USER'S MANUAL
Revision A (Preliminary)
June 1991

HK68/V3D

68030-based VMEbus Single-board Computer

HEWRIKON

OPEN SYSTEMS : : OPEN TOOLS



HK68/V3D

VMEbus 68030-based Single Board Computer

USER'S MANUAL
Revision A (Preliminary)
June 1991

HELRIKON

OPEN SYSTEMS : : OPEN TOOLS



The information in this manual has been checked and is believed to be accurate and reliable.
HOWEVER, NO RESPONSIBILITY IS ASSUMED BY HEURIKON FOR ITS USE OR FOR ANY
INACCURACIES. Specifications are subject to change without notice. HEURIKON DOES NOT
ASSUME ANY LIABILITY ARISING OUT OF USE OR OTHER APPLICATION OF ANY PRODUCT,
CIRCUIT OR PROGRAM DESCRIBED HEREIN. This document does not convey any license under
Heurikon's patents or the rights of others.

Heurikon and HK68/V are trademarks of Heurikon Corporation.

Intel is a trademark of Intel Corporation. Ethernet is a trademark of Xerox Corporation. UNIX is a
registered trademark of AT&T. VxWorks is a trademark of Wind River Systems, Inc.

REVISION HISTORY
Revision Level Principal Changes Date of Publication = Board Revision Level
A (Preliminary) First publication June 1991 EPO

Copyright 1991 Heurikon Corporation. All rights reserved.

HK68/V3D User's Manual



Contents

1 — Overview

1.1
1.2

13
1.4

1.5

INrOAUCHON ....coiiiiiiiiiicctitrir et 1-1
Components and FEAMUIES .........covuiviieioririiieevicreneceniceienc e 1-1
Functional DeSCription ........cocceeeiermnieenineneeneeneeseescesresteeeseeseesens 1-4
Jumpers, Connectors, and SWItches .........c.cccovveerieininincicrereeenennae 1-6
141 JUITIPEIS vttt ettt eee e s es e re st e et b e eaeae s st e eanne s 1-6
1.4.2  COMNECLOTS .....covvreeerrerraerersensseteressesessssesessessessessssesasessssennns 1-6
1.43 Interrupt or Reset SWitCh.......cccocouvirinirineiiniecrereeieniene 1-7
Overview of the Manual ..........ccccoceeieiiiienniieesee e 1-8
1.5.1 Terminology and NOtatiON........cccueeeeevriervrevensrieererneeennneens 1-8
1.5.2  Additional Technical Information ............ccceeeevereecnnierunrenen 1-8

2 — Setup and Installation

2.1
2.2
23
24
2.5
2.6
2.7
2.8
29

INEOAUCHON ..ottt e 2-1
Unpacking.......cooviiiviniiiiiciett e 2-1
Recording Serial NUmDETS.........ccccoiiiiiiiiiiniieriteeiee et 2-1
Providing POWET ........ccvviiiiiieinieeniieiniieenneeeesienisenseessesesssnssnsssssnsns 2-2
ReSEIrVING SPaCE......coieiiiiciiiiiiniiiciiiieececree ettt e eensee e 2-2
Providing Air FIOW ..ottt 2-2
Checking OPEeration ........c.ccooiiieericeniienieriiieteieeesieseesereenseeestennes 2-3
Troubleshooting and Service Information.................coceeeveuverienenen. 2-10
MONILOT SUMMATY c.eoiiiiiiiiiieiirretcreteietececratreeee s st breees ssnresessnsenas 2-12 -

3 — Microprocessor Unit

31
32
33
3.4
35
3.6
37

INOAUCHON ...ttt ettt arae e s ere e s ae e saave s 3-1
MPU INTEITUPLS cooiiiiiiiiiiinieeciriciant ittt e e e s ae e s s eoee e aeeseaeennas 3-1
MPU EXCEPUON VECLOLS.....c.eteiiiiiiieiirireteeetnrerseeessessessseseeseesauessenne 3-2
SEATUS LEDS....ceciieeiiereieinteiniet st eresestssste st sessesensessas et esrasesasessensosas 3-6
Monitoring MPU Status from the Front Panel Interface.................. 3-6
MPU Cache CONLIOL.......ccoiviiiiieceeiectenrterrsecsreereenaee e sseraeenesse s 3-7
COPIOCESSOLS ....oviviiiriiiiriisiciiieeiste s essss sttt esesesnsesatsssssresssacsnssnene 37

4 — Optional Floating Point Coprocessor

4.1
42

Revision A (Preliminary) / June 1991

Feature SUMIMATY ....cccceiiuieeieeeeeeisereeeeseiiereaeeeisesseeeseeenreressssesessssennses 4-1
Bypassing the Floating Point COProCESSOr..........cccvvvveveerirrvereenieeansns 4-2



5 — System Error Handling

6 — On-card Memory Configuration

6.1 Memory CONfIGUIALION. .......ccoveveirvirieeieeeeenerereresnsseresssssseseserssesesens 6-1
6.2 ROM. ettt eetteeeesrie e ssir e s s bateesesenstaaaeses bt ea st e s sssbasssssnsassansnsen 6-1
6.3 ON-CaTA RAM.......oiieieereieieeiecretecneeeess e vevebeseesssaessssssasssssssenssesenss 6-4
6.4 On-card MEMOTY SiZINEG......cccovvererreenrereerieereesriessassessssesessesessssssaennes 6-4
6.5 BUS MEIMOTY ..veviveviveneiiiesveesesessessessessessessessessesnssssasessesessssssesesnsans 6-4
6.6 Physical MEMOTY MaP.........ccvuriemreriivenasiseneseesesesesesesesssessssscssssseseses 6-4
6.7 MEMOTY TiMUNG. c..vvieeeeeirreieretereirerieeiestee et st e e seese st assesesseseesasess 6-6
6.8 NORVOIAUIE RAM ........coceuivireeireieierevererenesennsesseteressesesessssesssssensessssnas 6-7
7 — VMEbus Control

7.1 INEEOAUCTHON. ...ciiiieeiiier ittt eseee s eee e sreressbeneesenaesbaasssneeasnssensane 7-1
7.2 Bus Control SigNals..........coveeeciieciiniieinienicinine e csseesareiaessaesnesseeeans 7-1
7.3 Bus Arbitration and Release..........ccoccceiviievieriiinienieenniennricieeseeeennns 7-4
7.4 Accesses from the VMEbus (Slave Mode)...........cooeveevcreienievesrenenennn, 7-6
7.5 VMEDUS INEEITUPLS ....eeimiereieniee ceiereeniiere st e s seesnesresss e ene e 7-12

7.5.1 Interrupter Module Operation..........ccc.cecevveriencrnvnienrenns 7-12

7.5.2  Interrupt Handler Operation ..........cooveeierenveninieeniinnennens 7-13
7.6 SYSFAIL Control...........cc.oeeeeen. e ereeee et eaeerre it e e e eearararee s et eaeesareeras 7-14
7.7 Bus Addressing (Master Mode) ......oeoviivieenieerieriiecnes s 7-14
7.8 MailDOX INEIACE ....ovevivreieciiieitcireer et ere e eae e ressas e esseresns 7-15
7.9 Watchdog and Bus TIMET........c.cccvievevvveeeierieie e ereeevesisenesreneas 7-16

7.9.1  On-card Watchdog TiMmer.......ccoceevvveirriiencnrsineerseeeesinens 7-16

7.9.2  VMEDUS TIMEI......ciiciieiiciiiceeeeccctreeecee e cireesnneesneeesenaeeseees 7-16
7.10  Bus Control JUMPETIS.......cccvueivmernniieiiencniniiieeienesnsisseseeeies 7-17
711  VMEDUS INEIfACe ..ottt 7-17
7.12 VMEDbus Pin Assignments, P1........ocooeviiiininiccricnccct e, 7-18
7.13 VMEbus Pin Assignments, P2........occoceevviiiiniinioneeiineencnnennnseranneeas 7-19

8 — 7-segment Display

9 — CI10 Impiementation

9.1
9.2
93
9.4
9.5
9.6
9.7
9.8

INEFOAUCHION. ....eviciieiiieteeiiete e cectesat et e e eeteeeetesraaee st s ersaesnessasasinsnsenes 9-1
Port A Bit Definition .........cccoiieveiiiciiieneieeseeie e seescaeee e 9-1
Port B Bit Definition .........cooiieeieiiieieieiieicceee e 9-2
Port C Bit Defilition ......iccceeivviicriiieiieressieeeie e sveere e enen e 9-2
COUNLET/TIMETS .....cvivcvieeeceeeeee et ce e eae et be et et et ssesesannes 9-3
Register Address Summary (CIO).........ccouevereuvieeeniencrnrnerirereeserenies 9-3
CIO InitialiZation ... c.cueeuveiveeerierieetee e e ettt es i enae s 9-3
CIO Programming HintS.........ccc.ccooiiiiiienncninieniicccneeecenieie e 9-5

HK68/V3D User's Manual



10 — Serial 1/0

10.1
10.2
10.3
10.4
10.5
10.6
10.7
10.8
10.9
10.10

INUOAUCHON ..ttt sae s ean e e e saeste s bens 10-1
RS-232 Pin ASSIGAMENLS .........oonverrvsersiereeeeeeeeeseeeereosemeseeseeeseeesseee 10-1
Signal Naming Conventions (RS-232).........ccccoeuieriiercnivenrecsuennans 10-3
Connector CONVENUOMS.........ccceererrrerseerrneerenerererressesenteressssesasaseeses 10-4
SCC Intialization SEQUENCE.........cccvveeeeereirnereeresenreceeraereeessanseesanees 10-6
Port AAdress SUMMATY ..........vevvererenieririeieeenerereseseennssreesessesesesens 10-6
Baud Rate CONSIANLS.......cooeeveeererierrerereacseeniesssesessesaesnsesssssessosenss 10-6
RS-422 OPEratioN.....c.ccooveiruerentrreneeereentrseeereseenesesessesaeneseesesseneessaeas 10-7
Relevant Jumpers (Serial I/O).......occovivevnircnninincninrnnnininenaens 10-7
Serial I/O Cable......cuoiioeieiiieiieieceeeieeett ettt ea e e e e e e e s taesaesree s 10-8

11 Optional SCSI Port

11.1
11.2
11.3
11.4
115

INITOAUCHON ..cviiiiiiiiiciiicie ettt st eee e e e 11-1
SCSI Implementation NOES .........ccccceiiiiimiiiiiiicietreeitesre e 11-1
Register Address Summary (SCSI) ......cccoocievieiierveeniniinneecerce e 11-2
SCSI POIt PINOULS ......vvetieeiiiieeeeicieeeceeessieseesssiaeeeessessae e easssennesenennes 11-2
SCSI Bus Termination...........covieenervreenieneenneeneienieeeeeeesneesienassvenaens 11-4

12 — Optional Ethernet Interface

12.1

12.2

123

124
12,5

12.6
12.7
12.8

129

12.10
12.11

Revision A (Preliminary) / June 1991

INEOAUCHON .....ooiiiiiiiiieiti ettt eeee e res et ste e st a e bt e e e eennnes 12-1
12.1.1 Network Interface Controller (82596CA)...........coceveuenen.. 12-1
12.1.2 Serial Network Interface (82C501AD) ........cocoovvvvricivnrnnne. 12-1
Ethernet Address.......ccooeevieeieieecnencnns eereree e eeesrnrraesesenaaeaaeeas e 12-2
12.2.1 Verifying the Ethernet Address...........cceevvevvvereeericveenene 12-2
12.2.2 Ethernet Address on the HK68/V3D.........ccccccevveuevennnnne. 12-3
82596CA Implementation on the HK68/V3D...........c.cccoeuivvereninnn. 12-3
12.3.1 82596CA Configuration on the HK68/V3D....................... 12-3
12.3.2 82596CA Parameter SElections............ceeveeereevenernievenenan. 12-3
Byte Ordering ......c.coceeeiirierinirenenienenreesenascietes e sseseneersssssessaasens 12-5
Ethernet ACCESS......cuerimreniieveerieereeeerereneasreen s eeereaetaeaneeeraaenraaan 12-5
12.5.1 PO ACCESS....eneevveeeneeeeveetiereneneesreesssensesesssnssessssssaensasosnes 12-6
12.5.2 Channel AUENtiON ........covceiiveriiniesiieeeeieereesene it earereas 12-7
SYSBUS Byte of the System Configuration Pointer ....................... 12-8
Recommended Initialization ...........ccoeeeviieviiiccnei e 12-9
Addresses of Ethernet FUNCHONS .........c..coccvveeieceeinicee i 12-9
12.8.1  INIEITUPLS...coumiiiiiiririiieeiee e e e et e e st e s e tesenesssseseneas 12-11
Exception Conditions ...........ccccvervirneciciesienieenineeceeieeeeee s 12-13
Ethernet JUMPET «.....cooooiiiiiiiiieniete ettt es e sv e 12-14
Ethernet Port Pin Assignments, P4 .........c.cccoeeveiecieiiicreccieeeeene 12-14
v



vi

13 — Optional Real-Time Clock (RTC)

13.1
13.2
13.3
13.4
13.5
13.6
13.7
13.8
13.9

INErOAUCHON. ..cecererieniir ettt esesniss st st e ressare e eenees 13-1
Reading and Setting the RTC........cocoveerirmeninieniimneeiereeeiereeecenves 13-2
Pin ASSIZNMENLS ....coveerinreieeinierereeerieerrenrerteresensesssseessseseenessesssesesses 13-4
RTC OPEration .....c.ccueveuierieeninerieeeereserenencaterestorenssneseseessesesseseessenens 13-4
Nonvolatile Controller Operation......cc..c.ccvevveverervineeencrsrerrucccrennacs 13-6
RTC REGISIELS......uiuvereneetrreeniseersisereresseseneessnessencssasasssssessssensessessssens 13-6
AM-PM/12/24 MO .......ccoviiieresireerteenticesenceeeeecerees e eenesnenens 13-6
Oscillator and ReSEt BilS........covevviereveererineerineereneseesessssessesesereneonaes 13-6
ZErO BilS...coviiiiiiiiiiiiiiiir e 13-7

14 — Hardware Summary

14.1
14.2
14.3
14.4
14.5
14.6

Software Initialization SUMMATY.......c.ccoooimirivrnicciiencreieee e 14-1
On-card 1/O AdAIesSes. ......cccevvuireeerererrneerierienescreneeeresenseeessenees 14-2
Hardware Configuration JUMPErS ........ccccovvivirecncicinrenincniccinne. 14-3
POWEr REQUITEMENES .......cvirrerrieeeeeeecurneieteeeesenesea e seseeeeseesesenes 14-6
Environmental REQUITEMENTS ......cccceevvieinierierennencneeeeieeeseeesreaees 14-6
Mechanical SPECifications ............cccvvinernreiniiniiisne 14-6

Appendix A — The HKG68/V3D Monitor

Appendix B — Code Examples

Appendix C — NVRAM Information

Index

HK68/V3D User's Manual



Figures

Figure 1-1 Component Map ...ttt et ceerere e 1-3
Figure 1-2  HK68/V3D Block Diagram ........... et s e eeseeenes 1-5
Figure 1-3 Front Pane€l.........coovveviievieeinenicnercenenneceeeeeseeneeeseseesseesnennes 1-7
Figure 2-1 Location of Serial NUMDETS ........ccoveiiivcciinirncnincincrceinnens 2-1
Figure 2-2  Guide to Jumper LOCations..........ccoeviineiininiiiniininininnincnnenas 24
Figure 2-3  The HK68/V3D Configured as

VMEbus System Controller via Jumpers J14-J18.................... 29
Figure 2-4  The HK68/V3D Not Configured as

VMEbus System Controller Via Jumpers J14-J18.................... 29
Figure 6-1  ROM JUIMPETS ..c.cuerverieuniecnenenetntseesesesescsiesesesesesssesessussessasnsas 6-2
Figure 62  ROM position for 28-pin ROMS........cccc.ceeveemrurremrerercssrineesnnnns 6-3
Figure 6-3  Physical MemMOIry Map.......c.ccoocrervereeeneerniemnenerisnesisescennenanans 6-5
Figure 7-1  Bus Request Jumper Settings, J16 .......ccccceevverenrererrnneerennnennns 7-5
Figure 7-2 Bus Grant Level Jumper Settings, J14, J15, J17, J18 ............... 7-5
Figure 7-3 Slave Window Size Jumper Settings, J21-24...........cccooveenene 7-7
Figure 7-4 Bus Control Latch.......cocoverreiiininiieeeneeeecrieectee e e 7-10
Figure 7-5 Memory Accesses from the VMEDUS.........ccccoceviveerinreceennene 7-11
Figure 7-6  Interrupt Signal ROULNE.......ccevveeenrieraennriiieiennerareeensiesennns 7-14
Figure 7-7 VMEDbus Connectors, P1 and P2..........ccoooveeeiieeeeriirivennnen, 7-17
Figure 8-1 7-se8ment DISPIay........cccocveeiririnerninierieieierenae s eesessenns 8-1
Figure 10-1  Serial Connector, P3........cccvvoiiiiiiriiiceiesteeieeieene et oo eane 10-1
Figure 10-2  Serial Cable........ccioiiiiiiiiiiiiicrie et 10-8
Figure 11-1  SCSI Connector, P2 ......c.cccoormiiiiiiniirntieceeiete s 11-2
Figure 11-2  Location of SCSI Terminating Resistor Networks

ANA FUSE FO ...ttt st 11-4
Figure 12-1 Ethernet Address FOrmMat .......ccooceevivenieienienieneneeeeeeeeinne 12-2
Figure 12-2  Required Settings of the System Configuration

Pointer SYSBUS BYLE .....covveeiieiinirienicinrcrenicrecceeesee e 12-8
Figure 12-3  Ethernet Connector, P4......cccccccivviiiiniiinincenseeneneeeievenene 12-14
Figure 13-1  Real-time Clock Socket.......c.ccocivieiininiicninennenieecnne 13-1
Figure 13-2 RTC Comparison Register Definition ...........ccccocveverievenucnnn. 13-5
Figure 13-3  RTC Register Definition.........ccccvveiiirrevcrereseeeieeereeree e 13-7
Figure 14-1  Jumper LOCAtONS. .....c..ocevcevuerreniriniieirierireites et 14-5

Tables
Table 1-1 Technical References ........occevieieceiiieineeiecceeeeeeievnns 1-8
Table 2-1 Power ReqQUIr€mMEentS........coveiieiiiiiiiiniie ittt ereees 22
Table 2-2 Standard Jumper SEWNgS..........cccovrcrerevereneenreercrcnecesneennnenns 2-4
Table 2-3 ROM SiZ€ OPUONS......coeuerciirnieienieitereenesernesssnessssssessesansesens 26
Table 2-4 Monitor Command SUMMATY ......ccccocceeienieriiereeceeeeneeenneneas 2-13
Revision A (Preliminary) / June 1991 vii



Table 3-1 MPU Interrupt Levels.......cccoeivivriiininininnninnneeninicnenneenene 3-1

Table 3-2 MPU EXCeption VECLOTS........cc.iivuicnieiieieiinisnire s ereseannes 3-3
Table 3-3 Suggested Interrupt VECLOLS......ccceevinreecrreernirceceeeceeennennenaene 3-4
Table 3-4 Device Interrupt Vector Values (Suggested) ..........ccccoerenen... 3-5
Table 3-5 Status LEDS....oooeeeeeeeeereeeeene e eeerette e teesates s aeeteesaaaseseaetens 3-6
Table 3-6a  Front Panel Interface, PS, Output Signals ...........cccovveevurnnee 3-6
Table 3-6b -~ Front Panel Interface, PS, Input Signals..........ccccccceeenemicnnnnee 3-7
Table 3-7 MPU Cache CONUIOL.......cocieevrereeeieierieeseenereneeesesesseesseereeeas 3-7
Table 6-1 ROM Address SUMMATY.......ccccveveurivenienrerennesvennerseiaeseesssasnes 6-1
Table 6-2 ROM Capacity and Jumper POSItiONS ........c.cccerevvreeererircrenens 6-2
Table 6-3 Access Time Required for No Wait States...........ccceccveruevenencee 6-6
Table 6-4 Inserting Wait States into RAM Cycles.........ccccveuermrerrcncncanenns 66
Table 6-5 Nonvolatile RAM AddreSSeS...........covvererermerireneruersessereesnraseens 6-7
Table 6-6 NV-RAM Contents (partial)...........c.covererreerirerrruensseiessiessneneens 6-8
Table 7-1 System Controller FUNCUHONS .........coevverveenrernenieneenieneenseniaenes 7-4
Table 7-2 BUS CONLIOl BilS ......oocuiviirevieeicriereneeeieieeeee et vsaesessesenaneas 76
Table 7-3 Slave Mode Control............ ettt b et st trena 7-6
Table 7-4 Slave Window Size JUMPETS ......ccceeevirveirieecenienereneneeneenneenes 7-7
Table 7-5 Bus Control Latch (VMEbus Slave Logic).......cccccoovvviinirnnnes 79
Table 7-6 Slave Address MOQIfIers .........cocorvvvevveererinenreneieeinerereerenns 7-10
Table 7-7 VMEDbus Interrupter AAAresses ..........ouvvvreevverveinvieieeinneees 7-12
Table 7-8 Interrupt Acknowledge Port Summary.......c.cccceveeneceennnnne 7-13
Table 7-9 VMEDUS REGIONS.......viiiiioreeeiianriee e seenareeneearseecsneesssessnsennns 7-15
Table 7-10  Mailbox CONtIOL ......ooiiiiiiiiiiiieeete et 7-15
Table 7-11  MailbOX FUNCHONS ......c.eoveiririieiriecereeee e sieneeeeessesessasnens 7-15
Table 7-12  Bus Control JUMPETS .......ccocveiirririiireeeeieeereceteeeeessaeessnanee 7-17
Table 7-13 ~ VMEbus Pin Assignments, P1 ........cccoooivnninininnncieeenne 7-18
Table 7-14 ~ VMEDbus Pin Assignments, P2 .........cccoceeviniivnvennrnicreninenes 7-20
Table 8-1 Addresses for the 7-segment Display .......ccccevvevervenienrecennene 8-1
Table 9-1 CIO Port A Bit Definitions ........cccevveeveeeeeeecierieveerrenecneeereene 9-1
Table 9-2 CIO Port B Bit Definitions ........cccccvevveieneerenvirneenrneeesnneeennns 9-2
Table 9-3 CIO Port C Bit Definitions ........cccceevveecreereenvesienreeciieeesernnens 9-2
Table 9-4 CIO Register AdAreSSes .......coevereirerininieeeerenenresniteorsrasrsssaesnes 9-3
Table 10-1a  Port A Serial Port Pin Assignments, P3.............ccccocovvevnenen. 10-2
Table 10-1b  Port B Serial Port Pin Assignments, P3..........cccccevvveevinnenenn 10-2
Table 10-2  Signal Naming Conventions...........c.cecevueeerrerveennrenineeiennne. 10-3
Table 10-3  RS-232 Cable Reversal .........ccccocveeeiceeciiiiniieeeceeeeeeeeees 10-4
Table 10-4  SCC Initialization SEQUENCE .........cocvvverereniiereeiiririerenrenne 10-5
Table 10-5  SCC Register AdAreSses ...........ccoovmecrevveieerereeereereneeereeneenenn. 10-6
Table 10-6  Baud Rate CONSIEANIS.......c.ccoieereieererererereneecnereresnieaessensens 10-7
Table 10-7  Serial I/O JUMPEIS .....occocivuiiirreneieene ettt see e 10-7

viii HK68/V3D User's Manual



Table 11-1
Table 11-2

Table 12-1
Table 12-2
Table 12-3
Table 12-4
Table 12-5
Table 12-6
Table 12-7

Table 13-1
Table 13-2

Table 14-1
Table 14-2
Table 14-3
Table 14-4
Table 14-5

Revision A (Preliminary) / June 19891

SCSI Register Address Summary.........ccocoveeevcveeeevencce e, 11-2
SCSI Pin Assignments, P2 ...c...ccoueevverrnriniinniennicesneierenesnenne 11-3
Ethernet ACCESSES.......ccovvtieriererineeenieneeneieneniesseesareseasmesneesnes 12-5
Port Access Definilion ............ccceeeveeereeeiereeeserescsesessesessssennes 12-6
POIT ACCESSES .....uvveenieeirreiraereereeeesseeeaseraeeenseeesseneanesnaceenseseanss 12-7
SYSBUS Byte Selections.......ccceereeenerecrcnvnemnieenerenseeniiein 12-8
Ethernet Peripheral Addresses............cccceveiiniiininininnnn. 12-10
Transmit Differential Line Configuration (J1).................... 12-14
Ethernet Connector Pin Assignments, P4 ............cccoeueeeee. 12-15
Effect of RTC Installation on Board Height ............cccueee. 13-2
Pin Assignments, Real-Time ClocK.......cccceviioieninnincnnnennns 13-4
AJAress SUMMATY .......ooeiiviieniiiiienieieaneeieeertaeereeseeeeassnenes 14-2
Standard Jumper Settings........coccevieveerireiernenieeeceeieee e 14-3
ROM Siz€ OPUONS.....ccveriieeieeriertrcieereenreeteesienianeresseessesensens 14-4
Power REQUIrEMENIS......cc.oueeruerrieuerirenerireneeereeeesseesesesenereseeeons 14-6
Mechanical Specifications ............cccouecirrierrenineeieieeeeeenenas 14-6
ix






1

Overview

1.1 INTRODUCTION

The HK68/V3D is a VMEbus single-board computer based on the
Motorola 68030. The 68EC030, which has all the features of the
68030 except a memory management unit, can be ordered as an
option. The HK68/V3D is fully VMEbus compatible; it also has
two ports for serial I/O and a control panel interface. SCSI and
Ethernet ports, and the 68882 floating point coprocessor, are
optional.’

