keyboard asynchronous receiver transmitter (KART)

Writing to this register loads the serial output shift register, clears any outstanding
TRXx interrupt and starts the transmission. An interrupt is raised when the register is
ready to be reloaded.

| KART Data  KD[7:0)

Figure 9.1 : Serial Tx dataregister 0x04 write

Reading from this register clears any outstanding SRx interrupt and returns the current
received byte. Datais only valid while the SRx bit is set in the IRQ status B register.

| KARTDats  KD{7:0]

Figure 9.2 : Serial Rx data register 0x04 read

After power-on, the KART isin an undefined state. The KART isinitialised by
programming the serial line speed using counter 3 and performing aread from the serial
Rx data register, discarding the data byte. This clears any outstanding receive interrupt
and enablesthe KART for the next reception. Finally the Tx data register iswritten to.
Thiswill abort any transmission in progress, cause a new one to be started, and clear any
STx interrupt.

The SRx interrupt is set halfway though the reception of the last data bit.

Note: Care should be taken to ensure that the last bit has been received before the serial
Rx data register is read, to prevent this bit being interpreted as the start bit of the next
packet.

The keyboard protocol is described in the previous section. This section describes actions
that the processor takes to conform to this protocol.

When the keyboard has sent a byte, in normal operation it will not send again until it has
received an acknowledge from the ARM. The only exception to thisis during the reset
protocol used to synchronise the handshaking, where each side is expecting specific
responses from the other, and will not respond further until these are received. Unexpected
responses cause the reset sequence to be restarted.

Key changes are transmitted as key up and key down codes, appended to row and column
data. Thisisonly transmitted when enabled by an acknowledge scan code. An acknowledge
scan code should always be issued at the end of a keyboard packet (two bytes), asthereis
no command code allowing scanning to be enabled later.
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Description of
commands

Keyboard and mouse : I0C keyboard asynchronous receiver transmitter (KART)

The treatment of mouse data is a modification of this simple protocol The keyboard will
not send mouse data unless specifically allowed to. Thisisindicated to the keyboard by an
acknowledge mouse code. This code instructs the keyboard to transmit the cumulative
change of mouse coordinates since the last instruction, or if there has been no change the
next move made by the mouse. While it is not allowed to send mouse coordinates the
keyboard will update a counter with any changes. If the mouse is moved too far between
requests for mouse data, the count will overflow or underflow. See Mouse data above for
more details.

In addition to acknowledging codes transmitted by the keyboard the host can also initiate
actions in the keyboard by sending commands. Commands may be sent at any time and
may be interleaved with acknowledge codes.

The LEDS and PRST commands may be acted on immediately. Commands which require a

response are held pending until the current data protocol is complete.
Repeated commands only require a single response from the keyboard.

M nemonic Function

HRST Reset keyboard. If the HRST command is received the keyboard
immediately enters the restart sequence. See Reset protocol above.

LEDS Turns key cap LEDs on/off. A three bit field indicates which state
the LEDs should bein. Logic 1 ison, logic O (zero) off.

DO controls Caps L ock
D1 controls Num Lock
D2 controls Scroll lock

RQMP ReQuest Mouse Position (X, Y counts). See Mouse data above.

RQID ReQuest keyboard I dentification code. The keyboard is
manufactured with a six bit code to identify the keyboard type to
the host. Upon receipt of RQID the keyboard transmits KBID to

the host.
PRST Reserved for future use. The keyboard ignores this command
RQPD For future use. Current keyboards encode the four data bits into the

PDAT code datafield and then send PDAT to the host.
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9.4 Command and
acknowledge
code summary

Keyboard and mouse : Command and acknowledge code summary

Mnemonic

HRST
RAK1
RAK2

RQPD
PDAT

RQ1D
KBID

KDDA

KUDA

RQMP
MDAT

BACK
NACK
SACK

MACK
SMAK

LEDS
PRST

msb

1111
1111
1111

0100
1110

0010
10xx

1100

1101

0010
OXXX

0011
0011
0011
0011
0011

0000
0010

Isb

1111
1110
1101

XXXX
XXXX

0000
XXXX

XXXX

XXXX

0010
XXXX

1111
0000
0001
0010
0011

Comments

One byte command, keyboard reset
One byte response in reset protocol
One byte response in reset protocol

One byte from host, encodes four bits of data
One byte from keyboard, echoes four data bits of RQPD

One byte host request for keyboard ID
One byte from keyboard encoding keyboard 1D

New key down data. Encoded row (1st byte) and column (2nd
byte) numbers

Encoded row (1st byte) and column (2nd byte) numbersfor a
new key up

One byte host request for mouse data
Encoded mouse count, X (bytel) then 'Y (byte2)

Ack for first keyboard data byte pair
Ack and disable keys, disable mouse
Ack and enable keys, disable mouse
Ack and disable keys, enable mouse
Ack and enable keys, enable mouse

Oxxx bit flag to turn LED(s) on/off

0001 From host, one byte command, does nothing

X isadatabit in the code e.g. xxxx isafour bit datafield

Table 9.1 : Command and acknowledge code summary
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Keyboard and mouse : Key codes