1.2 COMPONENTS AND FEATURES

FPU option

RAM

EPROM

Motorola 68030 or 68EC030 microprocessor chip, running at
32 MHz

32-bit internal architecture

32-bit address and data paths

32 address lines

4-gigabyte addressing range

256-byte data cache

256-byte instruction cache

MMU standard (option for 68EC030 MPU without MMU)

Optional 68882 floating point coprocessor
Uses the IEEE-P754 Binary Floating Point Standard

2-, 4-, or 16-megabyte capacity

One parity bit per byte

Uses 256K X 4 or 1024K X 4 DRAMs.
Hardware refresh

Two ROM sockets
2-megabyte total capacity
Page-addressable ROM and EEPROM capability
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NV-RAM Nonvolatile static RAM for programmable functions
256 x 4 configuration
Internal EEPROM
100-year retention
10,000 store cycle lifetime

VMEbus 32-bit addressing (4 gigabyte range)
32-bit data bus, compatible with 8-bit boards
Seven bus interrupts.

Mailbox Allows remote control of the HK68/V3D via specified
VMEbus addresses
MPU halt, reset, interrupt, and on-card bus lock functions

LEDs One 7-segment LED under software control
Three MPU/BUS status LEDs for master, bus (slave), and fail
Two LEDs for Ethernet transmit and receive

Serial 1/0 Two serial I/O ports (Zilog Z8530 Serial Communication
Controller)
Separate baud rate generators for each port
Asynchronous and synchronous modes
RS-232C interface, RS-422 option.

CIO Zilog Z8536 counter/timer and parallel 1/0 unit; three 16-bit
counter/timers
Three parallel ports for on-card control functions

SCSI option ANSI X3T9.2-compatible Small Computer System Interface
(SCSD) controller
Supports up to eight disk drive controllers or other devices.
Synchronous protocol support

Ethernet option Intel 82596CA Ethernet controller
On-chip DMA and memory management to handle Ethernet
transfers without host CPU intervention
Ethernet transfers conform to the IEEE-802.3 or Ethernet 1.0
standard.

RTC option Optional real-time clock module for time-of-day
maintenance
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1.3 FUNCTIONAL DESCRIPTION

Principal functional blocks are shown in Figure 1-2.

The VMEbus provides high throughput for data transfers between
boards or subsystems on the VMEbus, and is the main conduit for
transferring system-level information between processor subsys-
tems.

Revision A (Preliminary) / June 1991
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FIGURE 1-2. HK68/V3D block diagram

- 680300r | @
S| 68EC030 | Q[ 32
CPU © serial
78536 | RS-232 e )
SCC inter- ports
f >
@ 2 ports ace (A&B)
68882
FPP
2 megabytes
. N | EPROM/SRAM
two 32-pin Zg?gs
sockets
DRAM
DRAM
controller | 116 MB < 32 >
parity logic 7-segment
display
nonvolatile bus
RAM control latch
mailbox
VMEbus WD33C93A
interface SCSiI controlter

Revision A (Preliminary) / June 1991



1-6 HK68/V3D User's Manual

1.4 JUMPERS, CONNECTORS, AND SWITCHES

1.4.1 Jumpers

The HK68/V3D has 24 configurable jumpers. Jumpers J91 and J92
are factory-set and should not be altered.
ROM size J5-8 configuration selects ROM size for ROM 0, and J9-12
configuration selects ROM size for ROM1. These jumpers must
be set to match each ROM type.

VMEbus arbitration J14 enables or disables VMEbus bus grant level 3 (BG3).
‘ J15 enables or disables VMEbus bus grant level 2 (BG2).

J17 enables or disables VMEbus bus grant level 1 (BG1).

J18 enables or disables VMEbus bus grant level 0 (BG0).

VMEbus request level J16 selects bus request level. This jumper must be configured
to match the bus arbitration jumpers, as described in
section 7.
VMEbus system reset J19 selects SYSRESET* input to bus or output to bus. Installing
. J19:1-2 selects SYSRESET* input from the VMEbus.
VMEbus ACFAIL* control Install J20 to monitor ACFAIL* from the VMEbus.
VMEDbus slave window size J21-J24 configure address lines A23-A20, as described in
section 7.
VMEbus SYSCIK control Install J25 to drive the VMEbus SYSCLK signal.
VMEbus BCLIR control Install J26 to drive BCLR from the VMEbus.
Serial 1/0 J2 selects +12V or -12V for RS-232. Installing J2:2-3 selects
+12V (true).

J3 is used to configure port A for Ring Indicator or Data
Carrier Detect.

Ethernet J1 selects Ethernet transceiver type. Installing J1 selects full-
step mode (Ethernet 1.0, positive differential voltage).
Removing J1 selects half-step mode (for IEEE-802.3-type
transceivers, for example).

Detailed descriptions of jumpers and standard configurations are
shown in Tables 2-2 and 14-2.

1.4.2 Connectors

P1 and P2 P1 and P2 are standard 96-pin VMEbus connectors. P2 is also
’ used for the optional SCSI interface. ’
P3 P3 is a 34-pin male serial port connector that provides two
RS-232 ports.
P4 Standard 15-pin male connector for the Ethernet option

Revision A (Preliminary) / June 1991
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P5 P5 is the front panel interface. PS is a 14-pin header with a
reset input, an interrupt input, and four output signals that can
be connected to LED cathodes.
1.4.3 Interrupt or Reset Switch

This switch has two settings. Pressing the switch toward the “INT”
side generates an interrupt. Pressing the switch toward the “RST”
side resets the HK68/V3D and also resets the VMEbus if the
HK68/V3D is jumpered as the VMEbus system controller.

-
o
serial I/O port, P3 3 Z
E-NET
Ethernet port, P4 >
- transmit indicator, T ]!
receive indicator, R ]
i
front panel interface port, P5 - sf
E I
bus indicator, B L
master indicator, M 9‘] M
fail indicator, F '
rocker switch for —¢ | & _
board interrupt W programmable
or reset l:] < 7-segment
display
]@
(]

FIGURE 1-3. Front panel
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1.5  OVERVIEW OF THE MANUAL

1.5.1 Terminology and Notation

Throughout this manual byte refers to 8 bits; short refers to 16
bits; word and long word refer to 32 bits; and quad word refers
to 4 long words (that is, 128 bits).

Hexadecimal numbers are shown with a subscript 16 and binary
numbers with a subscript 2.

1.5.2 Additional Technical Information

Additional information is available on the HK68/V3D peripheral
chips, either from the Heurikon sales department or directly from
the chip manufacturers. -

This manual describes Heurikon's implementation of the intelli-
gent components of this board. Further information on basic

operation and programming can be found in the following
documents:

Revision A (Preliminary) / June 1991
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TABLE 1-1

Technical references

Device Number Document HK68/V3D User’s
Manual Section
MPU 68030 MC68030 User's Manual, 2nd ed. (Englewood Cliffs, NJ: 3
Prentice-Hall, 1989). This manual is also available from
Heurikon (part number 001M216).
FPU 68882 MC68881/MC68882 Floating Point Coprocessor User's 5
Manual, 1st ed. (Englewood Cliffs, NJ: Prentice-Hall,
1985). This manual is also available from Heurikon (part
number 001M207).
ClO 28536 Z8036 Z-CI0O/Z8536 CIO Counter/Timer and Parallel I/O 9
Unit Technical Manual (Campbell, CA: Zilog, Inc., 1987).
The user's manual is also available from Heurikon (part
number 001M206).
Serial 28530 28030 Z-bus SCC/Z8530 SCC Serial Communications 10
Interface Controller Technical Manual (Campbell, CA: Zilog, Inc.,
1989). This manual is also available from Heurikon (part
number 001M205).
SCSI WD33C93 WD33C93 Technical Specification. This document is 11
also available from Heurikon (part number 001M2089).
Ethernet 82596CA  Intel 82596CA User's Manual (Intel publication number 12
Interface 296443-001) and Intel 82C501AD Data Sheet. (Not
currently available from Heurikon.)
Real-Time DS1216F Dallas Semiconductor 1990-91 Product Data Book 13
Clock (Dallas, TX: Dallas Semiconductor). (Not currently

available from Heurikon.)

Please contact our Customer Support Department at 1-800-327-
1251 if you have questions. We are prepared to answer general
questions and provide help with documentation and specific

applications.
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Setup and Installation

2.1 INTRODUCTION

The HK68/V3D is a general-purpose board that can be used with a
power supply, card cage, and terminal as a single-board computer
or in a multiprocessor system as a VMEbus slave or master. This
section describes steps that should be taken when the board is
installed.

CAUTION: The HK68/V3D uses the P2 connector for VMEbus power
and extended addressing, and for the optional SCSI
interface. Do not connect P2 to a VSB backplane, or the
HK68/V3D could be damaged.

2.2 UNPACKING

Inspect the board for components that could have loosened during
shipment. Save the antistatic bag and box for future shipping or
storage.

2.3 RECORDING SERIAL NUMBERS

Before you install the HK68/V3D in a card cage or rack, record the
board serial number, the serial number of the operating system, and
the version number of the monitor, in case you need them for refer-
ence by our service department. The board serial number is in-
scribed on the edge of the board (Fig. 2-1) . The version number of
the monitor is labelled on the monitor ROM, and the serial number
of the operating system is labelled on the ROM or tape case.

monitor version number

serial number HK68/V3D serial number:

Operating system serial number:

Monitor version:

Location of serial numbers
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2.4 PROVIDING POWER

Be sure the power supply is sufficient for the board. The HK68/V3D
requires about 35 watts maximum. Power requirements for the
HK68/V3D are shown in Table 2-1.

TABLE 2-1

Power requirements

Voltage Current Usage

+5 7.0 A, max All logic

+12 20 mA, max Reset timing, RS-232 interface

-12 20 mA, max RS-232 interface

Note: All of the “+5” and “Gnd” pins on P1 and P2 must be connected

to ensure proper operation. P2 contains power pins for the
VMEDbus.

2.5  RESERVING SPACE

The board is a 6U board, 6.299” H x 9.187” W x 0.6” D (233.35 mm
W X 160 mm L x 15.25 mm D), that occupies a single slot in a
VMEDbus card cage. If the board is the VMEbus system controller, it
should be installed in the first slot.

2.6 PROVIDING AIR FLOW

CAUTION: High operating temperatures will cause unpredictable
operation. Because of the high chip density, fan cooling is
required for all configurations, even when boards are
placed on extenders.

As with any printed circuit board, be sure that air flow to the board
is adequate. Recommended air flow rate is about 2 to 3 cubic feet
per minute, depending on card cage constraints and other factors.
Operating temperature is specified at 0° to 55° C ambient, as
measured at the board.
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2.7 CHECKING OPERATION

CAUTION:

CAUTION:

You need the following items to set up and use the Heurikon
HK68/V3D.

Heurikon HK68/V3D microcomputer board

Card cage and power supply

Serial interface cable (RS-232)

CRT terminal

Heurikon EPROMs, which include both monitor and bootstrap

ooodod

Do not handle the board unless absolutely necessary.
Ground your body before touching the HK68/V3D board.

All semiconductors should be handled with care. Static
discharges can easily damage the components on the
HKO68/V3D. Keep the board in an antistatic bag whenever
it is out of the system chassis.

Do not install the board in a rack or remove the board
from a rack while power is applied, at risk of damage to
the board.

All products are fully tested before they are shipped from the fac-
tory (please contact us if you would like to have current information
on mean time between failures). When you receive your HK68/V3D,
follow these steps to assure yourself that the system is operational:

Read the monitor manual in Appendix A and the operating system
literature to become familiar with their features and available tools.

Visually inspect the board(s) for components that could have
loosened during shipment. Visually inspect the chassis and all
cables.

Check the jumpers; standard configurations are shown in Figure 2-2
and Table 2-2. The ROM size jumpers are configured to match your
ROM (Table 2-3).

Revision A (Preliminary) / June 1991
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seven-segment Ji J2 J3
LED j ,
osteet P4
-FPI ; ETHERNET P3.SIO
I E]Eml P5 10 e ol@| e il oh]
182596CA sce
7
7
Jo1
Js ; == Jo2
Jo
RE .
Js8 MC68030,PGA
Jo 7
J1o é ROM1 % p
J1
J12 3
Cio J16
D J14
MC68881 J1s
scsi J17
=
J1g
Jot M J25
J22 —
Jz3 —-:OJ’J";——"/PEWE [ [ P1-VME . J26
J24 ] Q @) yAO)
J20
FIGURE 2-2. Guide to jumper locations
TABLE 2-2
Standard jumper settings
Jumper Standard Options Function HK68/V3D
Configuration Manual
Section
J1 Instalied J1 installed: + (positive) idle differential Selects Ethernet 12
voltage on TX lines, full-step mode (for differential voltage
example, for Ethernet 1.0-type transceivers)
J1 removed: 0 idle differential voltage on TX
lines, half-step mode (for example, for IEEE-
802.3-type transceivers)
J2 J2:1-2 False J2:1-2 False (+12V) RS-232 handshaking 10
defaults
J2:2-3 True (-12V)
| J3 J3:1-2 Ring J3:1-2 Ring Indicator Selects Ring Indicator 10
Indicator . . or Data Carrier Detect
J3:2-3 Data Carrier Detect for SCC Port A.

J
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J5-I8 Matches ROMO 2764, 27128, 27256, 27512, 27010, 27020, Selects ROM 0 size
size. See Table 2-3. 27040, 27080, 27513 paged, 2864 R'W (default is 2764)
EEPROM, 2817 R’'W EEPROM

J9-J12 Matches ROM1 2764, 27128, 27256, 27512, 27010, 27020, Selects ROM 1 size
size. See Table 2-3. 27040, 27080, 27513 paged, 2864 R'W (default is 2764)
EEPROM, 2817 R"'W EEPROM
J14,J15, Bus Grant Level 3 Bus Grant Level 3 Selects VMEbus Bus
J17, Grant level
J18 Bus Grant Level 2

Bus Grant Level 1
Bus Grant Level 0

J16 Bus Request Bus Request Level 3 VMEbus arbitration
Level 3) (bus request level 3,
Bus Request Level 2 not system controller)

I 0 Bus Request Level 1
l o)

Bus Request Level 0

J19 J19:1-2 input from  J19:1-2 input from VMEbus Enables VMEbus

VMEbus SYSRESET*
J19:2-3 output to VMEbus

J20 Removed J20 installed: Allows HK68/V3D to respond  ACFAIL* connects to
to ACFAIL" interrupt. VMEbus

J21 removed: HK68/V3D does not respond
to ACFAIL" interrupt.

J21-J24  Matches memory 1, 2, 4, 8, or 16 megabytes VMEbus slave window
size. size

J25 Removed J25 installed: drives SYSCLK Disables SYSCLK
J25 removed: does not drive SYSCLK

J26 Removed J26 installed: HK68/V3D can drive BCLR*.  Disables BCLR".
J26 removed: HK68/V3D cannot drive
BCLR".

Jo1 Factory set for memory configuration.
Do not alter.

Js2 Factory set for memory configuration.
Do not alter.

Revision A (Preliminary) / June 1991
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TABLE 2-3
ROM size options
ROM ROM Capacity Jumper Configuration
Type
2764 64 Kbits (8K x 8) (o] ord
: (c ) JS or J9
27128 128 Kbits (16K x8)  (CHEE)J6 or J10
27513 (610 0)J7 or J11 (either A or B)
paged (o M) J8 or J12
27256 256 Kbits (32K x 8) o]
(c ) J5 or J9
(c W) J6 or J10
(5Tor0)J7 or J11 (either A or B)
(Ml 0)J8 orJi2
27512 512 Kbits (64K x 8) =1
G o)JSord9
(c W) J6 or J10
(5o o) J7 or J11 (either A or B)
(= 0)J8 orJi12
27010 1 Mbits (128K x 8) -1
G N o)J5orJ9
(501 0)J6 or J10 (either A or B)
(o mmm)J7 or J11
(W o) J8 or J12
27020 2 Mbits (256K x 8)
27040 an jg or :JJ?O
. or
, 4 Mbits (512K x 8) (- O ) Y7 or 11
(Bl 0)J8orJdi12
27080 8 Mbits (1M x 8) 1
(c ll 0)J5 or J9
(il )J6 or J10
(mal 0)J7 or J11
(W o) J8 or J12
2864RW gKx8
EEPROM J5 or J9 (any setting)
Jé or J10
J7 or J11 (either A or B)
J8 orJi2
2817RW 2K x8 o]
EEPROM @m o) JSorJ9
C Bm) J6orJi0

Slolo) J7orJi1 (either Aor B)
(c ) J8orJi2
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CAUTION:

Install the HK68/V3D in the VMEbus card cage. Be sure it is seated
firmly.

The HK68/V3D uses the P2 connector for VMEbus power
and extended addressing, and for the optional SCSI
interface. Do not connect P2 to a VSB backplane, or the
HK68/V3D could be damaged.

Connect a CRT terminal to serial port B (port A for the VxWorks
operating system), via connector P3. If you are making your own
cable, refer to the cable drawing in section 10. Be sure all cables are
securely connected.

Set the terminal as follows:

e 9600 baud, full duplex

e Eight data bits (no parity)

e Two stop bits for transmit data

e One stop bit for receive data. If your terminal does not have

separate controls for transmit and receive stop bits, select one
stop bit for poth transmit and receive.

Turn the system on.

Push the system RESET switch.

If you are using the HK68/V3D monitor or VxWorks, a sign-on
message and prompt should appear on the screen. If the prompt
does not appear, check your power supply voltages, EPROM
jumpering, and CRT cabling.

Revision A (Preliminary) / June 1991
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Turn the power off before you remove boards from the card cage.
Reconfigure the jumpers as necessary for your application. See
section 12 for a summary of 1/O device addresses.

When the HK68/V3D communicates with other boards
over the bus:

In a VMEbus system that uses multiple boards, one board must be
system controller. For example, you might want to configure the
HK68/V3D as the system controller in a multiple-board VxWorks
system. If the HK68/V3D is the system controller in your system,
install it in the first slot.

An example configuration of the VMEbus jumpers is shown in
Figure 2-3. Under normal circumstances, the VMEbus system
controller card provides the system bus clock and access timer, and
participates in the arbitration logic. The HK68/V3D includes a bus
timer and single-level VMEbus arbiter logic that is enabled via
jumpers J14, J15, J17, and J18. The example shows jumpers J14, J15,
J17, and J18 configured for VMEbus single-level arbitration with the
HKG68/V3D as system controller.

In the example, SYSRESET is configured as an input via jumper J19,
even though the HK68/V3D is the system controller, when it is
preferable to use an enclosure reset switch for reset. J21-J24 are
configured for a 16-megabyte slave window size. J20 is rarely
installed; if J20 is installed, the HK68/V3D drives ACFAIL.

The system controller board drives the bus clear (BCLR*) signal,
which is used to tell the current bus owner to release control of the
bus for a higher priority requester. This option is controller by
jumper J26 on the HK68/V3D.

When the HKG8/V3D is used as a stand-alone board or is not the
system controller in a multiple-board system:

If the HK68/V3D is not the system controller in your system,
configure the VMEbus jumpers as shown in Figure 2-4. For example,
if the HK68/V3D is the only board in a system, and you are using
the HK68/V3D monitor to configure the board it does not need to
be configured as a system controller. An example configuration of
the VMEbus jumpers is shown in Figure 2-4.

Section 7 contains additional instructions for configuring the
HK68/V3D in a VMEbus system.
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J21
J22
J23
J24

i

P1 - VMEbus

In this example, J21-J24 are configured

for 16-megabyte slave window size.

J1é
In this example, J14-J18 are

J14 configured for VMEbus request level
3 with the HK68/V3D as system

J15 e controlier.

J17

J18

J19 - Install as shown to configure
SYSRESET as an input.

J25 - Install to drive SYSCLK.
J26 - Install to drive BUSCLR.

FIGURE 2-3. The HK68/V3D configured as VMEbus system controller via jumpers J14-J18

J21
J22
J23
Jo4

i

P1 - VMEbus

In this example, J21-J24 are configured

for 16-megabyte slave window size.

J16
In this example, J14-J18 are
J14 configured for VMEbus request level
J15 ‘ 3 and the HK68/V3D notthe system
controller.
J17
J18

J19 - Install as shown to configure
SYSRESET as an input.

J25 - Do not install.
J26 - Do not install.

FIGURE 2-4. The HK68/V3D not configured as VMEbus system controller
via jumpers J14-J18
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9
If you change either ROM, be sure the ROM size jumpers J5-J8 are
set to match the size of ROMO and. jumpers J9-J12 are set to match
the size of ROM1. The possible configurations are shown in
Table 2-2.

10

If your HK68/V3D has the optional SCSI interface and the
HK68/V3D is at the end of a SCSI cable, install resistor networks
RN29. RN30, and RN31, which are socketed SCSI terminators located
next to connector P2 (Fig. 1-1). The SCSI specification requires that
the bus be terminated at both ends of the cable, so RN29, RN30,
and RN31 should be installed only if the HK68/V3D is at an end of
the SCSI interface cable. See section 11 for details.

2.8 TROUBLESHOOTING AND SERVICE INFORMATION

In case of difficulty, use this checklist:
0 Be sure the system is not overheating,
O Inspect the power cables and connectors.

O If you are using the monitor program, run the diagnostics
by executing the monitor command testmem.

O Check your power supply for proper DC voltages. If pos-
sible, use an oscilloscope to look for excessive power sup-
ply ripple or noise. Note that P2 contains power and
ground pins for VMEbus. P2 must be used to meet the
power specifications.

O Check the chips to be sure they are firmly in place. Look
for chips with bent or broken pins. In particular, check the
EPROM.

(0 Check your terminal switches and cables. Be sure the P3
connector is secure. If you have made your own cables, pay
particular attention to the cable drawing in section 10.

O Check the jumpers to be sure your board is configured
properly. Check the ROM jumpers, especially.

O The HK68/V3D monitor uses an on-card EEPROM to con-
figure and set the baud rates for its console port. The lack
of a prompt might be caused by incorrect terminal settings,
an incorrect configuration of the EEPROM, or a malfunc-
tioning EEPROM. Try holding down the H character during
reset to abort autoboot from the EEPROM. If the prompt
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comes up, the EEPROM was most likely configured incor-
rectly. Type nvdisplay to check the monitor configuration.
For more information about the way the EEPROM
configures the console port baud rates, refer to Appendix A.

O After you have checked all of the above items, call our
Factory Service Department at 1-800-327-1251 for help.
Please have the following information handy:

+ The monitor program revision level (labelled on the
monitor EPROM)
¢ The serial number of the operating system.
e The HK68/V3D p.c.b. serial number (inscribed along the
card edge).
¢ Whether your board has been customized for options such
as processor speed or configuration for networking and
peripherals.
If you plan to return the board to Heurikon for service, contact
our Customer Service Department to obtain a Return
Merchandise Authorization (RMA) number. We will ask you to
list which items you are returning and the board serial number,
plus your purchase order number and billing information if your
HK68/V3D is out of warranty. If you return the board, be sure to
enclose it in an antistatic bag, such as the one in which it was
originally shipped. Send it prepaid to:

Heurikon Corporation
Factory Service Department
8310 Excelsior Drive
Madison, WI 53717

RMA#
Please put the RMA number on the outside of the package so we

can handle your problem efficiently. Our service department cannot
accept material received without an RMA number.

Revision A (Preliminary) / June 1991
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-
HK68/V3D Power Up Serial Test  PASSED
HKX68/V3ID Power Up Memory Test  PASSED
Copyright Heurikon Corp., 1991
Created: Fri Mar & 08:54:12 1991

wwv V3D Debug Monitor
wwv Heurikon Corp.
v Version 1.X
v VVVVVVVVVVYVVVVVV VYV VVVVVUVV VYV VY
v vwv
v VYV XKXKARXXRXXK XAXXXXXXX

xX XX xx
YWV VWV KXXXXXXRXXKX XX xx
vvvvv xR xx xx

wv

V3D{1.X

. J/

MONITOR SUMMARY

An EPROM-based debug-monitor/bootstrap for the HK68/V3D is
available as an option. The monitor allows you to access almost
all of the hardware registers on the HK68/V3D. You can
configure the master and slave bus interface registers, console
port, and download port with the monitor.

' General functions include the capability to:

e Manually download data or 68030 program code.
¢ Check the processor, memory, VMEbus and I/O devices.

¢ Execute a bootstrap (for example, boot an operating
system).

The monitor uses the area between 0000,0000,, and 0001,0000,, for
stack and uninitialized-data space. Any writes to that area can cause
unpredictable operation of the monitor. The monitor initializes this
area (that is, writes to i) to prevent parity errors, but it is left up to
the programmer to initialize any other memory areas that are
accessed.

Help

Help memmap

Help functions

Command editor

Command history

Type help to view a summary of the monitor. There is an on-
line reference for using monitor commands, the command line
editor, and the board memory map. Additional help is available
for specific commands; type help and the command name for
details.

Type help memmap to view the memory map for the
HK68/V3D. :

Type help functions to view a list of functions that the
monitor commands call. The functions can be used directly
from the command line. It's better to use the monitor
commands in most cases, because calling the functions directly
from the command line bypasses argument checking.

The monitor provides a command line editor that uses typical
UNIX® vi editing commands. You can edit any command line
you type. Press the ESC key from the command line to start the
editor. Type help editor to access an on-line description of the
editor.

The monitor maintains a command history. Press the ESC key
from the command line to access the history. Then press K or -
to find previous commands. Press J or + to find subsequent
commands. Up to 50 command lines can be accessed for reuse.

Table 2-3 is a summary of monitor commands. A full description of
the monitor and a command reference are in Appendix A.
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TABLE 24
Monitor command summary
Help commands
help commands help editor help functions help memmap
Booting up
bootbus bootrom bootserial
Manipulating memory
checksummem displaymem findstr writemem
clearmem fillmem readmem writestr
cmpmem findmem setmem
copymem findnotmem swapmem
Manipulating nonvolatile memory (NVRAM)
nvdisplay nvinit nvopen nvset nvupdate
Downloading and executing host applications
call download transmode
Debugging applications
disassemble dumpregs exectrace settrace step

Checking arbiter status and displaying Ethernet ID
prstatus

Controlling VMEDbus slave access

slavedis
slaveenable
Controlling the timer
starttimer stoptimer
Testing local and external RAM
testmem
Viewing and setting the date
date setdate
Calculating with hex, decimal, octal, or binary integers
add sub mul div rand
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MPU

3.1 INTRODUCTION

This section details some of the important features of the 68030
MPU chip and, in particular, features that are specific to its
implementation on the Heurikon HK68/V3D.

3.2 MPU INTERRUPTS

The MPU can internally set an interrupt priority level in such a
way that interrupts of a lower priority will not be honored. In-
terrupt level seven, however, cannot be masked off.

TABLE 3-1

MPU interrupt levels

Level Interrupt (bus) Interrupt (on-card)

7 IRQ7 Parity error, highest priority, non-
maskable, autovectored

6 IRQ6 CIO (vectored) (sub-priority: timer 3,
port A, timer 2, port B, timer 1)

5 IRQS unused

4 IRQ4 SCSI (autovectored)

3 IRQ3 unused

2 IRQ2 SCC (vectored) (sub-priority: ports A
and B) (sub-sub-priority: rcv ready, tx
ready, status change)

1 IRQ1 Ethernet (autovectored)

0 ldle, no interrupt

When an interrupt is recognized by the MPU, the current instruc-
tion is completed and an interrupt acknowledge sequence is initi-
ated, whose purpose is to acquire an interrupt vector from the in-
terrupting device. The vector number is used to select one of 256
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exception vectors located in reserved memory locations (see sec-
tion 3.3 for a listing.) The exception vector specifies the address
of the interrupt service routine.

If there are two interrupts pending at the same level, the on-card
device is serviced before the bus interrupt. The VMEbus interrupts
are masked on and off via the CIO. Refer to sections 10 and 9.4.

The SCC and CIO devices on the HK68/V3D are capable of
generating more than one vector, depending on the particular
condition which caused the interrupt. This significantly reduces
the time required to service the interrupt because the program
does not have to rigorously test for the interrupt cause. Section 7.5
has more information on the HK68/V3D interrupt logic. The
VMEbus interrupts are vectored; the vector is automatically read
from the interrupting device.

3.3 MPU EXCEPTION VECTORS

Exception vectors are memory locations from which the MPU
fetches the address of a routine to handle an exception
(interrupt). All exception vectors are two words long (four bytes),
except for the reset vector which is four words. The listing below
shows the vector space as it appears to the Heurikon HK68/V3D
MPU. It varies slightly from the 68030 MPU manual listing due to
particular implementations on the HK68/V3D board. Refer to the
MPU documentation for more details. The vector table normally
occupies the first 1024 bytes of RAM, but may be moved to other
locations under software control. Unused vector positions may be
used for other purposes (e.g., code or data) or point to an error
routine.
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TABLE 3-2
MPU exception vectors

Vector Address Offset Assignment

0 000 Reset: Initial SSP (Supervisor Stack
Pointer)

1 004 Reset: Initial PC (Supervisor Program
Counter)

2 008 Bus Error (Watchdog Timer, MMU
Fauti)

3 00C Address Error

4 010 lllegal Instruction

5 014 Divide by Zero

6 018 CHK Instruction (register bounds)

7 01C TRAPV Instruction (overflow)

8 020 Privilege Violation (STOP, RESET,
RTE, etc)

9 024 Trace (Program development tool)

10 028 Instruction Group 1010 Emulator

1 02C FPP Coprocessor not present

12 030 (reserved)

13 034 FPP Coprocessor Protocol Violation

14 038 Format Error

15 03C Uninitialized Interrupt

16-23 040-05F (reserved-8)

24 060 Spurious Interrupt, not used

25 064 Level 1 autovector, VSB

26 068 Level 2 autovector, not used

27 06C Level 3 autovector, not used

28 070 Level 4 autovector, SCSI interrupt

29 074 Level 5 autovector, not used

30 078 ~ Level 6 autovector, not used

31 07C Level 7 autovector, parity error,
ACFAIL

32-47 080-0BF TRAP Instruction Vectors (16)

48-54 0C0-0DB FPP Exceptions (8)

55-63 ODC-OFF (reserved-8)

64-255 100-3FF User Interrupt Vectors (192)
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Note:

Autovectoring is used for the parity error, SCSI and VSB inter-
rupts. Interrupts from all other devices can be programmed to
provide a vector number (which would likely point into the "User
Interrupt Vector" area, above). VMEbus interrupts (IRQ1 - IRQ7)
are vectored,; the vector is supplied by the interrupting device

over the VMEbus.

The following table gives suggested interrupt vectors for each of
the possible (on-card) device interrupts which could occur. Note
that the listing is in order of interrupt priority, highest priority

first.

The ACFAIL line is connected to the VMEbus and can cause a

false level of interrupts if there is no power module monitor. For
this reason jumper J20 has been provided to allow ACFAIL to be
monitored only if the shunt is installed (see the jumper diagram

in section 12).

TABLE 3-3
Suggested interrupt vectors
Level Vector Device Condition
7 31 Parity err./ACFAIL autovectored
interrupt
6 96 Clo Timer 3
79 Cio External Interrupt (P6-11)
77 EEPROM 1 Ready
75 EEPROM 0 Ready
73 Mailbox Interrupt
69 VME Interrupt in Progress
67, 65
98 ClOo Timer 2
76,74
72,70
68, 66
64
100 ClO Timer 1
102 CIlO Timer, error
4 28 SCSi SCSI Interface (autovectored)
92 SCC Port A, Receive character available
94 Port A, Special receive condition
88 Port A, Transmit buffer empty
90 Port A, External/Status change
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84 Port B, Receive character available
86 Port B, Special receive condition
80 Port B, Transmit buffer empty
82 Port B, External/Status change

1 25 Ethernet Ethernet Interface (autovectored)

The suggested interrupt vectors for the CIO and SCC devices take
into account that the lower bit and upper four bits of the vectors
are shared, e.g., all CIO Port A vectors have five bits which are the
same for all interrupt causes.

Each vectored on-card device has interrupt enable and control
bits which allow the actual interrupt priority levels to be modified
under program control by temporarily disabling certain dcvices.

Of course, fewer vectors may be used if the devices are pro-
grammed not to use modified vectors or if interrupts from some
devices are not enabled.

If you want to use the suggested vector numbers in the above
table, the proper values to load into the device vector registers
are:

TABLE 3-4

Device interrupt vector values (suggested)

Device Hexadecimal Value Decimal Value
SCC 1 (Ports A & B): 50, 80

CIO, Port A: 41, 65

CIO, Port B: 40,, 64

ClO, C/T vector: 60, 96

Making your way through the Zilog CIO and SCC manuals in
search of details on the interrupt logic is quite an experience. We
suggest you start with these recommended readings from the CIO
and SCC technical manuals:

Device Item

CIO 78536 Technical Manual
Vector register: section 2.10.1
Bit priorities: section 3.3.2
SCC 278530 Technical Manual
Port priorities: section 3.2.2, table 3-5
Vector register: section 5.1.3
Vectors: section 5.1.10, table 4-3
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3.4 STATUS LEDS

There are three status LEDs which continuously show the state of
the board as follows:

TABLE 3-5

Status LEDs

LED Name Meaning

F Fail The SYSFAILL line is being driven active by this

board.

M Master The HK68/V3D is the master on the VMEbus. It

owns the VMEbus.

B Slave The HK68/V3D is not the VMEbus master. It has
(bus grant given up the local bus, which might be either
acknowledge, VMEbus or Ethernet.

BGACK")

3.5 MONITORING MPU STATUS FROM THE FRONT PANEL INTERFACE

Four status outputs allow remote monitoring of the HK68/V3D
processor. Connections are made through a 14-pin connector, P5.

TABLE 3-6a
Front panel interface, P5, output signals
PS5 pin Name Meaning
2 Supr The MPU is'in the supervisor state.
4 User The MPU is in the user state.
6 not connected
8 Halt The MPU has halted. (Double bus fautt, odd
stack address or the system reset line is
active.)
10 Bus grant The HK68/V3D is being accessed as a slave
acknowledge on the VMEbus.
(BGACK")
11,3579  Vecc _ Vee (+5) volts

The output signals are low when true. Each is suitable for connec-
tion to a LED cathode. An external resistor must be provided for
each output to limit current to 15 milliamps.

Two input signals are also provided on P5 for interrupt and reset.
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TABLE 3-6b

Front panel interface, P5, input signals

P5 pin Name Function

11 INTR* Connected to CIO bit A7, and pull-up Refer to
section 9.2)

12 Gnd

13 RESET* When low, causes a local reset

14 Gnd

A recommended mating connector for P5 is Molex P/N 15-29-
8148.

3.6 MPU CACHE CONTROL

The 68030 caches may be controlled as follows:

TABLE 3-7

MPU cache control

Address Function {write-only)
02B0,0002,, MPU Cache Control

DO = 0, cache disabled (default)
DO = 1, caches enabled

The cache control register in the MPU itself must also be set
properly to enable the MPU caches.

3.7 COPROCESSORS

The HK68/V3D supports a floating point coprocessor, which is
described in section 4.
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Optional Floating Point Coprocessor

4.1 FEATURE SUMMARY

The HK68/V3D allows the use of an optional MC68882 floating
point processor that runs as a coprocessor with the MPU.

The MC68881 frequency may either run at a clock speed of 20
MHz (via the use of a jumper), or it may run at the same speed as
the MPU clock

The MC68882 has the following features:

Allows fully concurrent instruction execution with the main
processor.

Eight general-purpose floating-point data registers, each
supporting a full 80-bit extended-precision real data format (a
64-bit mantissa plus a sign bit, and a 15-bit biased exponent).

A 67-bit ALU to allow very fast calculations, with intermediate
precision greater than the extended-precision format.

A 67-bit barrel shifter for high-speed shifting operations (for
normalizing, etc.)

46 instruction types, including 35 arithmetic operations.

Fully conforms to the IEEE P754 standard, including all re-
quirements and suggestions. Also supports functions not de-
fined by the IEEE standard, including a full set of trigonomet-
ric and logarithmic functions.

Supports seven data types: byte, word, and long integers; sin-
gle, double, and extended-precision real numbers; and packed
binary coded decimal string real numbers.

Efficient mechanisms for procedure calls, context switches,
and interrupt handling.
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FPP programming details are available in the 68882 technical
manual.

4.2 BYPASSING THE FLOATING POINT COPROCESSOR

The HK68/V3D will operate without the floating point chip.
Simply unplug the MC68882 if it is not required. No wires or
jumpers are needed.

If the Watchdog Timer is enabled, the software can determine if
the floating point coprocessor is installed. An attempt to access a
nonexistent floating point coprocessor results in a watchdog
timeout and a bus error, forcing a line 1111 MPU exception,
vector number 11.
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System Error Handling

Many events could cause an error. The responses to these events
are carefully controlled. The following error conditions might
arise during MPU cycles:

Condition

Meaning

RAM Parity

Watchdog Timeout

Incorrect parity was detected during a read cycle from on-card
RAM memory. This may be due to a true parity error (RAM data
changed,) or because the memory location was not initialized
prior to the read and it contained garbage.

Parity errors generate a level 7 autovector interrupt.

A pointer to the parity error handling routine should be loaded at
Vector Base Register offset 00007C,q. Parity checking cannot be
disabled.

During an on-card access or VMEbus slave access, no ac-
knowledge was received within a fixed time interval defined by a
hardware timer (about 100 microseconds). This is usually the
result of no bus device being assigned to the specified address. A
timeout could also occur if an access from the bus is not
terminated by the bus master.

Accesses to the bus (VMEbus only) use the system watchdog timer
and can hang indefinitely if the system watchdog is not enabled
(see section 7.10).

For an on-card bus cycle, the memory cycle is terminated, the
BERR (Bus Error) exception is taken by the MPU and execution
resumes at the location specified by the exception vector.

If an access from the bus was in progress, no BERR exception
occurs.
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Double Bus Fault

Divide by Zero

Privileged Violation

Address Error

Illegal Instruction

Format Error

Line 1111 Emulator

FPP Exceptions

Another bus error occurred during the processing of a previous
bus error, address error or reset exception. This error is the result
of a major software bug or a hardware malfunction. A typical
software bug which could cause this error would be an improperly
initialized stack pointer, which points to an invalid address.

A double bus fault forces the MPU to enter the HALT state.
Processing stops. The HALT status LED lights. The only way out of
this condition is to issue a hardware reset.

The value of the divisor for a divide instruction is zero. The
instruction is aborted and vector 5 is used to transfer to an error
routine.

A program executing in the user state attempled to execute a
privileged instruction. The instruction is not executed. Exception
vector 8 is used to transfer control.

An odd address has been specified for an instruction. The bus
cycle is aborted and vector 3 is used to transfer control.

The bit pattern for the fetched instruction is not legal or is
unimplemented. The instruction is not executed. Exception vector
4, 10 or 11 is used to transfer control.

The format of the stack frame is not correct for an RTE
instruction. The instruction is aborted and exception vector 14 is
used to transfer control.

The FPP or PMMU coprocessor is not present and a coprocessor
instruction was fetched. The instruction is not executed. Exception
vector 11 will be taken.

The FPP coprocessor has detected a data processing error, such
as an overflow or a divide by zero. The FPP causes the MPU to
take one of seven exceptions in the range from 48 to 54.
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On-card Memory Configuration

6.1 INTRODUCTION
The Heurikon HK68/V3D microcomputer can accommodate a va-
riety of RAM and ROM configurations. There are two ROM sockets
for PROM, page-addressable ROM or EEPROM, 36 ZIP RAM
positions, and a nonvolatile RAM. Off-card memory may be
accessed via the VMEbus.

6.2 ROM

Each ROM occupies a fixed 4-megabyte physical address space. At
power-on, the MPU fetches the reset vector from the first eight
locations of ROMO. The reset vector specifies the initial program
counter and status register values. ROM access time must be 250
nanoseconds or less.

TABLE 6-1

ROM address summary

Base Address ROM Component Number
0000,0000,, 0 u70

0040,0000,, 1 uso

Four jumpers for each ROM must be set according to the ROM
type being used (Fig. 6-1). Jumpers JS, J6, J7, and J8 control ROMO
(U70); J9, J10, J11, and J12 control ROM1 (U80). It is possible to use
two ROMs of different types.
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E] M ] P5- FPI
J5 T
J6
J7 B ROMO
Jg MC68030,PGA
J9 ] o V
- . 3 1
J10 ///
J11
J12_]
FIGURE 6-1. ROM jumpers
TABLE 6-2

ROM capacity and jumper positions

PROM ROM Total Jumper Positions (for U70 and U80)
Type Capacity Board
capacity J5 or J9

B

3 J6, J7, J8, J10, J11, J12

AC A B

, J5/J9 J6/J10 J7/d11 JgjJ12

2764 8 kilobytes 16 kilobytes C X B
27128 16 kilobytes 32 kilobytes C B X B
27256 32 kilobytes 64 kilobytes C B X A
27512 64 kilobytes 128 kilobytes B B X A
27010 128 kilobytes 256 kilobytes B X B A
27020 256 kilobytes 512 kilobytes B A B A
27040 512 kilobytes 1 megabyte B A B A
27080 1 megabyte 2 megabytes B A A A
27513 paged 64 kilobytes - 128 kilobytes C B X B
2864 R'W 8 kilobytes 16 kilobytes  x B X B
EEPROM
2817 RW 2 kilobytes 4 kilobytes A B X B
EEPROM
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Each ROM contains consecutive (both even and odd) addresses.
When programming PROMs, do not split even and odd bytes be-
tween the two chips.

Both ROM sockets are 32 pins. If you use a 28-pin device, justify it
so socket pins 1, 2, 31 and 32 are empty. Twenty-four-pin devices
are not supported. The ROM access time must be at most 250
nanoseconds.

32-pin socket

00l
3231

) ) 28-pin
device
12

FIGURE 6-2. ROM position for 28-pin ROMs

The two ROM positions are not contiguous (although a mirror of
the lower ROM will be contiguous with the upper ROM). The best
way to create a contiguous image is to copy the contents of both
ROMs to contiguous RAM areas.

Electrically erasable or paged PROMs may be used. An EEPROM
allows specific addresses to be changed by writing to the ROM.
For writes to the EEPROM, a delay must be provided by the
software between write operations. For the 2864, this delay is 10
milliseconds. The EEPROM Busy/Ready signals are available at
the CIO to facilitate this timing; see section 9.1.

Paged ROMs allow future growth of ROM capacity without adding
address pins. A single device can contain multiple 16-kilobyte
pages. A specific page is selected by writing the page value to the
ROM. For example, to select page three of a 27513, write 03,4 to
address 0000,0000,,.
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6.3 ON-CARD RAM

The HK68/V3D uses 36 ZIP RAM packages, each four bits wide.
There is one parity bit per byte. Standard memory configurations
are 1, 2, 3 and 4 megabytes (4, 8, 12, and 16 megabytes when 4-
megabit DRAMs are available). On-card RAM occupies physical
addresses starting at 0300,0000,.

6.4 ON-CARD MEMORY SIZING

The V3D supports memory sizes ranging from 1 to 16 megabytes.
Accessing nonexistent RAM can cause parity errors, so it is
necessary to initialize and trap on parity interrupts. Use the
following procedure and refer to the example code below:

1. Clear the minimum memory size (1 megabyte) starting at
0300,0000,,.

2. Initialize the parity exception vector to point to a function
that will set a flag indicating a failure.

3. For each 1-megabyte boundary starting a 0310,0000,:

a. Write the long word pattern 1234,5678 at the current
boundary as 4-byte accesses (12 at 0310,0000,¢; 23 at
0310,0001,,, etc.).

b. Read the long word pattern from the current boundary as
a single long word.

c. If the pattern read equals 1234,5678 and the parity error
exception flag is not set, then continue. If not, then return
the current boundary as the top of RAM.

Repeat these steps for 0320,0000,4; 0330,0000,¢ . . . 0340,0000;, to
determine memory size.

6.5 BUS MEMORY

See section 7 for details concerning the bus interface.

6.6 PHYSICAL MEMORY MAP

See section 14.2 for an 1/O device address summary.
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FFFF,FFFF
VMEbus
-~ extended -
address space
0400,0000
RAM
0300,0000
On-card 110
0200,0000
VMEbus
standard
address space
0100,0000
. ~
00CO,FFFF
VMEbus short
address space
00C0,0000
\
VMEbus interrupt vectors
0080,0000
ROM1
0040,0000
ROMO
0000,0000

FIGURE 6-3. Physical memory map

02F0,0000

02E0,0000

02D0,0000

02C0,0000

02B0,0000

02A0,0000

0290,0000

0280,0000

0250,0000

0240,0000

0230,0000

SCC1

Ethernet

clo

mailbox

miscellaneous control bits

bus control latch

VMEbus interrupter

reserved

NVRAM

reserved

SCsSI
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6.7

MEMORY TIMING

The HK68/V3D memory logic has been carefully tuned to give
optimum memory cycle times under a variety of conditions.

The base cycle time for a MC68030 is two clock cycles for a RAM
read or write and one clock cycle for subsequent burst cycles.
Although the MC68030 cannot perform memory accesses any
faster than this, it can be made to perform accesses slower than
this. The following chart shows total access times required to
attain these base cycle times from a RAM interface. It should be
noted that this is the time from address valid to data input setup
of the MC68030, including clock skew and various other factors.

TABLE 6-3
Access time required for no wait states

‘CPU Speed Read Cycle Write Cycle Burst

(MHz) {ns) {ns) Cycle (ns)

32 15 32 32

As Table 6-3 shows, current DRAM technology with access times
in the 60-nanosecond to 150-nanosecond range cannot support
the base transfer rates of the MC68030, and additional cycles must
be inserted in each cycle to meet DRAM access time
requirements. The number of additional clock cycles inserted in
each access depends on both the processor speed and on the
RAM speed. Table 6-4 shows the number of extra cycles or “wait
states” inserted in RAM read or write cycles and burst cycles.

TABLE 6-4
Inserting wait states into RAM cycles

100-nanosecond DRAMS

CPU Speed Read Cycle Write Cycle Burst Cycle
32 MHz 3 3 3-1-1-1
80-nanosecond DRAMS

CPU Speed Read Cycle Write Cycle Burst Cycle
32 MHz 3 2 3-1-1-1
60-nanosecond DRAMS

CPU Speed Read Cycle Write Cycle Burst Cycle
32 MHz 2 2 2-1-1-1

60-nanosecond, 80-nanosecond and 100-nanosecond times are
estimates based on existing 256K x 1 DRAMs.

While the above information is important in comparing the
relative performance of DRAM designs, the performance of
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individual DRAM designs has much less impact on overall system
performance than one might expect. The reason for this is that
the internal cache(s) built into the MC68030 chip is provided to
help decouple the processor from slower speed memories such as
DRAMs. Therefore, the better the job the MC68030 cache is doing,
the less difference in system performance DRAM speed will make.

6.8 NONVOLATILE RAM

A unique feature of the HK68/V3D is its non-volatile RAM
(NVRAM), which allows precious data or system configuration
information to be stored and recovered across power cycles. The
RAM is configured as 256, four-bit words (low half of a byte).
When the MPU reads a byte of data from the NV-AM, the upper
four bits of the value it receives are indeterminate. The NVRAM is
accessible as shown below.

TABLE 6-5

Nonvolatile RAM addresses

Address Mode Function

0250,00xx16 RW Read/write RAM contents (4 bits).

0270,0000:¢ Read Recall RAM contents from nonvolatile memory.
0260,0000+s Write Store RAM contents in nonvolatile memory. The

68030 tas (test and set) instruction must be
used for this operation.

Physically, the NVRAM (an Xicor X2212 or equivalent) consists of
a static RAM overlaid bit-for-bit with a nonvolatile EEPROM. The
store operation takes 10 milliseconds to complete. Recall time is
approximately one microsecond. Allowances for those delays
should be made in software, since the memory hardware does
not stop the MPU during the store or recall cycles. The chip is
rated for 10,000 store cycles, minimum. During a store operation,
only those bits which have been changed are “cycled.” The use of
a tas instruction helps prevent an unintentional store operation
by an errant program or a power failure glitch.