9:5 Key codes The key codes transmitted by the keyboard are defined in Tables 9.2, 9.3 and 9.4 below.
Key Key Key Row Col. COMPTEC Notes Key cap front
Posn Size  Name Code Code Legend L egend
F1 1 Esc 0 0 E843 1
F2 1 F1 0 1 F851 2
F3 1 F2 0 2 F852 2
F4 1 F3 0 3 F853 2
F5 1 F4 0 4 F854 2
F6 1 F5 0 5 F855 2
F7 1 F6 0 6 F856 2
F8 1 F7 0 7 F857 2
F9 1 F8 0 8 F858 2
F10 1 F9 0 9 F859 2
F11 1 F10 0 A F860 2
F12 1 F11 0 B F861 2
F13 1 F12 0 C F862 2
F14 1 Print 0 D P761 13
F15 1 Scroll 0 E S100 1
F16 1 Break 0 F B461 1 TBA (P959) Pause
El 1 T~ 1 0 KK6D
E2 1 1 1 1 1215
E3 1 2 1 2 2215
E4 1 3 1 3 3215
ES 1 4 1 4 4225
E6 1 5 1 5 5215
E7 1 6 1 6 6225
E8 1 7 1 7 7225
E9 1 8 1 8 8205
E10 1 9 1 9 9215
E1ll 1 0 1 A 0216
E12 1 - 1 B Mil S
E13 1 =+ 1 C DD1S
E14 1 £o 1 D Z2ZY0
E15 1 Backspc 1 E AAOL 1
E16 1 Insert 1 F 1835 1
E17 1 Home 2 0 H229 13
E18 1 Pg up 2 1 P955 1
E19 1 Numlock 2 2 N100 14
E20 1 / 2 3 KK9J 1
E21 1 * 2 4 FF5L 1
E22 1 # 2 5 ZZAB 1

Table 9.2 : Key codes
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Keyboard and mouse : Key codes

Key
Size

Key
Posn

D1
D2
D3
D4
D5
D6
D7
D8
D9
D10
D11
D12
D13
D14
D15
D16
D17
D18
D19
D20
D21

C1
c2
C3
c4
C5
C6
Cc7
C8
Cc9
C10
C1i
C12
C13
C14
C15
C16
C17

Bl
B2
B3
B4
BS
B6

a1
—
&

To—C<-H4ImMsO

(&)
— bl —
—_—— A

Delete
Copy
Pg dwn

1
Q © 00~
=

\l
(3]
Or X«CTOTMTOOnW>P

N RPRRPRERNRRPRPRPRRPRRPRRPRPRRPRPRRRPRPRRRPRPREPREPREPREPREPRERERERERRERERRERRERRERR
N
a1

N
a1

"KEY 104

N Y
<OXN

Row
Code

A AP AEADPMPMPEPAMDIEARARDPPRPOWWLWLWWW WWWWWWWWWWWNDNDNNNNDNNDDNDDN

aoabs~ b

Col.
Code

COMPTEC
L egend

TO77
Q838
w838
E838
R838
T838
Y838
us3s
1838
0838
P838
Ja1L
JIM
KK22
D841
Co1P
P956
7837
8837
9837
DDOL

C036
A838
S838
D838
F838
G838
H838
J838
K838
L838
MMDO
PP74
R024
4837
5837
6837
DD2W

S014
D

7838
X838
C838
V838

POTmMmPAO WPOONOTRARWNRPOTMOO®T >OONOORAONMNPOTMOO®T>O©NO®

Notes Key cap front
L egend

[

1 TBA (E1100 End)

Table 9:3 : Key codes (continued)
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Keyboard and mouse : Key codes

Key Key Key Row Col. COMPTEC Notes
Posn Size  Name Code Code Legend

B7 1 B 5 2 B838

B8 1 N 5 3 N838

B9 1 M 5 4 M838

B0 1 , < 5 5 BB4C

B11 1 > 5 6 BB4B

B12 1 1? 5 7 GG54

B13 275  Shift 5 8 S044 13
B4 1 CrsrUp 5 9 AAO1 1
B15 1 1 5 A 1837

Bi6 1 2 5 B 2837

B17 1 3 5 C 3837

Al 15 Caps 5 D C206 14
A2 15 Alt 5 E A046 13
A3 7.0 Space 5 F

Ad 15 Alt 6 0 A046 13
A5 15 Ctrl 6 1 C150 13
A6 1 CrsrLt 6 2 AAOL 1
A7 1 CrsrDn 6 3 AAOM 1
A8 1 CrsrRt 6 4 AAQ0 1
A9 20 0 6 5 0140

Al0 1 - 6 6 MMOP

All 20 Enter 6 7 E095 1
LEFT - 7 0 5

MIDDLE - 7 1 5

RIGHT - 7 2 5

Notes : Unless shown otherwise, keytop colour is Pantone warm grey 3

Legend marking is black
Row and column codes are in hexadecimal
Key positions are asin Acorn drg. 0276,100/L

1. Dark keytop

2. Red keytop

3. Key position with N key rollover

4. Green light emitting diode under key cap
5. Located on mouse

Table 9.4 : Key codes (continued)
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