At power-up, the shadow RAM contents are indeterminate. Do a
recall operation before accessing the NVRAM for the first time.
Recall cycles do not affect the device lifetime.

The HK68/V3D monitor and certain system programs use the
NVRAM. The exact amount reserved for Heurikon usage depends
on the system. A major portion of the RAM, however, is available
for customer use. Heurikon usage is summarized below (details are
available separately):
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TABLE 6-6
NV-RAM contents (partial)

Function

Magic number

Checksum

Accumulated number of writes

Board type, serial number and revision level -

Hardware configuration information

Software configuration information

System configuration information
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VMEbus Control

7.1 INTRODUCTION

The control logic for the VMEbus allows numerous bus masters to
share the resources on the bus.

The VMEbus interface uses 32 address lines for a total of 4 giga-
bytes of VMEbus address space, and 32 data lines to support 8-,
16-, 24- or 32-bit data transfers. The “short address” mode, which
uses only 16 address lines, is also supported.

There is an interrupter module as well as an interrupt handler.
Both are capable of utilizing any or all of the seven VMEbus
interrupt lines.

7.2 BUS CONTROL SIGNALS

A01-A15

A16-A23

A24-A31

ACFAIL*

The following signals on connector P1 and P2 are used for the
VMEbus interface. Pin assignments are in section 7.12.

ADDRESS bus (bits 1-15). Three-state address lines that are
used to broadcast a short address.

ADDRESS bus (bits 16-23). Three-state address lines that are
used in conjunction with A01-A15 to broadcast a standard
address.

ADDRESS bus (bits 24-31). Three-state address lines that are
used in conjunction with A01-A23 to broadcast an extended
address.

AC FAILURE. An open-collector signal that indicates that the
AC input to the power supply is no longer being provided or
that the required AC input voltage levels are not being met.
This signal is connected to MPU interrupt level 7.
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AMO-AMS5

AS*

BBSY*

BCLR*

BERR*

BGOIN*-BG3IN*

BGOOUT*-BG30UT*

BRO*-BR3*

D00-D31

DSO*, DS1*

DTACK*

ADDRESS MODIFIER (bits 0-5). Three-state lines that are used
to broadcast information such as address size and cycle type.
These lines are very similar in usage to the function lines on
the MPU.

ADDRESS STROBE. A three-state signal that indicates when a
valid address has been placed on the address bus.

BUS BUSY. An open-collector signal driven low by the
current master to indicate that it is using the bus. When the
master releases this line, the resultant rising edge causes the
arbiter to sample the bus request lines and grant the bus to
the highest priority requester. Early release mode is
supported.

BUS CLEAR. A totem-pole signal generated by an arbiter to
indicate when there is a higher priority request for the bus.
This signal requests the current master to release the bus. This
signal is an input and an output of the HK68/V3D, associated
with J26.

BUS ERROR. An open-collector signal generated by a slave or
bus timer. This signal indicates to the master that the data
transfer was not completed.

BUS GRANT (0-3) IN. Totem-pole signals generated by the
arbiter and requesters. “Bus grant in” and “bus grant out”
signals form bus grant daisy chains. The “bus grant in” signal
indicates, to the board receiving it, that it may use the bus if it
wants.

BUS GRANT (0-3) OUT. Totem-pole signals generated by
requesters. The bus grant out signal indicates to the next
board in the daisy-chain that it may use the bus.

BUS REQUEST (0-3). Open-collector signals generated by
requesters. A low level on one of these lines indicates that a
master needs to use the bus.

DATA BUS. Three-state bidirectional data lines used to
transfer data between masters and slaves.

DATA STROBE ZERQO, ONE. A three-state signal used in
conjunction with LWORD* and A01 to indicate how many
data bytes are being transferred (1, 2, 3, or 4). During a write
cycle, the falling edge of the first data strobe indicates that
valid data are available on the data bus.

DATA TRANSFER ACKNOWLEDGE. An open-collector signal
generated by a slave. The falling edge of this signal indicates
that valid data are available on the data bus during a read
cycle, or that data have been accepted from the data bus

Revision A (Preliminary) / June 1991



VMEbus Control

7-3

IACK*

IACKIN*

IACKOUT*

IRQ1*-IRQ7*

LWORD*

RESERVED

SERCLK

SERDAT*

SYSCLK

SYSFAIL*

during a write cycle. The rising edge indicates when the slave
has released the data bus at the end of a read cycle.

INTERRUPT ACKNOWLEDGE. An open-collector or three-
state signal used by an interrupt handler when it acknowledges
an interrupt request. It is routed, via a backplane signal trace,
to the IACKIN®* pin of slot one, where it forms the beginning
of the IACKIN®*, IACKOUT* daisy-chain.

INTERRUPT ACKNOWLEDGE IN. A totem-pole signal. The
IACKIN® signal indicates to the VMEbus board receiving it
that it is allowed to respond to the interrupt acknowledge
cycle that is in progress if it wants.

INTERRUPT ACKNOWLEDGE OUT. A totem-pole signal. The
IACKIN* and IACKOUT"* signals form a daisy-chain. The
IACKOUT" signal is sent by a board to indicate to the next
board in the daisy-chain that it is allowed to respond to the
interrupt acknowledge cycle that is in progress.

INTERRUPT REQUEST (1-7). Open-collector signals, generated
by an interrupter, that carry interrupt requests. When several
lines are monitored by a single interrupt handler, the line
with the highest number is given the highest priority.

LONGWORD. A three-state signal used in conjunction with
DS0*, DS1*, and A01 to select which byte location(s) within
the 4-byte group are accessed during the data transfer.

RESERVED. A signal line reserved for future VMEbus
enhancements. This line must not be used.

SERIAL CLOCK. A totem-pole signal that is used to
synchronize the data transmission on the VMEbus. This signal
is not implemented on the HK68/V3D.

SERIAL DATA. An open-collector signal that is used for
VMEbus data transmission. Not implemented on the
HK68/V3D.

SYSTEM CLOCK. A totem-pole driven signal that provides a
constant 16-MHz clock signal that is independent of any other
bus timing. This signal is controlled with J25.

SYSTEM FAIL. An open-collector signal that indicates a failure
has occurred in the system. Also used at power-on to indicate
that at least one VMEbus board is still in its power-on
initialization phase. This signal may be generated by any
board on the VMEbus. The HK68/V3D drives this line low at
power-on. It is released by writing a one to address
02B0,000E,.
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SYSRESET* SYSTEM RESET. An open-collector signal that, when low,
causes the system to be reset. This signal is controlled by
jumper J19.

WRITE* WRITE. A three-state signal generated by the MASTER to

indicate whether the data transfer cycle is a read or a write, A
high level indicates a read operation; a low level indicates a
write operation.

+5V STDBY +5 Vdc STANDBY. This line supplies +5 Vdc to devices
requiring battery backup. This signal is not used on the
HK68/V3D. ~

7.3 BUS ARBITRATION AND RELEASE

When the MPU makes a request for VMEbus facilities, the arbi-
tration logic takes over. If necessary, the requesting board enters a
wait state until the bus is available (but only for the maximum
time allowed by the watchdog timer).

Under normal circumstances, the VMEbus system controller card
provides the system bus clock and access timer, and participates
in the arbitration logic. A separate system controller card is not
needed; however. The HK68/V3D includes a bus timer and four-
level (prioritized) VMEbus arbiter logic, enabled via jumpers. The
following table details the system controller functions provided
by the HK68/V3D.

TABLE 7-1

System controller functions
Function Setting
System Clock (SYSCLK?) J25 (install)
System Reset (SYSRESET*) J19:2-3 (output)
Bus Clear (BCLR") J26 (install)

When the HK68/V3D is acting as a system controller, it should be
in the first slot (VMEbus slot 1).

There are four separate bus request lines on the VMEbus. Each
bus request line has an associated bus grant daisy chain.

The following steps must be used to configure the HK68/V3D,
whether or not the HK68/V3D is the system controller. Failure to
follow these instructions could result in incorrect board
operation. '
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1. Decide which level the board will use to request the
VMEDbus.

2. Set the Bus Request jumper, J16, to the chosen level
according to Figure 7-1.

3. Decide if the HK68/V3D will be the system controller on
the VMEDbus.

4. Install J14, J15, J17, and J18 corresponding to the
configuration chosen above. Select the appropriate setting

from the eight legal settings shown for those jumpers in
Figure 7-2. :

Bus Request Level 0

]
Bus Request Level 1

o
Bﬁs Request Level 2 Eo
Bus Request Level 3 io

Note: The Bus Request Level
must match the Bus Grant Level.

FIGURE 7-1. Bus request jumper settings, J16

Bus Bus Bus Bus
Grant Grant Grant Grant
Level 0 Level 1 Level 2 Level 3

HK68N3D is
system controller.

= h =
E B

o
o o o
Bus Bus Bus Bus
Grant Grant Grant Grant

Level 0 Level 1 Level 2 Level 3

HK68/V3D is not
system controller. EE

¥

FIGURE 7-2. Bus grant level jumper settings
J14, J15, J17, and J18
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If the HK68/V3D is the bus master, when the requested bus opera-
tion is completed, the bus will be released according to the state
of two bus control signals, BC1 and BC0. These signals are under
software control.

TABLE 7-2
Bus control bits
BC1 BCO Bus Release Status

0 (0] Release when done. Release the bus after every
operation.

0 1 Release on request. Release the bus if any other
board has a request for the bus (or if BCLR is true).

1 1 Release on priority. Release the bus only if BCLR is
true. This means release only if a higher priority request
is pending.

1 o] No release. Never release the bus, once acquired.

This state can be used to capture the bus.

The bus control bits are set (or reset) by writing to the
appropriate bits of the bus control latch, described below.

7.4 ACCESSES FROM THE VMEbus (SLAVE MODE)

The slave address logic is enabled or disabled by writing the ap-
propriate value to the slave mode control bit, as follows:

TABLE 7-3

Slave mode control

Address Function (write-only)
02B0,000C,, Slave mode enable

DO = 0, slave disable
DO =1, slave enable

When the most significant VMEbus address lines match the slave
compare address and the address modifier matches the slave
address modifier" code, as set in the bus control Latch, a slave
access is recognized. The most significant address lines (A24-A31)
are tested only if the selected address modifier is “extended.” The
base address of the window into on-card RAM is also set by bits in
the bus control latch. The size of the window is specified by J21
through J24 as shown in Figure 7-3 and Table 7-4.
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TABLE 7-4

1MB 2MB

4MB a4MB 16 M8

(cHNEE), (WO (WO
J22 G LONGE. L OB 1 I
Jz (O, OENEN) (D)
J2a (=] =] =L 1] =11 _J S . O

FIGURE 7-3. Slave window size jumper settings

J21-J24

Slave window size jumpers

Slave Window Size

J21 J22 J23 J24 Address Compare Replacement Address

=
1 megabyte B B B B  A20-A31 A20-A23
2 megabytes A B B B  A21-A3t1 A21-A23
4 megabytes A A B B  A22-A31 A22-A23
8 megabytes A A A B  A23-A31 A23 only
16 megabytes A A A A A24-A31 none

A 24-bit latch is used to specify various parameters concerning
the operation of the VMEbus. This is a write-only register. The
default state at power-up is all zeros.

The latch (Fig. 7-4) is composed of three 8-bit shift registers,

which are set as follows:

1. Disable the VMEbus slave logic by writing a zero to address

02B0,000C,.

2. Write a 32-bit long word to the bus control latch at address
02A0,0000,,. This is done by performing eight consecutive
writes to the bus control latch. The data are automatically
shifted into the shift registers. (See the code fragment in

Example 7-1.)

3. Enable the VMEbus slave logic by writing a one to address

02B0,000C,.
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EXAMPLE 7-1. Bus control latch loading routine

#define BUS_LATCH (unsigned long *)0x02A00000
#define SLAVE _ENABLE (unsigned char *)0x02B0000C

WrBusLatch (value)
unsigned long value;
{
int 1i;
*SLAVE_ENABLE = 0; /* disable slave interface */
for (i=0; i<8; i++ ) {
*BUS_LATCH = (value >> i); /* shift in D16, D8 and DO */
}
*SLAVE_ENABLE = 1; /* enable slave interface */
}

EXAMPLE 7-2. Setting the bus control latch with the HK68/V3D monitor

If you are using the HK68/V3D monitor, use the command writemem to
set the bus control latch. In this example, a series of writemem
commands write the value 00380040, to the bus control latch. The effect
of the write is to set the latch as follows:

Set the slave address modifier bits to extended space (32-bit)

Set the bus release mode to release-when-done via bus control bits
BCO and BC1

Set the replacement address to 0 (base of RAM)
Set the slave address to 40000000,

writemem -b 02B0O00OOC O Slave disable

writemem -1 02A00000 O Bits 0, 8, 16 are O.
writemem -1 02A00000 O Bits 1, 9, 17 are 0.
writemem -1 02A00000 0 Bits 2, 10, 18 are O.

writemem -1 02A00000 00010000 1 on DB16 setting bit 19.
writemem -1 02A00000 00010000 1 on DB16 setting bit 20.
writemem -1 02A00000 00010000 1 on DB16 setting bit 21.
writemem -1 02A00000 00000001 1 on DBO setting bit 6.
writemem ~1 02A00000 0 Bits 7, 16, 23 are O.
writemem -b 02B000OC 1 Slave enable
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TABLE 7-5

Bus control latch (VMEbus slave Iogic)
Bit Function

23 (réserved)

22 Indivisible Read Modify Writes
21 Slave Address Modifier 2

20 Slave Address Modifier 1

19 Siave Address Modifier 0

18 VMEbus Slave Release Without Hold
17 Bus Control BC 1

16 Bus Control BC 0

15 Replacement Address 23

14 Replacement Address 22

13 Replacement Address 21

12 Replacement Address 20

11 Slave Compare Address 23

10 Slave Compare Address 22

9 Slave Compare Address 21

8 Slave Compare Address 20

7 Slave Compare Address 31

6 Slave Compare Address 30

5 Slave Compare Address 29

4 Slave Compare Address 28

3 Slave Compare Address 27

2 Slave Compare Address 26

1 Slave Compare Address 25

0 Slave Compare Address 24

Revision A (Preliminary) / June 1991



7-10 HK68/V3D User's Manual

z3z2120|19181716
L1

D16 — ISAMS smz{sAm!smome RWH | BC1{ BCO

15 14 13 11 11 10 9 8

Repiacement | Siave Compar
pacement ave Lompare
D8 —»» 23 D0 | 2820

7 6 5 4]3 2 1 0

Sl‘ C‘ 1 Slal Cl 1
- ave Compare ve Compare
Do 31 ———-28 27 ——————-24

FIGURE 7-4. Bus control latch

The slave address modifier (SAM) is selected by three SAM bits in
the bus control latch according to the following chart:

TABLE 7-6
Slave address modifiers
SAM2 SAM1 SAMO Slave Address Space

0 0 Y No slave access allowed (disable)
(o] 0 1 Standard data

0 1 0 No slave access allowed

0 1 1 Standard (alf)

1 0 0 Extended supervisor data

1 0 1 Extended data

1 1 0 No slave access allowed

1 1 1 Extended (all)

Once a valid bus request has been detected, an on-card bus
request is generated to the MPU. When the current MPU cycle is
completed, the MPU will release the on-card bus. The VMEbus ad-
dress and data are then gated on.

Bit 22 of the bus control latch, when set, allows indivisible read-
modify-writes to the VMEbus. Because the MC68030 asserts RMC
during MMU translation table walks, it is necessary to break up the
cycle to allow VMEbus memory cards to see the cycle as two
separate addresses.

The bus address lines are utilized as shown in Figure 7-4:
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slave

compare replacement
address address
¥ ¥
VMEbus 4 address J:: address 4
compare replacement
ASTR0 ) (A23-A20) Pare | za P (A23-
match
\__ 2 24 RAM
(A‘B-AO) ~ 7 address
f exiended space
( A3TSA24) address compare
slave a‘cfdress match
modifiers
3
-
VMEbus 6
address modifier
a |eepp match
ARREAMO o "l compare logic

FIGURE 7-5. Memory accesses from the VMEbus

For example, if the bus control latch is set to 383050, and J21-J24
are set to select a one megabyte window, then all extended space
accesses from 5000,0000,, through SOOF,FFFF,, are mapped to the

fourth megabyte of on-card RAM at location 0330,0000,;.

After a slave access, control of the on-card bus will not be
returned to the MPU for approximately 500 nanoseconds.
However, if the release-without-hold bit in the bus control latch
(see above) is set, the bus will be returned immediately following
the slave access. This mode can be used to maximize bus
response time to the MPU and DMAC at the expense of having
more overhead on slave accesses. If you expect rapid requests
from the VMEbus, you may not want to use this mode.

The bus timer will automatically terminate any slave access which
lasts longer than 100 microseconds.
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7.5 VMEbus INTERRUPTS

The seven VMEbus interrupts are monitored and controlled by
the MPU and CIO. A vectored interrupt to the MPU can be
generated when a desired bus interrupt signal is on.

There are two functions described below. The interrupter gener-
ates bus interrupts; the interrupt bandler receives interrupts from
the bus.

7.5.1 Interrupter Module Operation

To generate a VMEbus interrupt, follow these steps:

1. Decide which of the seven VMEbus interrupt lines you
wish to activate. IRQ7* has the highest priority.

2. Disable that level via the CIO so that the INTERRUPT
HANDLER does not respond to the interrupt line you are
about to use. If you fail to do this, you could interrupt
yourself.

3. Write an eight bit value to the appropriate VMEbus
Status/ID latch, as described below. This value is usually
treated as a simple interrupt vector, but it could represent
other information as well. This value is provided to the
board that acknowledges the interrupt, which is done by
executing an INTERRUPT ACKNOWLEDGE cycle on the
VMEbus with your priority level encoded on address
lines 1 to 3 (see the Interrupt Handler description, below.)

The very act of writing to the Status/ID latch activates the
INTERRUPTER circuitry, and the interrupt is generated.

TABLE 7-7

VMEbus interrupter addresses

Address Vector Size Function (write-only)
0290,0004,, 8 Interrupt level 1
0290,0008,, 8 Interrupt level 2
0290,000C,, 8 interrupt level 3
0290,0010,, 8 Interrupt level 4
0290,0014,, 8 Interrupt level 5
0290,0018,, 8 Interrupt level 6
0290,001C,, 8 Interrupt level 7

Only one (outgoing) interrupt may be pending at a time.
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The state of the on-card interrupt logic can be tested by the CIO.
The Interrupt Active bit is true whenever an interrupt in still pend-
ing from this board.

7.5.2 Interrupt Handler Operation

Each bus interrupt generates an interrupt to the MPU at a specific
MPU interrupt priority level, as detailed in section 3.2. When an
interrupt is recognized, the MPU will execute an interrupt ac-
knowledge cycle on the VMEbus to read the vector from the inter-
rupting board. This vector is used as an index into the MPU
vector table.

When an interrupt is generated on the VMEbus, the interrupt vec-
tor of the interrupting board may be (manually) determined by
reading from the appropriate address, as shown below. The value
returned is that value written by the interrupting board to its
VMEbus Status/ID latch. Since the MPU automatically does
interrupt acknowledge cycles on the bus, the main use for these
ports is to clear a pending interrupt on the HK68/V3D (or
another VMEbus interrupt source).

The HK68/V3D can generate and read only 8-bit interrupt

vectors.

TABLE 7-8

Interrupt acknowledge port summary
8-bit Vector Address (read-only)
Priority Level

IRQ1 0080,0003,,

IRQ2 0080,0005,,

IRQ3 0080,0007,,

IRQ4 0080,0009,,

IRQS 0080,000B,

IRQ6 0080,000D,,

IRQ7 0080,000F,,

Accessing one of the above addresses also sends an interrupt ac-
knowledge signal to the interrupting board. Acknowledging a non-
existent interrupt will result in a bus error.
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SCsI
VIRQ | P2 l l
7
IRQx M 7 MPU 3
D GATES = » interrupt ——~—P|IPL up,
logic
enables 14
7
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Port B
CIO INT
Port A
On-card T
Interrupt———————————
Sources

FIGURE 7-6. Interrupt signal routing

7.6 SYSFAIL CONTROL

The SYSFAIL line is driven low by the HK68/V3D after power-on.
The SYSFAIL line will remain low on the VMEbus until all boards
release this line after completing their initialization and self test
sequences. The SYSFAIL line also signifies a system failure. The

current state of this signal may be read via the CIO (see section
9.4). '

On the HKG68/V3D, SYSFAIL must be released under software con-
trol. SYSFAIL must be released by writing a one to CIO port C, bit
D1 (see section 9.2).

7.7 BUS ADDRESSING (MASTER MODE)

The HK68/V3D supports three address modes, “short”,
“standard,” and “extended.” Short addresses use the lower 16 log-
ical address lines to specify the target address. Standard addresses
use 24 address lines, and extended addresses use all 32 address
lines. The following table details the relationship between the on-
card physical address and the corresponding VMEbus region.
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TABLE 7-9

VMEbus regions
On-card addresses VMEbus Region
00C0,0000,, through 00CO,FFFF,, VMEbus Short Address (0000, through FFFF )
0100,0000,, through 01FF,FFFF,; " VMEbus Standard (00,0000, through FF,FFFF )
0400,0000,, through FFFF,FFFF,¢ VMEbus Extended (0400,0000,, and up)

7.8 MAILBOX INTERFACE

Certain on-card functions can be controlled via special addresses
in the VMEbus Supervisor Short Address Space, that is, when the
address modifier lines (AM5* to AM0*) are 2D,,. The HK68/V3D
will respond (as a slave) to a short address which matches the
Mailbox select lines, as described below. The mailbox logic must
be enabled by setting the control bit at address 02B0,0004,,.

TABLE 7-10
Mailbox control
Address Function (write-only)
02B0,0004,, Mailbox control
DO = 0, disable (default)
D0 =1, enable
TABLE 7-11
Mailbox functions
Address Function (Slave Mode)
Mbase + 0 CIO input D4 (see section 9.2) (maitbox interrupt)
Mbase + 2 HK&%/V3D reset
Mbase + 4 On-card bus lock on
Mbase + 5 On-card bus lock off
Mbase + 6 MPU halt on
Mbase + 7 MPU halt off

The Mbase value is specified by 13 mailbox base bits in the
mailbox address latch at address 02C0,0000,, (16-bits, write-only).
Address lines A15 through A3 must match the corresponding data
bits in the mailbox address latch. The lower three bits of the latch
are not used.

The lock function, when on, prevents the use of thi on-card bus by
the MPU after the next access from the bus. The lock function
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must be cleared before the MPU is allowed to resume operation.
This feature can be used to reduce arbitration time during a block
data transfer from the VMEbus. With the on-card bus locked, slave
accesses will be acknowledged in 330 to 500 nanoseconds.

The SYSFAIL signal must be off for the mailbox halt function to
operate. (See section 7.6.)

7.9 WATCHDOG AND BUS TIMER

The HK68/V3D has two timers which monitor board activity. One
is used to monitor on-card activity; the other is for the VMEbus.

7.9.1 On-card Watchdog Timer

If the on-card watchdog timer is enabled and if the on-card
physical address strobe stays on longer than 1.67 milliseconds,
the timer will expire. This will cause the current memory cycle to
be terminated. The watchdog timer is disabled by writing a one to
address 02B0,0030,,. The timer is enabled by writing a zero to
address 02B0,0030,; this is the power-on default state.

See section 5.1 for more details on the watchdog timer.

7.9.2 VMEbus Timer

The second timer is associated only with activity on the VMEbus.
The timer will expire during a long bus access (greater than 100
microseconds) by any bus master and generate a VMEbus error
(BERR). This is normally a VMEbus system controller function.

The VMEbus timer is enabled by writing a 1 to address
02B0,0010,;. The default state is disabled.
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7.10 BUS CONTROL JUMPERS

TABLE 7-12

Bus control jumpers

Jumper Function Position

Ji14 Bus Arbitration Level See section 7.3
J15 Bus Arbitration Level See section 7.3
J16 Bus Request Level See section 7.3
J17 Bus Arbitration Level See section 7.3
Ji8 Bus Arbitration Level See section 7.3
J19 SYSRESET* Sew section 7.3
J21 VMEbus Slave Window Size See section 7.4
J22 VMEDbus Slave Window Size See section 7.4
J23 VMEbus Slave Window Size See section 7.4
J24 VMEDbus Slave Window Size See section 7.4
J25 SYSCLK* See section 7.3
J26 BCLR" Ses section 7.3

7.11 VMEBUS INTERFACE

The VMEbus consists of P1 address, data, and control signals. P2
is used for the extended VMFEbus address and data lines as well as
the optional SCSI interface, which is described in section 11 (Fig.

7-7).

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

81 rs:ZI:ZZ:I:ZIIZZZIZ:I:Z:Z:ZZ2:15;‘1

FIGURE 7-7. VMEbus connectors, P1 and P2
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7.12 VMEBUS PIN ASSIGNMENTS, P1

TABLE 7-13

VMEbus pin assignments, P1
P1 Pin Row A Signal Row B Signal Row C Signal

Number Mnemonic Mnemonic Mnemonic
1 Doo BBSY* Do8

2 Dot BCLR* Do9

3 D02 ACFAIL* D10

4 Do3 BGOIN* D11

5 Do4 BGOOUT* - D12

6 Do5 BG1IN* D13

7 Do6 - BG1OUT* D14

8 Do7 BG2IN* D15

9 Gnd BG20OUT* Gnd

10 SYSCLK BG3IN* SYSFAIL*
11 Gnd BG3OUT BERR*
12 DS1* BRo* SYSRESET*
13 DSo* BR1* LWORD*
14 WRITE* BR2* AM5

15 Gnd BR3* A23

16 DTACK* AMO A22

17 Gnd AM1 A21

18 AS* AM2 A20

19 Gnd AM3 A19

20 IACK* Gnd A18

21 IACKIN* SERCLK A17

22 IACKOUT* SERDAT* A16

23 AM4 Gnd A15

24 A07 IRQ7" Al4

25 A06 IRQ6" A13

26 A05 IRQ5* A12

27 AO4 IRQ4" A1

28 A03 IRQ3* A10

29 A02 IRQ2" A09

30 AO1 IRQ1* A08

31 -12v +5VSTDBY +12V

32 +5V +5V +5V
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7.13 P2 VMEbus PIN ASSIGNMENTS

P2 is used for both the VMEbus and the optional SCSI interface.
The center row (B) of pins are the upper address and data lines of
the VMEbus. The outer two rows (A and C) make up the SCSI
interface. The use of P2 is required in order to meet VMEbus
power specifications.
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TABLE 7-14
VMEbus pin assignments, P2

P2 Pin Row A Signal Row B Signal Row C Signal

Number Mnemonic Mnemonic Mnemonic
1 ADOO +5 ADO1

2 AD02 Gnd ADO03

3 ADO4 (reserved) ADO5

4 ADO06 A24 AD07

5 ADO08 A25 ADO09

6 AD10 A26 AD11

7 AD12 A27 AD13

8 AD14 A28 AD15

9 AD16 A29 AD17

10 AD18 A30 AD19

11 AD20 A31 AD21

12 AD22 Gnd AD23

13 AD24 +5 AD25
14 AD26 D16 AD27
15 AD28 D17 AD29

16 AD30 D18 AD31

17 Gnd D19 Gnd

18 IRQ* D20 Gnd

19 DS* D21 Gnd

20 WR* D2 Gnd

21 SPACEO D23 SIZEO
22 SPACE1 Gnd PAS*

23 LOCK* D24 SIZE1
24 ERR* D25 Gnd

25 Gnd D26 ACK*

26 Gnd D27 AC

27 Gnd D28 ASACK1*
28 Gnd D29 ASACKo*
29 Gnd ; D30 CACHE"
30 Gnd D31 WAIT*
31 BGIN* Gnd BUSY*
32 BREQ* +5 BGOUT"
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The 7-segment Display

There is one 7-segment display on the front panel (Fig. 8-1) that
can be programmed (Table 8-2). Writing a zero turns the chosen
segment on; writing a one turns it off. At power-on or after a
system reset, the default character is an H (segments b, ¢, e, f, and
g are on).

£

FIGURE 8-1. 7-segment display

- TABLE 8-1

Addresses for the 7-segment display
Segment Address (write-only)

a 02B0,0010,

b 02B0,0020,,

c 02B0,0030,,

d 02B0,0040,,

e 02B0,0050,,

f 02B0,0060,

g 02B0,0070,,
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ClO Implementation

9.1

INTRODUCTION

The on-card CIO device performs a variety of functions. In addi-
tion to the three 16-bit timers, which may be used to generate in-
terrupts or count events, the CIO has numerous parallel 1/O bits.

The CIO has two independent 8-bit, bidirectional 1/0O ports (ports
A and B) and a 4-bit special-purpose 1/0O port (port C). Data path
polarity (whether bits are inverting or noninverting), data

direction (whether bits are input or output), port configuration
(bit port or handshake port), ones catchers, and open-drain
outputs are programmable for all ports. The configuration and
functions of the ports are programmed by means of the port

specification registers for each port, which are described fully in

the CIO technical manual.

PORT A BIT DEFINITION

TABLE 9-1
CIl0O port A bit definitions

Port A handles various control signals. All bits should be

programmed as inputs.

Bit Function Data Path Interface HKG68/V3D User’s
Polarity Manual Section

D7 External Interrupt Negative True  P5-11 3.3

D6 EEPROM 1 Ready (U80) Positive True  U80-1 6.2

D5 EEPROM 0 Ready (U70) Positive True  U70-16 6.2

D4 Mailbox Interrupt Negative True — 7.8

D3 unused —

D2 VME Interrupt in Progress Negative True — 7.5

D1 SCSI Reset Positive True  P2-A20 11

Do Mailbox Halt Positive True
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Bit D2 may be used to test if there is a pending interrupt still
active from this board. The mailbox interrupt is a pulse, so the
ones catcher should be used for that input bit.

9.3 PORT B BIT DEFINITION

The B port of the CIO is used to handle the Centronics interface
interrupt (input) and generate the VMEbus interrupt mask bits
(outputs).

Internal priorities of the CIO place D7 as highest (DO as lowest)
for simultaneous interrupts from either port.

TABLE 9-2

CIO port B bit definitions
Bit Function Data Path Interface HK68/V3D

Polarity User's Manual
Section
D7 Software Interrupt Negative True Interrupt Switchon 12
front panel

D6 IRQ7 enable Negative True P1 3.2
D5 IRQ6 enable Negative True P1 3.2
D4 IRQS5 enable Negative True P1 3.2
D3 IRQ4 enable Negative True P1 3.2
D2 IRQ3 enable Negative True P1 3.2
D1 IRQ2 enable Negative True P1 3.2
Do IRQ1 enable Negative True P1 3.2

9.4  PORT C BIT DEFINITION

Port C on the CIO chip is used to read four on-card status signals.
SYSOK* turns off the SYSFAIL LED, and it must be true (1) before
you can halt the CPU with the mailbox halt

TABLE 9-3
CI0 Port C bit definitions

Bit Function Data Path Polarity

D3 VMEbus ACFAIL Positive True
D2 VMEbus SYSFAIL* Negative True
D1 VMEbus SYSOK* utility bit - Positive True
Do Port A Ring Indicator Negative True
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9.5 COUNTER/TIMERS

There are three independent, 16-bit counter/timers in the CIO.
For long delays, timers 1 and 2 may be internally linked together
to form a 32-bit counter chain. When programmed as timers, the
following equation may be used to determine the time constant
value for a particular interrupt rate.

TC = 2,457,600 / interrupt rate (in Hz)

When the timer is clocked internally, the count rate is 2.4576 MHz.
The HK68/V3D board uses a 19.6608 MHz clock oscillator as the
system time base. The frequency tolerance specification is £0.01%.
If you are using the 19.6608 MHz clock as the CIO time base, the
maximum accumulative timing error will be about 9 seconds per
day, although the typical error is less than one second per day.
Better long-term accuracy may be achieved via a power line (60
Hz) interrupt, using a bus interrupt or the Real-Time Clock (RTC)
option (see section 13).

9.6 REGISTER ADDRESS SUMMARY (CI0)

TABLE 9-4

ClO register addresses

Register Address Function

Port C, Data 02D0,0001,, Miscellaneous Control Bits
Port B, Data 02D0,0003,, Miscellaneous Control Bits
Port A, Data 02D0,0005,, Miscellaneous Control Bits

Control Registers  02D0,0007,, CIO Configuration and Control

All registers are eight bits wide.

9.7 CIO INITIALIZATION

The following figure shows a typical initialization sequence for the
CIO. The first byte of each data pair in “ciotable” specifies an
internal CIO register; the second byte is the control data. The
specific directions of some of the PIO lines and interrupts need to
be changed in the table, based on your application. An active low
signal can be inverted (so that a “1” is read from the data port
when the signal is true) by initializing the port to invert that
particular bit. Refer to section 3 for information concerning CIO
interrupt vectors.
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EXAMPLE 9-1. CIO program (C portion)

char ¢
0x00,

/* port A initialization */

0x20,
0x22,
0x23,
0x24,
0x25,
0x26,
/* in
0x27,
0x02,
0x08,

/* port B initialization */

0x28,
0x2a,
0x2b,
Ox2c,
0x2d,
Ox2e,
0x2f,
0x03,
0x09,

0x05,
0x06,
0x07,

/* tim
Oxle,
Oxla,
0x1b,
0x04,
0x08,
0x08,
0x01,
0x0c,

0x00,
};

struct
char
char
char
char
}:

iotable([] = {
0x01, O0x00,/* reset,

set chip ptr to reg zero */

0x06, /* bit port, priority encoded vector */
0x9c, /* invert negative true bits */

Oxff, /* all bits are inputs */

0x10, /* one's catcher */

0x00, /* pattern polarity register */

0x00, /* all levels (can't use transitions */

"or priority mode")
0x10,

*/
/* pattern mask, enable mailbox interrupt */

0x41, /* set interrupt vector */
0xcO0, /* set int enable, no int on err */

0x06, /* bit port, priority encoded vector */
0x80, /* invert negative true bit */

0x80, /* one bit is an input */

0x00, /* normal input (no ones catchers) */
oxff, /* bit interrupt on a one */

0x00, /* no transition, levels only */

0x00, /* no interrupts enabled */

0x40, /* set interrupt vector */

0xc0, /* set int enable, no int on err */

/* port ¢ initialization */
0x0f, /* invert negative true bits */
0x0f, /* all bits are inputs */
0x00, /* normal inputs */

er 3 and

other CIO initialization */

0x80, /* set mode to auto reload */

0xal0, /* high byte delay constant */

0x00, /* low byte delay constant */

0x60, /* interrupt vector */

0x20, /* clear any port A ints */

0x20, /* clear any port A ints */

0x9%4, /* enable timer 3, port a and port b */
0xc6, /* set interrupt enable and */

/* gate command bit and trigger cmd bit */

0Ox%e /* master int enable and vector includes */
/* status for timer 3, port A and port B */

cdevice { /* CIO register structure */

dummyO; char cdata;
dummyl; char bdata;
dummy2; char adata;

/* port C */
/* port B */
/* port A */

dummy3; char ctrl; /* control port */

#define CIO ((struct cdevice *)0x02d00000)

cioini
{
int

t(

i, t3intr();

/*Don't forget to set CIO interrupt vectors. Example: */
t(*)) (0x60*4) = (int)t3intr;/* Timer 3 interrupt */
CIO->ctrl; /* assure register sync */

*(in
i =
CIo-

>ctrl = ciotable(0];

/* avoid clr instruction*/
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i = CIO->ctrl;. /* assure register sync */
for (i = 0; i < sizeof(ciotable); i++)
CIO->ctrl = ciotable[i];/* send ciotable to CIO chip
*/

Aintr() /* clear Port A interrupt */
/* one of 8 routines */
{ /* process port A interrupts here */
CIO->ctrl = 0x08; CIO->ctrl = 0x20;
}

Bintr() /* clear Port B interrupt */ /* one of 8 routines */
{ /* process port B interrupts here */

CIO->ctrl = 0x09; CIO->ctrl = 0x20;
}

timer3() /* clear Timer 3 interrupt, get here via t3intr */
{ /* process timer interrupt here */

CIO->ctrl = 0x0c; CIO->ctrl = 0x24;
}

EXAMPLE 9-2. CIO Program example (assembly code portion)

.globl t3intr%, timer3
# the vector at 0x60*4 points to this routine

t3intr%$: movm.l &O0xXFFFF,-(%sp) # save registers

jsr timer3 # to C portion
movm.l (%sp)+,&0XFFFF # restore registers
rte

9.8 Cl10 PROGRAMMING HINTS

1. To maintain compatibility with 68010 programs, do not
use the 68030 clr.b instruction to set a CIO register to
zero. On the 68000 and 68010, that instruction does a
“phantom” read of the port before it does the zero write.
The read operation will upset the CIO internal register
selection sequencer. Similarly, when using a high level
language, do not set a CIO register value to the constant
“0” because the compiler may use a clr.b. Use a variable
which is set to zero, or output the values from a lookup
table. For example:

zero = 0;
*CIOcntrl 0x20;
*CIOcntrl = zero;

2. The ones catchers in a CIO port will be cleared whenever
any bits are changed in the pattern mask register. Avoid
changing the mask register if you are using a ones catcher.
If this is not possible, a program that writes to the pattern
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mask register should first OR the CIO data register into a
memory variable. Later, that memory value can be ORed
with the CIO data register to find out what the data
register would have been if the CIO had not cleared it.
Routines which respond to a ones catcher interrupt must
clear the corresponding bits in the memory value and the
CIO data register. There will still be a critical period
where a fast input pulse could be missed, even when using
this scheme.

3. If you get an unexpected interrupt from bit DO of a CIO
port, it may be because another enabled CIO input signal
went false before the MPU initiated the interrupt
acknowledge cycle. The use of a ones catcher may be
appropriate to latch the input line.

4. If you turn on a bit in the pattern mask register, that bit
will generate an interrupt (if the port is enabled) even if
the input signal is false. To prevent this, disable the port
while adjusting the pattern mask register.

5. The CIO may glitch the parallel port lines when a
hardware reset is done, even if all lines are programmed
as inputs. This may cause a problem in multi-processor
systems because the glitches may produce spurious
ACFAIL and SYSFAIL signals on other (operating) boards.
To prevent this effect, disable the port (via software) prior
to doing a board reset.

Refer to the Z8536 technical manual for more details on
programming the CIO. Some people find the CIO technical
manual difficult to understand. We encourage you to read all of it
twice, before you pass judgment. Especially study sections.2.10.1
and 3.3.2
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Serial 1/0

10.1

INTRODUCTION

There are two RS-232C serial I/O ports on the HK68/V3D board
(Fig. 10-1). Each port may optionally be configured for RS-422
operation with a special interface cable, as described in section
10.8. Each port has a separate baud rate generator and can
operate in asynchronous or synchronous modes.

10.2

RS-232 PIN ASSIGNMENTS

Data transmission conventions are with respect to the external
serial device. The HK68/V3D board is wired as data
communications equipment (DCE). The connector pin
assignments are shown in Table 10-1:

PIN 33 \ P3 / PIN 1
¥ 001508288 300 QR :U—u! /
- 7 o 2 ¢ 5 Do o s 9 0B O ¥ 8O0 n\r

,1‘ va A 1/’
PIN 34 / \ PIN2

FIGURE 10-1. Serial connector, P3
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TABLE 10-1A

Port A serial port pin assignments, P3

P3 Pin "D" Pin RS-232 Direction SCC Pin

Number Function Function

1 2 Port A Tx Data In Rev Data

2 15 Tx Clock In

3 3 Rcv Data Out Tx Data

4 16 (not used)

5 4 Requestto Send * In bcbD

6 17 Rev Clock in

7 5 Clear to Send Out DTR

8 18 Ring Detect In Ring Ind

9 6 Data Set Ready Out RTS

10 19 (not used)

11 7 Gnd Sig Gnd

12 20 Data Terminal In CTS
Ready*

TABLE 10-1B

Port B serial port pin assignments, P3

P3 Pin "D" Pin RS-232 Direction SCC Pin

Number Function Function

13 2 Port B Tx Data In Rev Data

14 15 Tx Clock In

15 3 Rcv Data Out Tx Data

16 16 +12v (via J2)

17 4 Requestto Send * In DCD

18 17 Rev Clock Out

19 5 Clear to Send Out DR

20 18 +5v (via JX)

21 6 Data Set Ready Out RTS

22 19 -12v (via J2)

23 7 Gnd Sig Gnd

24 20 Data Terminal In CTS
Ready*

Note that the interconnect cable from P3 is arranged in such a
manner that the “D” connector pin assignments are correct for
RS-232C conventions. Not all pins on the “D” connectors are
used. Recommended mating connectors are Ansley P/N 609-
5001CE and Molex P/N 15-29-8508.

Revision A (Preliminary) / June 1991



Serial {/O 10-3

Signals indicated with “*” have default pull-up resistors,
controlled by J2. NOTE: The serial ports may appear to be
inoperative if ]2 is set to default “FALSE” and if the device
connected to the port does not drive the DTR and RTS pins
TRUE. The HK68/V3D monitor software, for example, initializes
the SCC channels to respect the state of DTR and RTS. The RI
signals for port A is routed to the CIO. See section 10.9.

10.3 SIGNAL NAMING CONVENTIONS (RS-232)

Since the RS-232 ports are configured as DCE, the naming
convention for the interface signals may be confusing. The
interface signal names are with respect to the terminal device
attached to the port while the SCC pins are with respect to the
SCC as if it, too, is a terminal device. Thus all signal pairs, e.g.,
“RTS” and “CTS,” are switched between the interface connector
and the SCC. For example, “Transmit Data,” P3-1, is the data
transmitted fros: the device to the HK68/V3D board; the data
appear at the SCC receiver as “Received Data.” For the same
reason, the “DTR” and “RTS” interface signals appear as the
“CTS” and “DSR” bits in the SCC, respectively. If you weren't
confused before, you might be by now. Study the chart below and
see if that helps.

TABLE 10-2
Signal naming conventions
SCC Signal Interface Signal Direction
Tx Data Rcv Data to device
Rcv Data Tx Data from device
Tx Clock Rev Clock ' from device (port A)
Tx Clock Rev Clock to device (port B)
Rcev Clock Tx Clock from device
RTS DSR to device
CTS DTR from device
DTR CTS to device
DCD RTS from device
— Ring Indicator from device

The SCC was designed to look like a DTE. Using it as a DCE
creates this nomenclature problem. Of course, if you connect the
HK68/V3D board to a modem (DCE), then the SCC signal names
are correct, however, a cable adapter is needed to properly
connect to the modem. (Three pairs of signals must be reversed.)
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TABLE 10-3
RS-232 cable reversal

SCC Signal P3 Pin "‘D"Pin#at "D"Pin# RS-232 Signal

#s HK68/V3D  at modem
X X 1 1 Protective Ground
Rcv Data 1 2 3 Rev Data
Tx Data 3 3 2 Tx Data
DCD 5 4 6 DSR
RTS 9 6 4 RTS
DTR 7 5 20 DTR
CTS 12 20 5 CTS
Ring Indicator 8 18 22 Ring Indicator
Signal Ground 11 7 7 Signal Ground

Summary: The HK68/V3D may be directly connected to a data
“terminal” device (DTE). A cable reversal is required for a
connection to a DCE device, such as a modem.

10.4 CONNECTOR CONVENTIONS

Paragraph 3.1 of the EIA RS-232-C standard says the following
concerning the mechanical interface between data
communications equipment:

"The female connector shall be associated
with...the data communications equipment... An
extension cable with a male connector shall be
provided with the data terminal equipment...
When additional functions are provided in a
separate unit inserted between the data terminal
equipment and the data communications
equipment, the female connector...shall be
associated with the side of this unit which
interfaces with the data terminal equipment while
the extenmsion cable with the male connector shall
be provided on the side which interfaces with the
data communications equipment.”

Substituting “modem” for “data communications equipment” and
“terminal” for “data terminal equipment” leaves us with the
impression that the modem should have a female connector and
the terminal should have a male.

The Heurikon HK68/V3D microcomputer interface cables are
designed with female “D” connectors, because the serial 1/O ports
are configured as DCE (modems). Terminal manufacturers
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typically have a female connector also, despite the fact that they
are terminals, not modems. Thus, the extension cable used to run
between a terminal and the HK68/V3D (or 2 modem) has male
connectors at both ends.

When you work with RS-232 communications, you might end up
with many types of cable adapters — double males, double
females, double males and females with reversal, or cables with
males and females at both ends. We will be happy to help make
special cables to fit your needs.

10.5

SCC INITIALIZATION SEQUENCE

Table 10-4 shows a typical initialization sequence for the SCC.
This example is for port A. Port B is programmed in the same
manner, substituting the correct control port address.

TABLE 104
SCC initialization sequence

Data Register Adress Function

00 02F0,0003,, (write) Reset SCC register counter

09,Co 02F0,0003,, (write) Force reset (for port A only)

04,4C 02F0,0003,, (write) tAsync mode, x16 clock, 2 stop bits

X

05,EA 02F0,0003,, (write) Tx: RTS, Enable, 8 data bits

03,E1 02F0,0003,, (write) Rcv: Enable, 8 data bits

01,00 02F0,0003,, (write) No Interrupt, Update status

0B,56 02F0,0003,, (write) NotXtaI, Tx & Rev clk internal,BR
ou

0C,baudL 02F0,0003,, (write) Set Low half of baud rate constant

0D,baudH 02F0,0003,, (write) Set high half of baud rate constant

OE,03 02F0,0003,; (write) Null, BR enable

The notation “09,C0” (etc.) means the values 09 (hexadecimal)
and CO should be sent to the specified SCC port. The first byte
selects the internal SCC register; the second byte is the control
data. The above sequence only initializes the ports for standard
asynchronous 1/0 without interrupts. The 'baudL' and 'baudH'
values refer to the low and high halves of the baud rate constant,
which may be determined from the Baud Rate Constants section
below.

For information concerning SCC interrupt vectors, refer to
section 3. Consult the Z8530 technical manual for more details on
SCC programming.

Revision A (Preliminary) / June 1991



10-6

HK68/V3D User's Manual

To maintain compatibility with 68010 programs, do not use the
68030 clr.b instruction to set a SCC register to zero. On the 68000
and 68010, that instruction does a “phantom” read of the port
before it does the zero write. The read operation will upset the
SCC internal register selection sequencer. Similarly, when using a
high level language, do not set a SCC register value to the
constant “0” because the compiler may use a clr.b. Use a variable
that is set to zero, or output the values from a lookup table. For
example, this is correct:

zero = 0;
*SCCcntrl = 0x20;
*SCCentrl = zero;
10.6 PORT ADDRESS SUMMARY
TABLE 10-5
SCC register addresses
Register Port B Port C Port D
Control 02F0,0003,, 02F0,0001,, 02E0,0003,, 02E0,0001,,
" Data 02F0,0007, 02F0,0005,, 02E0,0007,, 02E0,0005,,
All ports are eight bits.
10.7

BAUD RATE CONSTANTS

If the internal SCC baud rate generator logic has been selected,
the actual baud rate must be specified during the SCC
initialization sequence by loading a 16-bit time constant value
into each generator. Table 10-6 lists the values to use for some
common baud rates. Other rates may be generated by applying
the formula given below.
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TABLE 10-6

Baud rate constants

Baud Rate x1 clock rate x16 clock rate
110 22,340 1,394
300 8,190 510
1200 2,046 126
2400 1,022 62
4800 510 30
9600 254 14
19,200 126

38,400 62

The time constant values listed above are computed as follows:
TC = 4,915,200/(2 * baud * factor) — 2

The X16 mode will obtain better results with asynchronous
protocols because the receiver can search for the middle of the
start bit. (In fact, the X1 mode will probably produce frequent
receiver errors.)

The maximum SCC data speed is one megabit per second, using
the X1 clock and synchronous mode. For asynchronous
transmission, the maximum practical rate using the X16 clock is
51,200 baud.

10.8 RS-422 OPERATION

As an option, one or more of the serial ports on the HK68/V3D
may be configured for RS-422 operation. The RS-422 option may
either be installed when the board is ordered, or an existing
HK68/V3D board may be factory-upgradad to add the option.
Please contact Heurikon for more information.

10.9 RELEVANT JUMPERS (SERIAL 1/O)

TABLE 10-7
Serial 1/0 jumpers
Jumper Function Options Standard Configuration
J2 RS-232 ports A and B status default  J2-A (True) J2-A (True)
J2-B (False)
J3 Selects Ring Indicator of Data Carrier  J3:1-2 (RI) J3:2-3 (DCD)
Detect for port A. J3:2-3 (DCD)
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Optional SCSI Port

11.1 INTRODUCTION

The HK68/V3D uses the Western Digital WD33C93 chip to
implement a Small Computer System Interface (SCSD port.

The SCSI port may be used to connect the HK68/V3D with a
variety of peripheral devices, such as memory storage devices and

streamer tape drives.

Supported features and modes include:

. Initiator role
. Target role

. Arbitration

. Disconnect
o Reconnect

11.2 SCSI IMPLEMENTATION NOTES

The SCSI Data Ready signal is routed to the CIO, which can cause
an MPU interrupt. The interrupt from the SCSI chip generates a
level 4 autovector. See MPU exception vectors, section 3.3 for
details. Data transfer functions can be handled in a polled 1/O
mode.
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113 REGISTER ADDRESS SUMMARY (SCSI)

TABLE 11-1

SCSI register address summary

Address R/W Bits Function

0230,0001,¢ w 8 Set Controller Address Register
0230,0001,, R 8 Read Auxiliary Register

0230,0003, RW 8 SCSI Controller Registers
0240,0000,, RW 8 SCSI Data Register (pseudo-DMA)
02B0,0006,, W 1 SCSI Bus Reset (1=reset, O=release)
02B0,0020,, w 1 SCSiI Interrupt Enable (1=enable)

11.4  SCSI PORT PINOUTS

The SCSI option uses rows A and C of connector P2 (Fig. 11-1 and

Table 11-2).
P2
/632 (]
b T R T
B {\-..'..'.'-'....“'....'....”')i L
A32 Al

FIGURE 11-1. SCSI connector, P2

Revision A (Preliminary) / June 1991



Optional SCSI Port

TABLE 11-2
SCS! pin assignments, P2
P2 Pin Row A SCSI Row B Row C
Number Signal VMEbus
Mnemonic Signal
Mnemonic
1 DB(0) +5 Gnd
2 DB(1) Gnd Gnd
3 DB(2) (reserved) Gnd
4 DB(3) A24 Gnd
5 DB(4) A25 Gnd
6 DB(5) A26 Gnd
7 DB(6) A27 Gnd
8 DB(7) A28 Gnd
9 DB(P) A29 Gnd
10 Gnd A30 Gnd
11 Gnd A31 Gnd
12 Gnd Gnd Gnd
13 SCSI_VCC +5 not used
TERMPWR
14 Gnd D16 Gnd
15 Gnd D17 Gnd
16 ATN D18 Gnd
17 Gnd D19 Gnd
18 BSY D20 Gnd
19 ACK D21 Gnd
20 RST D22 Gnd
21 MSG D23 Gnd
22 SEL Gnd Gnd
23 cD D24 Gnd
24 REQ D25 Gnd
25 10 ‘ D26 Gnd
26 Gnd D27 not used
27 Gnd D28 not used
28 Gnd D29 not used
29 Gnd D30 not used
30 Gnd D31 not used
31 not used Gnd not used
32 not used +5 not used
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Recommended mating connectors are [Ansley P/N 609-5001CE
and Molex P/N 15-29-8508].

11.5 SCSI BUS TERMINATION

The HK68/V3D provides the recommended [SCSI-2] termination
of 110 ohms to 2.85 volts.

Resistor networks RN29. RN30, and RN31 are socketed SCSI
terminators located next to connector P2 (Fig. 11-3). The SCSI
specification requires that the bus be terminated at both ends of
the cable, so RN29, RN30, and RN31 should be installed only if the
module is at an end of the SCSI interface cable. Power for the
SCSI termination on the HK68/V3D is taken from the SCSI bus
TERMPWR signal (P2-A13).

MC68881
SCSI
T F6 1A
f AN30 I RN29 | RNaT 1
P2 - VME

FIGURE 11-2. Location of SCSI terminating resistor
networks and fuse F6

The SCSI specification requires that initiators supply power to the
TERMPWR signal. The HK68/V3D drives TERMPWR through fuse
F6 (Fig. 11-3). The HK68/V3D will not drive TERMPWR if the fuse
is removed.
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Optional Ethernet Interface

12.1

INTRODUCTION

The HK68/V3D can be order with an Ethernet interface option,
which consists of a network interface controller and a serial
network interface. The network interface controller is an Intel
82596CA 32-bit local area network coprocessor. The serial network
interface is an 82C501AD encoder/decoder. Together, these
components implement a standard IEEE-802.3 CSMA/CD
10BASES (10-megabit-per-second) Ethernet interface.

12.1.1 Network Interface Controllier (82596CA)

The 82596CA performs complete CSMA/CD Medium Access
Control (MAC) functions according to the IEEE 802.3 indepen-
dently of the CPU. Significant features of the 82596CA include:

On-chip memory management

On-chip DMA with a 32-bit RAM interface
Network statistics collection

Transmit FIFOs and receive FIFOs
Network monitor mode

Self-test diagnostics and loopback mode

12.1.2 Serial Network Interface (82C501AD)

The 82C501AD interfaces the 82596CA to the Ethernet network
and performs the required Manchester encoding and decoding of
the Ethernet signals. Significant features of the 82C501AD include:

Loopback capability for diagnostics

Adaptability to either Ethernet 1.0 or IEEE-802.3 transceivers
via jumper selection. On the HK68/V3D, jumper J1 is used for
this configuration. See section 12.10.
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12.2 ETHERNET ADDRESS

The importance of maintaining a correct Ethernet address for the
HK68/V3D is best expressed by this excerpt from the IEEE docu-
ment entitled Discussion of the Use of 48-bit LAN Globally
Assigned Address Block (12-29-88):

The concept of Global/Universal Addressing is based upon the idea that
all potential members of a network need to have a unique identifier if they
are to exist in a network. The advantage of a Global LAN Address is that a
node with such an address can be attached to any LAN network in the
world with a high degree of assurance that no other node on that network
will share its address. The concept of the 48-bit address scheme origi-
nated with Xerox's ETHERNET, but it is applicable to all equipment meet-
ing IEEE 802 committee address assignment protocol methods, and
equivalent standards.

The Ethernet address for your board is an identifier that gives
your board a unique address on a network and must not be
altered. The address consists of 48 bits divided into two equal
parts. The upper 24 bits define a unique identifier that has been
assigned to Heurikon Corporation by IEEE. The lower 24 bits are
defined by Heurikon Corporation for unique identification of
each of its products.

12.2.1 Verifying the Ethernet Address

For convenience, the binary address is referenced as 12 hexadec-
imal digits, separated into pairs. Each pair represents eight bits.
Heurikon’s identifier is 00 80 F9. Heurikon uses the fourth group
of eight bits as a product code, and the fifth and sixth groups to
identify each board within the product group (Fig. 12-1).

Heurikon
identifier assigned by
IEEE

—

Ethernet Address: 00 80 F9 XX XX XX

1T

Product  Board
Code  Code

I_l_J

Board
identifier assigned by Heurikon

FIGURE 12-1. Ethernet address format
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12.2.2 Ethernet Address on the HKG8/V3D

Each HK68/V3D’s address depends on information stored in
nonvolatile memory. The address assigned to an HK68/V3D has
the following form:

00 80 F9 XX XX XX

where the first three pairs (00 80 F9) are the Heurikon identifier,
the fourth pair (XX) is the identifier for the HK68/V3D product
group, and the fifth and sixth pairs (XX XX) constitute a unique
value assigned to each HK68/V3D. The Ethernet address for your
board is labelled on the 82596CA.

See Appendix A for information on how to read the board’s
address from its nonvolatile memory.

12.3 82596CA IMPLEMENTATION ON THE HK68/V3D

This section summarizes the configuration and limitations of the
82596CA as it is used on the HK68/V3D. Many of the items noted
here are described in greater detail in subsequent sections.

12.3.1 82596CA Configuration on the HK68/V3D

Big-endian Byte Ordering The 82596CA can be configured for use in either big-endian
or little-endian mode.

On the HK68/V3D, the 82596CA is hard wired for big-endian
mode.

32-bit Bus Width The 82596CA can be configured for 32-bit and 16-bit bus
widths.

On the HK68/V3D, the 82596CA is hard wired for 32-bit data
bus operation.

Interrupt Enable The 82596CA interrupt generates a level 1 interrupt vector
(vector 25). The 82596CA itself provides no means to enable
or disable the interrupt, but logic on the board provides that
function.

12.3.2 82596CA Parameter Selections

The shared memory structure between the 82596CA and the
HK68/V3D has four parts: Initialization Root, System Control
Block, Command List, and Receive Frame Area. The Initialization
Root contains the System Configuration Pointer and Intermediate
System Configuration Pointer.
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The System Configuration Pointer points to the Intermediate
System Configuration Pointer, which, in turn, points to the System
Control Block, where the CPU and the 82596CA exchange control
and status information.

The System Configuration Pointer also contains the SYSBUS byte,
which is used to determine addressing mode, bus throttle trigger-
ing method, and interrupt polarity, and to enable locked bus
cycles.

The CPU can access the 82596CA directly via the PORT pin and
CA (Channel Attention) pins. The first CA signal after a valid
RESET causes the 82596CA to read the initialization sequence
beginning either at a-default address or at an alternate System
Configuration Pointer (SCP) address, which can be changed

directly through the PORT access. All subsequent CA signals cause
the 82596CA to execute new command sequences from the System
Control Block.

System Configuration The 82596CA uses a default System Configuration Pointer
Pointer Address address of O0FF,FFF4,,.

For all applications, this address for the System Configuration
Pointer must be changed via a Port command before issuing
the first Channel Attention command.

Addressing Mode The 82596CA supports three operational modes: 82586, 32-bit
segmented, or linear.

On the HK68/V3D, the 82596CA supports linear addressing
mode. Thirty-two-bit segmented mode should also work, but is
not supported by Heurikon on the HK68/V3D. The 82596CA
cannot be used in 82586-compatibility mode. Addressing
mode is set by bits 1 and 2 of the SYSBUS byte of the System
Configuration Pointer.

Bus Throttle Timer The 82596CA is designed to accommodate internal or exter-
nal triggering of the bus throttle timers.

On the HK68/V3D, the BREQ pin of the 82596CA is hard
wired to ground. Therefore, bit 3 of the SYSBUS byte of the
System Configuration Pointer must be 0, to use internal
triggering of the bus throttle timers.

Locked Bus Cycles Locked bus cycles by the 82596CA are supported as an option
for semaphore operations with the HK68/V3D.

Interrupt Polarity Bit 4 of the SYSBUS byte is used to set interrupt polarity ac-
tive high or active low.
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Logic on the HK68/V3D expects the 82596CA interrupt to be
active high, so bit 4 of the SYSBUS byte of the System
Configuration Pointer must be 0,.

124 BYTE ORDERING

The 82596CA supports both big-endian and little-endian byte
ordering. A review of the 82596CA user's manual shows, however,
that the 82596CA is fundamentally a little-endian part with
enhancements to support big-endian byte ordering. (Refer to sec-
tion 1.6.2 for an explanation of big-endian and little-endian byte
ordering.)

On the HK68/V3D, the 82596CA is hard wired to big-endian
mode. As a programming reference, it is helpful to use the big-
endian chapter of the 82596CA user's manual. The 82596 data
sheet is written from a little-endian point of view and can be
confusing when the chip is used in big-endian mode. The big-
endian chapter of the user's manual can be helpful, but it must be
used carefully because it contains many small errors and
inconsistencies.

Programming Note

If all elements that constitute the 82596CA control structures are
defined as 16-bit words, then the same structures definitions may
be used for both big-endian and little-endian modes, and
82596CA driver software should be largely independent of the
mode. :

12.5 ETHERNET ACCESS

The HK68/V3D can communicate with the Ethernet by means of
either Port or CA access, which are summarized in Table 12-1.

TABLE 12-1
Ethernet accesses
Access R/W Address D19-D16 Function
PORT W 02E0,0000,, o Reset the 82596CA.
1 Perform a self test on the 82596CA.
2 Wirite a new SCP address.
3 Dump the 82596CA registers.
CA w 02E0,0004,, X Channel Attention
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12.5.1 Port Access

The 82596CA has a CPU port access interface that allows the CPU
to cause the 82596CA to execute any of the Port functions shown
in Table 12-1.

PORT accesses require four writes on the HK68/V3D. Section

5.3.6.3 of the 82596 User’s Manual says that all PORT accesses
must be 16-bit accesses. Thus, a 32-bit Port command requires two

writes to the 82596CA’s PORT . Table 12-2 shows the order for
writing the upper and lower words and the data lines on which the
command value is transferred. Furthermore, we at Heurikon have
found that it is necessary to repeat the port access, although this
procedure is not documented in the 82596CA user’s manual, for a
total of four writes.

In practice, then, we write the Port command value four times to
the 82596CA’s PORT for a Port command to be executed.

Programming Note

Watch compiler optimization. A succession of four writes to the
same address may be optimized by a compiler to a single write.

TABLE 12-2
Port access definition
First Access Second Access
Big endian D15-D0 > Lower Command Word 'D31-D16 > Upper Command Word

The format to the port commands as given in Table 12-5 of the
Big-endian chapter of the 82596CA User's Manual is fncorrect.
The correct format, shown in Table 12-3 below, swaps the two
halves of the port command long word.
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TABLE 12-3
Port accesses

Address is 02E0,0000,,

Function

.
Reset A15... Don'tcare ..A4 0 0 0 0 A31... Dontcare ...A16
Self-test A15... Self-test ...A4 0 0 0 1 A31... Self-test ...A16
results results
address address
New SCP | A15... Alternate ...A4 0 0 1 0 A31... Alternate ...A16
SCP SCP
address address
Dump A15... Dumparea ...Ad4 0 0 1 1 A31... Dump ...A16
pointer area
pointer

12.5.2 Channel Attention (CA)

Accessing address 02E0,0004,, issues Channel Atteniic:n (CA) to
the 82596CA and causes it to begin executing memory-resident
command blocks. The first CA after a reset forces the 82596CA
into the initialization sequence beginning at location O0FF,FFF4,,
or an alternate SCP address written to the 82596CA using the

PORT access mechanism. All subsequent CAs cause the 82596CA

to begin executing new command sequences (memory-resident
command blocks) from the System Control Block.

Since the default SCP address (00FF,FFF4,y) is not accessible
memory on the HK68/V3D, the Alternate SCP PORT Access
command must be issued prior to the first CA after a reset.
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12.6 SYSBUS BYTE OF THE SYSTEM CONFIGURATION POINTER

The SYSBUS byte (Fig. 12-2 and Table 12-4) is composed of bits
7-0 of the first long word of the System Configuration Pointer.

7 6 5 4 3 2 1 0
0(1]|0|1]0({1|0]0

Not used. Intel requires setting to 0. '
Intel requires setting to 1.

L Not used. Intel requires setting to 0.

Address mode select
Must be setto 0.
Locked cycle enable Bus Throttle Timer setting
Must be set to 0.

FIGURE 12-2. Required settings of the System Configuration Pointer SYSBUS byte

TABLE 124
SYSBUS byte selections
Bit Function Selections Description
0 Not used — This bit must be set to 0,, according to Intel
documentation.
2and 1 Address Mode select 00, = 82586 mode The HK68/V3D supports linear mode (bit 2:1
’ 01, = 32-bit segmented = 10,). 32-bit segmented mode should also
mode work but is not supported by Heurikon. 82586
10, = linear mode mode cannot be used.
11, = reserved
3 Bus Throttle Timertrig- 0, = internal The 82596CA’s BREQ pin is tied to ground on
gering 1, = external the board, so external Bus Throttle timer
triggering is not possible. Bit 3 mustbe 0, .
4 Locked cycles enable 0, = enable Locked cycles are an option that can be
1, = disable used for updating the Ethernet statistics
counter. Both selections are supported on
the HK68/V3D.
5 82596CA interrupt 0, = active high Logic on the board expects the 82596CA’s
1, = active low INT signal to be active high. Bit 5 mustbe 0, .
6 1, The detault must be used, according to an
erratum from Intel.
7 Not used. — This bit must be set to 0,, according to Intel
documentation.
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12.7 RECOMMENDED INITIALIZATION

1.

2.
Note:

3.

4,
Note:

Reset the 82596CA with a Port Reset command.

Construct the System Control Pointer (SCP), Intermediate
System Control Pointer, and System Control Block :iructure.
Initialize the SYSBUS byte of the SCP to 44, or 54,

The Alternate SCP Port command (step 4) requires the SCP
address to be 16-byte aligned, that is, at an address such as
XXXX, XXXO04.

Initialize interrupts.

Issue an Alternate SCP Port command to the 82596CA, fol-
lowed by a Channel Attention.

In big-endian mode, the SYSBUS byte is bits 7-0 of the first
long word of the System Configuration Pointer.

12.8 ADDRESSES OF ETHERNET FUNCTIONS

All Ethernet functions may be accessed as long words at the
addresses given in Table 12-5. Except for the Port comriand, each
function may also be accessed as a byte at the byte address that
corresponds to the least significant byte of the long word, that is,
long word address plus 3.
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TABLE 12-5
Ethernet peripheral addresses
Address Function Notes
— —
02E0,0000,, Write: 82596CA Port command This address MUST be accessed as a long word.

Writing to this address generates the PORT signal to

the 82596CA. The data for the write is the 32-bit value
to be latched by the 82596CA. See Table 12-3.

Read: Not used.

02E0,0004,, Wirite: 82596CA Channel Attention | Writing to this address generates the CA signal to the
command 82596CA. The data for the write is of no consequence.

Read: Not used.
02E0,0008, Write: Not used.
Read: Not used.

02EO0,000C,¢ Write: Ethernet section interrupt Writing to this address clears an active Ethernet
clear. section interrupt. Data for the write is of no
consequence. Clearing the interrupt turns off the
interrupt signal but does not clear either of the causes
of the interrupt.

Read: Not used.

- 02E0,0010, Write: 82596CA interrupt Writing a 1 to the least significant bit of this address
enable/disable enables the interrupt signal from the 82596CA. Writing
a 0 to the least significant bit disables the interrupt.
Reading from this address returns the state of the
enable bit as the least significant bit. The other bits
are undefined.

Read: 82596CA interrupt
enable/disable

02E0,0014,, Wirite: Abort interrupt enable/disable | Writing a 1 to the least significant bit of this address
enables the 82596CA abort interrupt. Writing a 0 to the
least significant bit disables the interrupt. Reading
from this address returns the state of the enable bit as
the least significant bit. The other bits are undefined.

Read: Abort interrupt enable/disable
02E0,0018,, Write: Not used.

Read: 82596CA interrupt status Reading from this address returns the state of the
82596CA interrupt signal as the least significant bit. A
1 bit indicates the interrupt is asserted; 0 indicates
not asserted. The other bits are undefined.

02E0,001C, Write: Clear abort interrupt. Writing to this address clears the 82596CA abort
condition. The data for the write is of no consequence.

Read: Abort interrupt status Reading from this address returns the state of the
82596CA abort interrupt signal as the least significant
bit. A 1 bit indicates the interrupt is asserted; 0
indicates not asserted. The other bits are undefined.

02E0,0020,, - Not used.
02E0,0037,,

Continues
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TABLE 12-5 — Continued
Ethernet addresses

Address Function Notes
02E0,0038,, Write: Hardware trigger point #1.

Read: Not used. Wiriting to these addresses produces a low-going
pulse at one of two test points. The data are of no
consequence. These addresses and test points are
intended to aid debugging.

02E0,003C, Write: Hardware trigger point #2

Read: Not used

12.8.1 Interrupts

The Ethernet interrupt causes a level 1 interrupt autovector to the

CPU (vector 25).

The Ethernet interrupt combines interrupt conditions from two

sources:

1. The interrupt signal from 82596CA controller itself.

2. The ABORT condition. The ABORT condition is generated by
logic external to the 82596CA (see section 12.9.1). It is set
when the 82596CA receives an exception acknowledge as the
response to a bus cycle.

To cause an interrupt, an interrupt condition must be enabled.
Each of the two interrupt conditions has its own enable.

Once the Ethernet interrupt is asserted, it stays asserted until the
processor writes to the interrupt clear address. Likewise, each
interrupt condition stays asserted until explicitly cleared or

disabled by the processor.

The ABORT condition is cleared by writing to the ABORT clear
address. The 82596CA interrupt is cleared by setting the appropri-
ate acknowledge bits in the command word of the 82596CA's sys-
tem control block (SCB), setting the next control commands in
the command word of the SCB, and issuing a Channel Attention
to the 82596CA.

The sequence of events for dealing with an Ethernet interrupt due
to an ABORT condition are:
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1. Enable the interrupt.

2. Assume that some time later the ABORT condition becomes
asserted. Once asserted, it will stay asserted until explicitly
cleared.

3. The enabled ABORT condition causes the Ethernet interrupt
to be asserted.

It will stay asserted until explicitly cleared.

4. ‘The interrupt causes the HK68/V3D to execute the Ethernet
interrupt service routine. The interrupt service routine of the
processor clears the Ethernet interrupt.

5. The interrupt service routine reads the interrupt status bits to
determine whether the interrupt is an ABORT condition or
82596CA interrupt signal. (This and the previous step may be
interchanged.)

6. The interrupt service routine clears the ABORT condition. At
this point, both the interrupt signal and the ABORT condition
have been cleared.

If the second interrupt condition is enabled and occurs before the
first is cleared, it will cause the interrupt signal to be asserted only
after the first condition is cleared; that is, not after the Ethernet
interrupt is cleared, but after the interrupting condition (ABORT
or 82596CA interrupt) is cleared. Thus, the interrupt signal may be
cleared early in an interrupt service routine knowing that it cannot
be reasserted until later in the routine when the interrupting
condition is cleared.

If the interrupt service routine checks the interrupt status bits and
both are set, it is not possible to determine which of the two
occurred first and thus which one to clear. In this case, the inter-
rupt service routine should handle both cases and clear both
conditions.

If an interrupt condition is true when it is enabled, an interrupt
will occur immediately.

Disabling an interrupt source is equivalent to clearing it to the
extent that it allows the other interrupt condition to generate an
interrupt.
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12.9 EXCEPTION CONDITIONS

HK68/V3D bus cycles may terminate abnormally in two ways:
relinquish and retry, and exception. The 82596CA directly

supports relinquish and retry via the BOFF (backoff) pin.

Logic on the HK68/V3D external to the 82596CA responds to an
exception acknowledge by setting an ABORT condition. The

ABORT condition asserts the 82596CA BOFF signal and keeps it
asserted until the ABORT condition is cleared. Asserting the

BOFF signal causes the 82596CA to relinquish its control of the
HK68/V3D's local bus so that other bus masters may use it and
keeps the 82596CA from generating any additional bus cycles until
the processor intervenes.

The ABORT condition may also cause an interrupt to notify the
HK68/V3D that 82596CA operation has been suspended.

When an ABORT condition occurs, there are three possible
responses:

1. Simply clear the ABORT condition and let the 82596CA
resume where it left off. If the exception acknowledge resulted
from accessing an undefired address, the exception acknowl-
edge will occur again.

2. Reset the 82596CA with a Port Reset command and then clear
the ABORT condition. This allows the 82596CA to be reinitial-
ized, but destroys any information about the cause of the
exception acknowledge.

3. Issue a Port Dump command to the 82596CA and then clear
the ABORT condition. According to Intel, a Port Dump

command may be issued while BOFF is asserted and will take
precedence over any transfers that were in progress when

BOFF was asserted. The Port Dump command dumps the
internal status of the 82596CA to memory, where it may
provide some clues about what the 82596CA was doing when
the exception acknowledge occurred. Following the Port
Dump command, the 82596CA should probably be reset using
a Port Reset command.

Note that the Dump command will occur only when the

BOFF signal is released, which is the same time that the
ABORT condition is cleared.
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12.10 ETHERNET JUMPER

The transmit differential signal pair for the Ethernet interface may
be configured for either half- or full-step modes to facilitate its use
with different types of transceivers, via configuration jumper J1.

The configuration of the jumper is briefly summarized in

Table 12-6.

TABLE 126
Transmit differential line configuration (J1)

Position Configuration

J1 installed + (positive) idle differential voltage on TX lines full-
step mode (for example, for Ethernet 1.0-type
transceivers)

J1 not installed 0 idle differential voltage on TX lines half-step mode
(for example, for IEEE-802.3-type transceivers)

12.11 ETHERNET PORT PIN ASSIGNMENTS

Connector P4 is an Ethernet 15-pin D connector (Fig. 12-3).

PIN8 Pa PIN 1
\ /
\b dl
000000
O {58858 ) ©
IR / \ f
i W 4 \ J |
i / \ [
PIN 15 PIN9

FIGURE 12.3. Ethernet connector, P4
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TABLE 12-7

Ethernet connector pin assignments, P4

Pin Name Description Direction Transceiver Cable D
Number Connector Pin Number
1 CLSNShid  Control In circuit Shield In 1
2 CLSN- Control In circuit - In 9
3 CLSN+ Control In circuit + In 2
4 TX- Data Out circuit - Out 10
5 TX+ Data Out circuit + Out 3
6 TXShid Transmit Shield In 11
7 RxShid Data In circuit Shield In 4
8 RX- Data In circuit - In 12
9 RX+ Data In circuit + In 5
10 VPLUS Voltage Plus Out 13
11 VCMN Voltage Common In 6
12 VShid Voltage Shield In 14
13 CTLO+ Control Out circuit + Not connected 7
14 CTLO- Control Out circuit - Not connected 15
15 CTLOShld  Control Out circuit Shield In 8
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Optional Real-Time Clock (RTC)

13.1

INTRODUCTION

As an option, one PROM can be fitted with a special socket which
has a built-in CMOS watch circuit and a lithium battery (Dallas
Semiconductor, part number DS1216F). The DS1216F is a 32-pin,
600 mil-wide DIP socket that accepts any 32-pin bytewide ROM or
nonvolatile RAM. The module socket is factory-installed in the
first HK68/V3D PROM position (U70). The timekeeping function
remains transparent to the memory device place above. The RTC
monitors Voo for an out-of-tolerance condition. When such a
condition occurs, the battery automatically switches on to prevent
loss of time and calendar data.

The timekeeping information provided by the RTC includes hun-
dredths of seconds, seconds, minutes, hours, days, date, month,
and year. The data at the end of the month is automatically
adjusted for months with fewer than 31 days, including correction
for leap years. The RTC operates in either 24-hour or 12-hour
format with an AM/PM indicator.

RTC option

\

061901 T P4

| \ Em[ P5- FPI ]m O ETHERNET o

182596CA

Z

Eakb

]
S on
MC68030,PGA
|
sto é> ROM! //A p

4

FIGURE 13-1. Real-time clock socket
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The module socket can plug into the existing socket or replace it
entirely. When the module socket is plugged into the existing
socket the board profile is wider. The following table lists resulting
board thickness values, depending on the installation method.
The values include a standard PROM thickness.

TABLE 13-1

Effect of RTC intallation on board height

Configuration Component Minimum
Helght Above Board Spacing
Board

RTC module plugged into .75 in. .85in. (2 slots)

existing ROM socket:

Only one card slot is required if the board is in the end slot. The

RTC logic does not generate interrupts; a CIO timer channel is

still used for that purpose. The RTC contents, however, may be

used to check for long-term drift of the HK68/VE system clock,

and as an absolute time and date reference after a power failure.

Leap year accounting is included. Heurikon can provide complete
. operating system software support for the RTC module.

The RTC module time resolution is 10 milliseconds. The RTC
internal oscillator is accurate to one minute per month, at 25
degrees C.

13.2 READING AND SETTING THE RTC

The clock contents are set or read using a special sequence of
ROM read commands, as detailed in the program example, below.
The RTC module “monitors” ROM accesses and, if a certain
sequence of 64 ROM addresses occur, takes temporary control of
the ROM space, allowing data to be read from or writien to the
module. Writing is done by twiddling an address line, which the
module uses as a data input bit. There are never any MPU write
cycles directed to the PROM space.

Note: Do not execute the module access instructions out of ROM.
The instruction fetch cycles will interfere with the module
access sequence. Also, be certain the reset disable bit
(rtc_data.day bit D4) is always written as a “1”,
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EXAMPLE 13-1. Real-Time Clock Software

#define
#define
$define
#define

struct rtc_data {

WATCHBASE (unsigned char *)0x00000000 /* ROM socket */
WRO_WATCH (unsigned char *) (WATCHBASE+2) /* write 0 */
WR1_WATCH (unsigned char *) (WATCHBASE+3) /* write 1 */
RD_WATCH (unsigned char *) (WATCHBASE+4) /* read */
/* D7 D6 D5 D4 D3 D2 D1 DO range */

unsigned char dotsec;/*-0.1 sec-:-0.01 sec-;00-99 */

unsigned char sec;
unsigned char min;

/* --10 sec-:-seconds-; 00-59 */
/* --10 min-:-minutes-; 00-59 */

unsigned char hour; /*A 0 B Hr:-hours-; 00-23 */

unsigned char day;

/*0 0 0 1l:-day--; 01-07 */

unsigned char date; /*-10 date-:~date-; 01-31 */
unsigned char month; /*-10 month-:-month-; 01-12 */

unsigned char year; /*-10 year--: --year----- ; 00-99 */
Y; /* "A"™ = "Q0" for 00-23 hour mode, "1" for 01-12 hour mode */
/* “"B" = MSB of the 10 hours value (if 00-23 hour mocde) else

= "0" for PM or "1" for AM (if 01-12 hour mode) */

rtc_wr (data)

/* set the real-time clock */

register unsigned char *data; /* rtc_data pointer */

{

register int i, bit;

unsigned char temp;

static unsigned char key[] = { /* the unlock pattern */
0xC5, 0x3A, 0xA3, 0x5C, O0xC5, O0x3A, O0xA3, Ox5C };

if ( data ) {

rtc_wr (0);

/* send key pattern */

} else { /* this is the unlock function */

.

1 =

*RD_WATCH; /* reset */

data = key;

}

for( i=0; i<8; data++, i++ )
for( bit = 1; bit & Oxff; bit <<= 1)

}

rtc_rd(data)

temp = ( *data & bit ) ? *WR1_WATCH : *WRO_WATCH;

/* read the real-time clock */

register unsigned char *data; /* rtc_data pointer */

{

register int i, bit;

rtc_wr(0); /* send key pattern */

for( i=0; 1i<8; data++, 1++ ) {
*data = 0;
for( bit = 1; bit & Oxff; bit <<= 1)
*data |= (*RD_WATCH & 1) ? bit : 0 ;
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13.3 PIN ASSIGNMENTS
The DS1216F uses pins 1, 10, 12, 13, 22, and 24. All pins pass
through to the socket receptacle except pin 22 (CE/), which is
inhibited during the transfer of time information.
‘TABLE 13-2
Pin _assignments, real-time clock
32-pin RTC
Pin Number Name Function
1 RST\ RESET
10 A2 Address Bit 2 (READ/WRITE)\)
12 A0 Address Bit 0 (Data Input)
13 DQO /O, (Data Output)
16 GND Ground
22 CE\ Conditioned Chip Enable
24 OE\ Output Enable
32 vCcC +5 VDC to the socket
13.4

RTC OPERATION

A highly structured sequence of 64 cycles is used to gain access to
time information and temporarily disconnects the mated
memory from the system bus. Information transfer into and out of
the RTC is achieved by using address bits A0 and A2, control
signals OE\ and CE\, and data I/0O line DQO. All RTC data
transfers are accomplished by executing read cycles to the mated
memory address space. Write and read functions are determined
by the level of address bit A2. When address bit A2 is low, a write
cycle is enabled, and data must be input on address bit A0. When
address bit A2 is high, a read cycle is enabled, and data is output
on data 1/O line DQO. Either control signal (OE\ or CE\) must
transition low to begin and high to end memory cycles that are
directed to the RTC; however, both control signals must be in an
active state during a memory cycle.

Communication with the RTC is established by pattern
recognition of a serial bit stream of 64 bits, which must be
matched by executing 64 consecutive write cycles, placing address
bit A2 low with the proper data on address bit AQ.
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7 6 5 4 3 2 1 0 Hex Value
Byte 0 [—( 1 1 0 0 0 1 0 1| cs
Byte 1 r—{ o 0 1 1 1 0 1 0 74—] 3A
Byte 2 ﬁ 1.0 1 0 0 0 1 1 }d—j A3
Byte 3 rq’ o 1 0 1 1 1 0 0 HJ 5C
Byte 4 E{ 1 1 0 0 0 1 0 1 }j c5
Byte 5 '——{ o 0 1 1 1 0 1 0 P—I 3A
Byte 6 [—{ 1 0 1 0 0 0 1 1 |<—l A3
Byte 7 lo 1 0o 1 1 1 0o o |;! 5C

FIGURE 13-2. RTC comparison register definition

The 64 write cycles are used only to gain access to the RTC. Prior
to executing the first of 64 write cycles, a read cycle should be
executed by holding A2 high. The read cycle will reset the
comparison register pointer within the RTC, ensuring that pattern
recognition starts with the first bit of the sequence. When the first
write cycle is executed, it is compared with bit 0 of the 64-bit
comparison register. If a match if found, the pointer increments
to the next location of the comparison register and awaits the
next write cycle. If a match is not found, the pointer does not
advance and all subsequent write cycles are ignored. If a read
cycle occurs at any time during pattern recognition, the current
sequence is aborted and the comparison register pointer is reset.
Pattern recognition continues for a total of 64 write cycles, as
described above, until all the bits in the comparison register have
been matched (this bit pattern is shown in Figure 13-2).

With a correct match for 64 bits, the RTC is enabled and data
transfer to or from the timekeeping registers may proceed. The
next 64 cycles will cause the RTC to either receive data on Data In
(A0) or transmit data on Data Out (DQO0), depending on the level
of READ/WRITE\ (A2). Cycles to other locations outside the
memory block can be interleaved with CE\ and OE\ cycles
without interrupting the pattern recognition sequence or data
transfer sequence to the RTC.

An unconditional reset to the RTC occurs by either bringing up
Al14 (RESET\) low if enabled, or on power-up. The RESET\ can
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occur during pattern recognition or while accessing the the RTC
registers. RESET\ causes access to abort and forces the
comparison register pointer back to bit 0 without changing
registers.

13.5 NONVOLATILE CONTROLLER OPERATION

The RTC performs circuit functions required to make the
timekeeping function nonvolatile. First, a switch is provided to
direct power from the battery or VCC supply, depending on
which voltage is greater. The second function provides power-fail
detection. Power-fail detection typically occurs at 4.25 volts.
Finally, the nonvolatile controller protects the RTC register
contents by ignoring any inputs after power-fail detection has
occurred. Power-fail detection also has the same effect on data
transfer as the RESET\ input.

13.6 RTC REGISTERS

The RTC information is contained in eight registers, each
containing eight bits. The registers are accessed in sequence, one
bit at a time, after the 64-bit pattern recognition sequence has
been completed. When updating the RTC registers, each must be
handled in groups of eight bits. Writing and reading individual
bits within a register could produce erroneous results. These
read/write registers are defined in Figure 13-3.

Data contained in the RTC registers is in BCD (binary coded
decimal) format. Reading and writing the registers is always
accomplished by stepping through all eight registers, starting with
bit 0 of register 0 and ending with bit 7 of register 7.

13.7 AM-PM/12/24 MODE

Bit 7 of the hours register is defined as the 12- or 24-hour mode
select bit. When high, the 12-hour mode is selected. In the 12-hour
mode, bit 5 is the AM/PM bit with logic high being PM. In the 24-
hour mode, bit 5 is the second 10-hour bit (20-23 hours).

13.8 OSCILLATOR AND RESET BITS

Bits 4 and 5 of the day register are used to control the RESET\
and oscillator functions. Bit 4 controls the RESET\ (pin 1). When
the RESET\ bit is set to logic 1, the RESET input pin is ignored.
When the RESET\ bit is set to logic 0, a low input on the RESET\
pin will cause the RTC to abort data transfer without changing
data in the watch registers. Bit 5 controls the oscillator. When set
to logic 1, the oscillator is turned off. When set to logic 0, the
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oscillator turns on and the watch becomes operational. Both bits
are set to a logic 1 when shipped from the factory.

7 6 5 4 3 2 1 0 Range (BCD)
0 l_| 0.1 second | 0.01 second —] 00-99

1 I—-| 0 | 10seconds | seconds {——I 00-59
2 |——| 0 | 10minutes | minutes j-—] 00-59
R Oz I LT el 012
4 |—|1 |1 [ocs|mnio |  day |<—J 0107
5 [—fo [o | 10date | date j<_| \01-31
e O P B TN
7 [ 10 year | year 14-, 00-99

FIGURE 13-3. RTC register definition

13.9 ZERO BITS

Registers 1, 2, 3, 4, 5, and 6 contain one or more bits that will
always read logic 0. When writing these locations, either a logic 1
or 0 is acceptable.
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Hardware Summary

14.1 SOFTWARE INITIALIZATION SUMMARY

This section outlines the steps for initializing the facilities on the
HK68/V3D board. Certain steps must be performed in sequence,
while others may be rearranged or omitted entirely, depending
on your application.

1

VRN S N

10.
11
12.
13.
14.
15.

The MPU automatically fetches the reset vector following
a system reset and loads the supervisor stack pointer and
program counter. The reset vector is in the first 8 bytes of
ROM.

Recall the NVRAM contents. (Reference: section 6.8)
Determine RAM configuration. (Reference: section 6.4)
Set the bus control latch. (Reference: section 7.8)

Clear on-card RAM to prevent parity errors due to
uninitialized memory reads. (Reference: section 5.1)

Load the 68030 Vector Base Register with the location of
you:r exception vector table (usually at the start of RAM).

Initialize the exception vector table in RAM (at the
selected base address.) This step links the various
exception and interrupt sources with the appropriate
service routines. (Reference: section 3.3)

Initialize the CIO. (Reference: section 9.7)

Initialize the serial ports. (Reference: section 10.5)
Initialize the SCSI port. (Reference: section 11)

Initialize the Ethernet port. (Reference: section 12)
Initialize the 7-segment display (Reference: section 8.1)
Release the VMEbus SYSFAIL line. (Reference: section 7.6)
Initialize off-card memory and I/O devices, as necessary.

Enable system interrupts, as desired. (Reference: section
3.2)
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14.2 ON-CARD 1/0 ADDRESSES
This section is a summary of the on-card port addresses. It is
intended as a general reference for finding additional
information about a particular device. Refer to section 6.6 for a
pictorial description of the system memory map.
TABLE 14-1

Address summary

Address Type Device HK68/V3D User’s
Manual Section
AXXX,XXXX g RW VMEbus (Extended 7.7
Address Mode)

04XX,XXXX, s RW VMEbus 7.7,7.9
03 XX, XXXX, ¢ RW HK68/V3D on-card RAM 6.3
02F0,000x,, RW SCC1 (Ports A & B) 10
02E0,000x,, RW Ethernet 12
02D0,000x,, RW CIio 9

- 02C0,0000,, w Mailbox Base Address 7.8
02B0,0070, RW Display segment g 8
02B0,0060, RW Display segment f 8
02B0,0050,, RW Display segment e 8
02B0,0040,, RW Display segment d 8
02B0,0030;, RW Display segment ¢ 8
02B0,0020,, RW Display segment b 8
02B0,0010,, RW Display segment a 8
02B0,000E, ¢ w VMEbus Bus Timer 7.X
02B0,000C,, W VMEDbus Slave Enable 7.4
02B0,000A, w On-card Watchdog Enable
02B0,0008,, W SCSI interrupt Mask 11
02B0,0006,, W SCS! Reset 11
02B0,0004,, ‘W Mailbox Enable 7.8
02B0,0002,, W MPU Cache Disable 3.6
02A0,0000,, W Bus Control Latch 7.4
0290,000x,¢ W VMEbus Interrupt Request 7.5
0270,0000,, R NV-RAM Recall 6.8
0260,0000,, w NV-RAM Store (tas) 6.8
0250,00xX,, RW NV-RAM Data 6.8
0230,000x,, RW scsl 11
0240,0000,, unused
0 1XX,XXXX,¢ RW VMEbus (Standard Space) 7.7
00CO0,xxXXX,¢ RW VMEbus (Short Space) 7.7
0080,000x,¢ R VMEbus Interrupt Vectors
0040,0000, R ROM1 6.2
0000,0000,, R ROMO 6.2
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14.3 HARDWARE CONFIGURATION JUMPERS

Jumper settings are detailed in the manual section pertaining to
the associated device. This section can be used as a cross
reference for finding additional information about the jumpers.

TABLE 14-2
Standard jumper settings
Jumper Standard Options Function HK68/V3D
Configuration Manual
Section
J1 Installed J1 instalied: + (positive) idle differential Selects Ethernet 12
voltage on TX lines, full-step mode (for differential voltage
example, for Ethernet 1.0-type
transceivers)
J1 removed: 0 idle differential voltage on TX
lines, half-step mode (for example, for
IEEE-802.3-type transceivers)
J2 J2:1-2 False J2:1-2 False (+12V) RS-232 handshaking 10
J2:2-3 True (-12V) defaults
J3 J3:1-2 Ring J3:1-2 Ring Indicator Selects Ring Indicator 10
Indicator J3:2-3 Data Carrier Detect gr%%%%zrxexpetect
J5-J8 Matches ROMO 2764, 27128, 27256, 27512, 27010, 27020, Selects ROM 0 size 5
size. See Table 14- 27040, 27080, 27513 paged, 2864 R'W (default is 2764)
3. EEPROM, 2817 R'W EEPROM
Jo-Ji12 Matches ROM1 2764, 27128, 27256, 27512, 27010, 27020, Selects ROM 1 size 5
size. See Table 14- 27040, 27080, 27513 paged, 2864 R'W (default is 2764)
3. EEPROM, 2817 R'W EEPROM
J14, J15, Bus Grant Level 3 Bus Grant Level 3 Selects VMEbus Bus 7
j} 57;’ Bus Grant Level 2 Grant level
> Bus Grant Level 1
00 Bus Grant Level 0
O O
L
A
|
00
J16 Bus Request Bus Request Level 3 ‘ VMEDbus arbitration 7
Level 3) (bus request level 3,

Bus Request Level 2 not system controller)

Bus Request Level 1

%29

Bus Request Level 0
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J19 J19:1-2 input from  J19:1-2 input from VMEbus Enables VMEbus 7
VMEbus J19:2-3 output to VMEbus SYSRESET*
J20 Removed J20 installed: Allows HK68/V3D to respond =~ ACFAIL* connects to 7
to ACFAIL* interrupt. VMEbus
J21 removed: HK68/V3D does not respond
to ACFAIL* interrupt.
J21-J24  Matches memory 1, 2, 4, 8, or 16 megabytes VMEDbus slave window 7
size. size
J25 Removed J25 installed: drives SYSCLK Disables SYSCLK 7
J25 removed: does not drive SYSCLK
J26 Removed J26 installed: HK68/V3D can drive BCLR*.  Disables BCLR". 7
J26 removed: HK68/V3D cannot drive
BCLR".
Jo1 Factory set for memory configuration.
Do not alter.
Jo2 Factory set for memory configuration.

Do not alter.

TABLE 14-3
ROM size options

ROM ROM Capacity Jumper Configuration
Type
2764 64 Kbits (8K x 8) 15 0r J8
(o ) JO Or
27128 yogkpits (16Kx8) (o ME)JG or J10
27513 bloo)Jd7 orJ11 (either A or B)
paged (o ) J8 or J12
27256 256 Kbits (32K x 8) o]
(c ) J5 or J9
(c W) J6 or J10
bio 0)J7 or J11 (either A or B)
(Il 0)J8 orJi12
27512 512 Kbits (64K x 8)
(G 0)J5 or J9
(c M) J6 or J10
(5151 0)J7 or J11 (either A or B)
(B 0)J8 orJi12
27010 1 Mbits (128K x 8) 1
(G 0)J5 orJ9
510.0)J6 or J10 (either A or B)
(o mmm)J7 orJ11
(Il 0)J8 or J12
27020 2 Mbits (256K x 8) T
(o W o) OF
27040 4 Mbits (512K x 8) (M 06 or J10
(o mam ) J7 orJ11
(I 0)J8 orJi12
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RTC option

\

081901 L

A

27080

8 Mbits (1M x 8)

2864 R'W
EEPROM

8K x 8

J5 or J9 (any setting)
J6 or J10 9
J7 or J11 (either A or B)
J8 orJ12

2817 RW
EEPROM

2Kx 8

J5 orJ9
J6 or J10

J7 or J11 (either A or B)
J8ordJi2

A J2

P4

i

O ETHERNET og o P3-SIO
- nao)

I 00

ROMo
MC68030,PGA
7,
ROMI 7
”
clo
MC68881
scsi
] P2 VME |

182596CA

7

scC

Jo1
S

921 ges
122 (S
J23 fyeee s
124

[ P1- VME

Figure 14-1. Jumper locations

Jié

J14

Ji5
J17
Jig

Jig

J2s
J26
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14.4 POWER REQUIREMENTS

TABLE 14-4

Power requirements

Voltage Current Usage

+5 7.0A, max All logic

+12 20ma, max RS-232 interface
-12 20ma, max RS-232 interface

The “+5” and “Gnd” pins on P2 must be connected for proper
operation.

14.5 ENVIRONMENTAL

Operating temperature: 0 to +55 degrees Centigrade, ambient, at
board.

Humidity: 0% to 85%.

Storage temperature: -40 to +70 degrees C.

Power dissipation is about 35 watts.

Fan cooling is required if the HK68/V3D board is placed in an
enclosure or card rack.

Fan cooling is also recommended when using an extender board
for more than a few minutes.

14.6 MECHANICAL SPECIFICATIONS

TABLE 14-5

Mechanical specifications

Width Depth Height (above board)
9.187 in. 6.299 in. 0.6 in. (0.8 in.)

233.35 mm 160 mm 15.25 mm (20.35 mm) -

If the real-time clock (RTC) option is installed, see Table 13-1 for
information on the effect of the RTC on board height.

Standard board spacing is 0.8 inches. The HK68/V3D is a 10-layer
board.
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Appendix A

The HKB68/V3D Monitor

This appendix includes an introduction to monitor operation,
instructions for command sequences that configure the
HK68/V3D, a command reference, and a function reference.

INTRODUCTION

The monitor consists of a set of about 150 C functions. A subset of
these functions constitute the monitor commands, which are
parsed into function calls. The monitor commands have been de-
signed to provide easy-to-use tools for (1) HK68/V3D
configuration at power-up or reset, and (2) communications,
downloads, program tracing, and other common uses. A
command line editor and history have been included to reduce
the need to retype commands. The monitor uses nonvolatile
memory to store all values.

USING NONVOLATILE MEMORY TO CONFIGURE THE HK68/V3D

nvdisplay The nvdisplay command allows you to access almost all of the
hardware registers on the HK68/V3D by editing fields that
contain configuration values. The fields have been collected
into the main groups shown below. Each field can be edited
from the display.
Group Fields
Console Port, Baud, Parity, Data, StopBits, XOnXOff, ChBaudOnBreak, RstOnBreak
Download Port, Baud, Parity, Data, StopBits, XOnXOff, ChBaudOnBreak, RstOnBreak
VmeBus ExtSlaveMap, StdSlaveMap, AddrModSel, Replace Addr, EnbiSlave, MastRelModes,
SlaveRelOnReq, LocalBusTimer, VmeBusTimer, Sysfail, IndivRMC
Mailbox ShtSlaveMap, EnbiSht
Cache InstrCache, DataCache
Misc PowerUpMemClr, CirMemOnReset, PowerUpDiag, CountValue
BootParams BootDev, LoadAddress, RomBase, RomSize, DevType, DevNumber, CrMemOnBoot

Three other groups — HardwareConfig, Manufacturing, and
Service — are reserved for use by Heurikon manufacturing and
are read only.
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Once fields have been edited, the new field values can be saved to
nonvolatile memory with the nvupdate command.

The nonvolatile memory configuration information is used to
completely configure the HK68/V3D at reset. The configboard
command can also be used to reconfigure the board after
modifications to the nonvolatile memory.

COMMAND SUMMARY

Additional commands for a wide range of uses are summarized
below. If you need additional assistance with the monitor, please
call a Heurikon customer support representative at 1-800-327-1251.

Access documentation for the HK68/V3D:
help
help editor
help functions
help memmap
For details on a specific command, type help and any command name listed in this
summary.
Initialize, display, or change the contents of Heurikon-defined and
user-defined memory fields in nonvolatile memory:
nvdisplay
nvinit
nvopen
nvset
nvupdate

Download and execute an application program from a host:
call
download
transmode

Test local and external memory boards:
testmem

Display, copy, or modify data:
checksummem
clearmem
cmpmem
copymem
displaymem
fillmem
findmem
findnotmem
findstr
readmem
setmem
swapmem
writemem
writestr
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Load and execute a program or operating system from a boot device:
bootbus
bootrom
bootserial

Display, trace, or execute application programs:
disassemble
dumpregs
exectrace
settrace
step
Display. Ethernet ID or check whether the HK68/V3D is VMEbus system controller:
prstatus

Control accessibility of the HK68/V3D in VMEbus short, standard or extended space:
slavedis
slaveenable

Enable, disable, or set up bus interfaces and devices:
configboard
date
setdate
starttimer
stoptimer

Add, subtract, multiply, or divide two numbers:
add
div
mul
rand
sub

FUNCTIONS

The functions described in the function reference can be called
directly from the command line, but no argument checking will
take place. It is advisable instead to use the monitor commands
whenever possible.
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EEPROM CONFIGURATION MEMORY

The monitor uses an 128-byte EEPROM for nonvolatile memory.
A general description of the organization of nonvolatile memory
is given in the “On-card Memory Configuration” section (section
5) earlier in this manual. A portion of nonvolatile memory is
reserved for the monitor and is read-only. All other memory
areas of nonvolatile memory are both read-accessible and write-

accessible for other uses.

The start address, size, and description of the monitor EEPROM

are shown below:

EEPROM addresses

Device Byte Offsets Data

Address
0270,0000,, O-15FF, User-defined data area
0270,B000,, 1600, - 17FF,, Monitor/board initialization
0270,C000,,  1800,,— 1FFF,, Manufacturing/service hardware

information (write protected)

|
0=
00 g

f e ]

C

ROMO - Monitor ROM

BSES

=
:

e
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MONITOR INSTALLATION AND SETUP

J2-Ports Aand B
defaults

B A

A = True (+12V)
B = False (-12V)

/

/'PB - Serial

o

Be sure the ROM size jumpers J5-J8 are configured to match the
size of ROM on the board (settings are described in the section
*On-card Memory Configuration," section 5). The serial cable
should connect the terminal with port B on the HK68/V3D.
Terminal settings should be 9600 baud, 8 data bits, 1 stop bit, no
parity.

If no console device is connected to serial port B, be sure the RS-
232 default jumper J2 is set as J2:2-3, which sets the port to true
(+12V). Otherwise, the monitor will hang while it waits for the
serial chip to transmit the start-up message. The “Setup and
Installation” section (section 2) describes full installation
instructions for the HK68/V3D.

RESET SEQUENCE

Invalid configuration
information

Valid configuration
information

At power-up or a board reset, ROM-based power-up diagnostics
check the serial port and memory. A function called StartMonitor
performs hardware initialization, autoboot procedures, free
memory initialization, and, if necessary, initializes the monitor to
bring up the command line editor.

The processor stacks and configuration are initialized before
StartMonitor is called.

StartMonitor does the following:

1. Initializes the nonvolatile memory configuration structures to
their default state.

2. The minimum set of hardware initialization is completed on
the basis of the nonvolatile memory configuration structures.
This usually includes a reset of devices to a known state.

3. After initialization, the monitor tries to read the current
nonvolatile memory configuration from the nonvolatile
device.

If the configuration information is invalid, a warning message
appears:

Warning protected region cannot be initialized.
The board is fully configured using the default nonvolatile
configuration.

If the configuration information is valid, a countdown to the
autoboot begins.
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If you allow the countdown to finish, autoboot begins and the
board is fully configured according to the current nonvolatile
device configuration. If the auto-boot portion of the
configuration requires auto-boot, the correct device is opened
and booted. If no auto-boot is necessary, then the board logo
is printed, memory is initialized, and the line editor is started.

If you cancel configuration before the autoboot begins, the
board is configured with the default nonvolatile configuration,
which is summarized below.

Console defaults Port B, 9600 baud, no parity, 8 data bits, 2 stop bits, XOn/XOff
protocol on, no reset or baud change on break.

Download defaults Port A, 9600 baud, no parity, 8 data bits, 2 stop bits, XOn/XOff
protocol on, no reset or baud change on break.

VMEbus defaults Slave extended space mapped to 8000,0000,,.
Slave standard space mapped to 000000,,.
Address modifier select is “ExAll”.

Slave standard space replacement address is 0000,0000,.
Slave is enabled.

Master release mode is release-on-request.

Slave release-on-request is enabled.

The on-card bus timer is 32 microseconds.

The VMEbus bus timer is 64 microseconds.

SYSFAIL is off.

Indivisible read-modify-write cycles are disabled.

Mailbox defaults Slave short space mapped to FFF8, slave short space disabled.
Cache defaults Instruction cache is on. Data cache is off.
Miscellaneous defaults Clear memory on power-up, clear memory on reset, autoboot

countdown set to longest value (7).

BootParams defaults No boot device specified, load address is 03010000,;, ROM
base is at 00400000,,, ROM size is 00020000,,, device type and
number are 0, and memory is not cleared at boot-up.
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START-UP DISPLAY

At power-up or after a reset, the monitor runs diagnostics, reports
the results, displays the name of the board, and then displays a
prompt for commands.

Serial Test report ————_f HK68/V3D Power Up Serial Test  PASSED \
Memory Test repont HK68/V3D Power Up Memory Test  PASSED
Copyright Heurikon Corp., 1991

Created: Fri Mar 8 08:54:12 1991
Prompt to cancel ——#Hit 'H' to skip auto-boot

nonvolatile configuration

and nonvolatile autoboot i . V3D Debug Monitor
vvv Heurikon Corp.
vvv Version 1.X
vvv VVVVVVVVVVVVVVVVVVVVVVVVUVVVVVVVVY
vvv vvv
vvv vvv XXXXXXXXXXXX XXXXXXXXX
vvv Vv XX XX XX
AVAVAVARRTAVAYS XXXXXXXXXXXX XX XX
vvvvv XX XX XX

vvv XXXXAXXXXXAXX XXXXXXXXXXX
Monitor

command prompt ——va [1.X)

Serial Test and The results of the self-diagnostic tests are displayed at power-
Memory Test reports up or after a reset. If the Memory Test fails, the display will
show a DBug prompt instead of the usual monitor command
prompt. A failed Memory Test could indicate a hardware
malfunction that should be reported to our factory service
department, 1-800-327-1251.

Nonvolatile Configuration At power-up and reset, the monitor configures the board

and Nonvolatile Autoboot according to the contents of nonvolatile configuration
memory. If the configuration indicates that an autoboot device
has been selected, the monitor attempts to load an application
program from the specified device.

You can cancel both the nonvolatile configuration sequence
and the autoboot sequence by pressing the H key on the
console keyboard before the boot ends. The monitor is then in
a “manual” mode from which you can execute commands and
call functions. The monitor also enters manual mode if the
autoboot fails. Instructions for downloading and executing
remote programs are given in the command reference and
function reference.

Monitor Command Prompt The monitor provides a command line interface that includes
a command history and a wvi-like line editor. The command
line interface has two modes: Entry mode and Command
mode. In Entry mode, you can type text on the command line.
In Command mode, you can move the cursor along the
command line and modify commands. Each new line is
brought up in Entry mode.
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COMMAND-LINE HISTORY

The monitor maintains a history of up to 50 command lines for
reuse. Press the ESC key from the command line to access the

history.
k or - Move backward in the command history to access a previous
command.
jor + Move forward in the command history to access a subsequent
command.

COMMAND-LINE EDITOR

The command line editor uses typical UNIX® vi editing

commands.
help editor To access an on-line description of the editor, type help

editor or h editor.

<ESC> To exit Entry mode and start the editor, press <ESC>. You can
use most common vi commands, such as x, i, a, A, §, 0, w,
cw, dw, r, and e.

<cr> To execute the current command and exit the editor, press

Enter or Return.

<DEL> To discard an entire line and create 2 new command line,

press <DEL> at any time.

Editing Commands

aorA
iorl
x or X

r

C
cw or ¢W
ce or cE
cb or cB

c$

d

dw or dW
de or dE
db or dB

ds

Append text on the command line.
Insert text on the command line.
Delete a single character.

Replace a single character.

Change. Use additional commands with ¢ to change words or
groups of words, as shown below.

Change a word after the cursor (capital W ignores
punctuation).

Change text to the end of a word. (capital E ignores
punctuation).

Change the word before the cursor (capital B ignores
punctuation).

Change text from the cursor to the end of the line.

Delete. Use additional commands with d to delete words or
groups of words, as shown below.

Delete a word after the cursor (capital W ignores punctuation).
Delete to the end of a word (capital E ignores punctuation).
Delete the word before the cursor (capital B ignores
punctuation).

Delete text from the cursor to the end of the line.
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MONITOR COMMANDS

Command Syntax

There is no distinction between upper case and lower case. Press

Enter or Return to end each command with a carriage return
<cr>.

Each command may be typed with the shortest number of
characters that uniquely identify the command. For example, you
can type nvdisp instead of nvdisplay, or disa instead of
disassemble. Note, however, that abbreviated command names
cannot be used with on-line help; you must type help and the full
command name.

Arguments to commands must be separated by spaces.

Command Format

Specifying the base

Put string arguments
in double quotes.

Put character arguments
in single quotes.

Start flags with a hyphen.

The command line accepts three input formats: string, numeric,
and symbolic.

Monitor commands that expect numeric arguments assume a
default numeric base for each argument. The expected arguments
and the default numeric bases are described in the command
reference.

The numeric base can be specified by entering a colon ()
followed by the base. Several examples are provided below.

1234ABCD:16 hexadecimal
123456789:10 decimal
1234567:8 octal
101010:2 binary

The default numeric base for functions is hexadecimal. Some
commands use a different default base.

String arguments must start and end with double quotation
marks (). For example, typing the argument “Foo” would
result in a string argument with the value Foo, which is passed
to the command.

A character argument is a single character that begins and
ends with a single quotation mark (9. The argument ‘A’ would
result in the character A being passed to the command.

A flag argument is a single character that begins with a hyphen
(-). For example, the flag arguments -b, -w or -1 could be used
for a byte, word or long flag.
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There is a symbol entry for every function and command defined
in the monitor. Each command must begin with a symbol. While
all functions of the monitor can be executed, only those
supported by the monitor as commands type-check and validate
the arguments.

Commands that are not symbolic are assumed to be numeric, and
the hexadecimal, decimal, and character value of the number is
printed.

MONITOR FUNCTIONS

No argument checking will take place for functions that are called
directly from the command line. It is advisable instead to use the
monitor commands whenever possible.

The functions require spaces between the function name and its
arguments. No parentheses or other punctuation is necessary.

EXAMPLES
UnMaskInts 1

ConnectHandler 0xf8 0x1000
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Using the commands

This section includes instructions for common uses of the
monitor. Full descriptions of the commands and functions are in
the reference section.

INITIALIZING MEMORY

The monitor uses the area between 0000,0000,; and 0001,0000,, for
stack and uninitialized-data space. Any writes to that area can
cause unpredictable operation of the monitor. The monitor
initializes all local memory on power-up and on reset, depending
on the configuration of nonvolatile memory. The monitor ini-
tializes this area (that is, writes to it) to prevent parity errors, but it
is left up to the programmer to initialize any other memory areas
that are accessed, such as off-card or module memory.

CHANGING BOARD CONFIGURATION

The nvdisplay command shows the groups and fields in
nonvolatile memory configuration that are used to configure the
board. You can modify the groups and fields that are shown when
you use nvdisplay. Then use nvupdate to save the new values. If
you decide mot to save your changes, type nvopen to re-read the
previous values.

EXAMPLE

1 At the monitor prompt, type:
nvdisplay

2. Press <cr> until the group you want to modify is displayed.
An example for the group “Console” is shown below.

Group 'Console’
Port A (A, B, C, D)
Baud 9600
Parity None (Even, 0dd, None, Force)
Data 8-bits (5-Bits, 6-Bits, 7-Bits, 8-Bits)
StopBits 2-bits (1-Bit, 2-Bits)
XOnXOf £ On (Off, On)
ChBaudOnBreak False (False, True)
RstOnBreak False

(False, True)

[SP, CR to continue] or [E, e to Edit])

3. Press E to edit the group.
4 Press <cr> until the field you want to change is displayed.
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5. Type a new value. For most fields, legal options are
displayed in parentheses.

6. Press ESC or Q to quit the display.

7. Type nvupdate to save the new value or nvopen to cancel
the change by reading the old value.

EXAMPLE

The default configuration for the VMEbus SYSFAIL* signal is to
turn on at boot-up. In this example, nvdisplay and nvupdate are
used to turn off the SYSFAIL* signal when the system boots and
the HK68/V3D is not system controller.

1. At the monitor prompt, type:
nvdisplay
2. Press <cr> until the “VmeBus” group is displayed.
Group ‘'VmeBus'
ExtSlaveMap 0x80000000
StdSlaveMap 0x200000
AddrModSel ExAll (None, StAll, ExDat, StDat, ExSuDat, ExAll)
ReplaceAddr 0x0
EnblSlave True (False, True)
MastRelModes OnRequest (WhenDone, OnRequest, OnClear, Never)
SlaveRelOnReq On (Off, On)
LocalBusTimer 32u (4us, 16u, 32u, 64u, 128u, 256u, 512u, Off)
VmeBusTimer 64u (4us, 16u, 32u, 64u, 128u, 256u, 512u, Off)
Sysfail Off (Off, On)
IndivRMC Off (COff, On)
[SP, CR to continue] or [E, e to Edit]

Press E to edit the group.

Press <cr> until the "Sysfail" field is displayed.
Type the new value "Off". |
Press ESC or Q to quit the monitor.

Type the monitor command nvupdate to save the new
value to nonvolatile memory. -
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ATTEMPTING TO CHANGE PROTECTED FIELDS

Some of the Heurikon-defined groups shown with nvdisplay,
namely, Hardware, Manufacturing, and Service, are write-
protected. Attempts to modify these fields result in the display of
an error message:

Warning, protected region was not modified.

If you see this message, either re-read the nonvolatile memory
defaults for these protected regions by typing the nvopen
command, or return any fields you tried to edit to their original
values.

READING AND WRITING MEMORY

Required flags

Number bases

Use readmem or displaymem 1o read memory, and
writemem or setmem to write memory.

readmem, writemem and setmem require one of the
following flags, which determine the data size:

-b indicates the data is in bytes.
-w indicates the data is in words.
-1 indicates the data is in long words.

All arguments default to hexadecimal. Specify other bases by
typing a colon (;) and the base after the value.

For example, type 52:10 for decimal 52.

displaymem startaddr lines

displays lines of memory starting at startaddr. If the lines
argument is not specified, 16 lines are displayed. After you type
this command, pressing <cr> displays the next block of memory.
Access size is bytes.

readmem -[b,w,1l] address

reads a memory location specified by address. This command
displays the data in hexadecimal, decimal, octal, binary, or string
format.

setmem -[b,w,1l] address

allows memory locations to be modified starting at address.
setmem first displays the value that was read. Then you can type
new data for the value. If you press <cr> after the data, the address
counts up. If you press <ESC> after the data, the address counts
down.

writemem =-[b,w,1] address value
writes value to a memory location specified by address.
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CONFIGURING THE DEFAULT BOOT DEVICE

Note:

The default boot device is defined in the nonvolatile memory
group “BootParams”, in the field “BootDev”. When the
HK68/V3D is reset or powered up, the monitor checks this field
and attempts to boot from the specified device.

Currently, the monitor supports Serial, ROM, and Bus as standard
for all boards. If you edit the “BootDev” field and define a device
that is unsupported on your board, the monitor will display the
message:

Unknown boot device

Defining “BootDev” as “Serial” calls the function BootSerial,
defining “BootDev” as “ROM” calls the function BootROM, and
defining “BootDev” as “Bus” calls the function BootBus. See the
function reference for details on these functions.

EXAMPLE

In this example, nvdisplay and nvupdate are used to change the
default boot device from the bus to the ROM. The changes are
made to the “BootParams” group.

The fields in the “BootParams” group have different meanings
for each device. For example, “DevType” values are not used
for Bus devices, but are used by Serial devices to select the
format for downloading. Consult the command reference for
bootbus, bootROM, and bootserial for details.

1. At the monitor prompt, type:
nvdisplay

2. Press <cr> until the “BootParams” group is displayed.

Group

'BootParams'

BootDev Bus (None,Disk,Floppy,Tape,Serial, Ethernet, ROM, Bus)
LoadAddress 0x03010000

ROMBase 0x00400000

ROMSize 0x00020000

DevType 1
DevNumber 0
ClrMemCOnBoot False (False, True)

[SP, CR to continue] or [E, e to EQit])

3. Press E to edit the group.
4. Press <cr> until the “BootDev” field is displayed.
5. Type the new value “ROM”.
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6 Press <cr> to display the “LoadAddress” field.
7. Type the address where execution begins.

8  Press <cr> to display the “ROMBase” field.

0. Type the ROM base address.

10. Press <cr> to display the “ROMSize” field.

11.  Type the ROM size.

12, Press ESC or Q to quit the display.

13. Type nvupdate to save the new values.

EXAMPLE

In this example, nvdisplay and nvupdate are used to change the
default boot device from the bus to the serial port. The changes
are made to the “BootParams” group.

1 At the monitor prompt, type:
nvdisplay

Press <cr> until the “BootParams” group is displayed.
Press E to edit the group.

Press <cr> until the “BootDev” field is displayed.
Type the new value “Serial”.

Press <cr> until the “DevType” field is displayed.

SN NIV S TN

Type the new value for “DevType”; for example, 2 selects
downloads in Heurikon binary format.

8 Edit any other fields you want to modify. Whether you use
the “DevType” and “DevNumber” fields depends on the
application.

9. Press ESC or Q to quit the display.
10. Type nvupdate to save the new values.

SETTING THE BUS CONTROL LATCH

If you are using the HK68/V3D monitor, use the command writemem to
set the bus control latch (also see section 7.4). In this example, a series of
writemem commands write the value 00380040,, to the bus control latch.
The effect of the write is to set the latch as follows:

Set the slave address modifier bits to extended space (32-bit)

Set the bus release mode to release-when-done via bus control bits
BCO and BCl1

Set the replacement address to 0 (base of RAM)
Set the slave address to 40000000,
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EXAMPLE: Writing the value 00380040 to the bus control latch at
address 02A00000.

writemem -b 02B000OC O Slave disable

writemem -1 02A00000 O Bits 0, 8, 16 are O,
writemem -1 02A00000 O Bits 1, 9, 17 are O,
writemem -1 02A00000 0 Bits 2, 10, 18 are 0.
writemem -1 02A00000 00010000 1 on DB16 setting bit 19.
writemem -1 02A00000 00010000 1 on DB16 setting bit 20.
writemem -1 02A00000 00010000 1 on DB16 setting bit 21.
writemem -1 02A00000 00000001 1 on DBO setting bit 6.
writemem -1 02A00000 O Bits 7, 16, 23 are O.
writemem -b 02B00O0OC 1 Slave enable
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DOWNLOADING APPLICATIONS AND DATA

The monitor commands transmode, download, and call are
used for downloading applications and data in hex-Intel format,
S-record format, or binary format.

transmode stands for “transparent mode,” which means that the
console port is connected to the download port via software. In
this mode, a terminal connected to the console port can
communicate with a host connected to the download port
through the HK68/V3D as though the HK68/V3D were
transparent. This allows you to edit your source code, recompile,
initiate and complete the download, and return to the monitor, all
from one terminal. This is convenient for downloading, because a
single control sequence issues a carriage return to the host and
issues 2 download command to the HK68/V3D.

Configuring the Download Port

Notes:

EXAMPLE

In this example, the nvdisplay command changes fields in the
“Download” group, which contains fields for port selection, baud
rate, parity, number of data bits, and number of stop bits:

1. At the monitor prompt, type:
nvdisplay

Press <cr> until the “Download” group is displayed.
Press E to edit the group.

Press <cr> until the “Baud” field is displayed.

Type a2 new value.

Change other fields in the same way.

SN NEV I NS

<cr> over all fields whether you edit them or not, until the
monitor prompt reappears.

8. Type nvupdate to save the new value.
A cable reverser might be necessary for the connection.

Download Formats

Hex-Intel and S-record are common formats for representing
binary object code as ASCII for reliable and manageable file
downloads.

Both formats send data in blocks called records, which are ASCII
strings. Records may be separated by any ASCII characters except
for the start-of-record characters — “S” for S-records and “” for
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hex-Intel records. In practice, records are usually separated by a
convenient number of carriage returns, linefeeds, or nulls to
separate the records in a file and make them easily
distinguishable by humans.

All records contain fields for the length of the record, the data in
the record, and some kind of checksum. Some records also
contain an address field. Most software requires that the
hexadecimal characters that make up a record be in upper case
only.

Hex-Intel Format

Hex-Intel format supports addresses up to 20 bits (1 megabyte).
This format sends a 20-bit absolute address as two (possibly
overlapping) 16-bit values. The least significant 16 bits of the
address constitute the offset, and the most significant 16 bits
constitute the segment. Segments can only indicate a paragraph,
which is a 16-byte boundary. Stated in C, for example:

address = (segment << 4) + offset;
or segment S88S
+
offset 2000
address aaaaa

For addresses with fewer than 16 bits, the segment portion of the
address is unnecessary. The hex-Intel checksum is a two’s
complement checksum of all data in the record except for the
initial colon (). In other words, if you add all the data bytes in the
record, including the checksum itself, the lower 8 bits of the result
will be 0 if the record was received correctly.

Four types of records are used for hex-Intel format — extended
address record, data record, optional start address record, and
end-of file record. A file composed of hex-Intel records must end
with a single end-of-file record.

Extended Address Record

:02000002sssscs

: is the record start character.
02 is the record length.

0000 is the load address field, always 0000.
02 is the record type.

$88s is the segment address field.

cs is the checksum.
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The extended address record is the upper 16 bits of the 20-bit
address. The segment value is assumed to be zero unless one of
these records sets it to something else. When such a record is
encountered, the value it holds is added to the subsequent offsets
until the next extended address record.

Here, the first 02 is the byte count (only the data in the ssss field
are counted). 0000 is the address field; in this record the address
field is meaningless so it is always 0000. The second 02 is the
record type; in this case, an extended address record. cs is the
checksum, which is a checksum of all the fields except the initial
colon.

EXAMPLE
:020000020020DC

In this example, the segment address is 0020,. This means that all
subsequent data record addresses should have 200,, added to
their addresses to determine the absolute load address.

Data Record

:11aaaal0dld2d3. . .dncs

: is the record start character.

11 is the record length.

aaaa is the load address. This is the load address of the
first data byte in the record (d1) relative to the
current segment, if any.

00 is the record type.
dl...dn are data bytes.

cs is the checksum.
EXAMPLE
:0400100050D55ADF8E

In this example, there are four data bytes in the record. They will
be loaded to address 10, if any segment value was previously
specified, it is added to the address. 50, is loaded to address 10,
D5, to address 11,,, 5A,¢ to address 12,,, and DF,, to address 13,,.
The checksum is 8E,,.
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Start Address Record

:04000003sssso000CS

: is the record start character.
04 is the record length.

0000 is the load address field, always 0000.
03 is the record type.

$§SS is the start address segment.

0000 is the start address offset.

cs is the checksum.

EXAMPLE

1040000035162000541

In this example, the start address segment is 5162,;, and the start
address offset is 0005, so the absolute start address is 51625,

End-of-file Record

:00000001FF

: is the record start character.
00 is the record length.

0000 is the load address field, always 0000.
01 is the record type.
FF is the checksum.

This is the end-of-file record, which must be the last record in the
file. It is the same for all output files.
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EXAMPLE: COMPLETE HEX-INTEL .FILE

:080000002082E446A80A6CCE3F
:020000020001FA
:08000000DOEDOA2744617EFFE7
:0400000300010002F5
:04003000902BB4FD5F
:00000001FF

Here is a line-by-line explanation of the example file:

:080000002082E446A80A6CCE3F loads:

byte 20,, to address 00,
byte 82, to address 01,
byte E4,, to address 02,
byte 46,, to address 03,
byte A8, to address 04,
byte 0A,, to address 05,
byte 6C,, to address 06,
byte CE,, to address 07,

:020000020001FA sets the segment value to 1, so 10, must be
added to all subsequent load addresses.

:08000000DOEDOA2744617EFFE7 loads:
byte DO, to address 10,
byte ED,, to address 11,
byte 0A, to address 12,
byte 27, to address 13,4
byte 44, to address 14,4
byte 61, to address 15,
byte 7E,; to address 16,
byte FF, to address 17,¢

:0400000300010002F5 indicates that the start address segment
value is 1,,, and the start address offset value is 2,,, so the absolute
start address is 12,4.

:04003000902BB4FDSF loads:

byte 90,¢ to address 40,
byte 2B, to address 41,
byte B4,, to address 42,
byte FD,, to address 43,

:00000001FF terminates the file.
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S-record Format

S-records are named for the ASCII character “S,” which is used for
the first character in each record. After the S character is another
character that indicates the record type. Valid types are

0, 1, 2, 3,5, 7 8, and 9. After the type character is a sequence of
characters that represent the length of the record, and possibly
the address. The rest of the record is filled out with data and a
checksum.

The checksum is the one’s complement of the 8-bit sum of the
binary representation of all elements of the record except the “S”
and the record type character. In other words, if you sum all the
bytes of a record except for the “S” and the character
immediately following it with the checksum itself, you should get
FF for a proper record.

SO-records (user defined)

S0nndld2d3...dncs

SO indicates the record type.

nn is the count of data and checksum bytes.
dil...dn d1through dn are the data bytes.

cs is the checksum.

SO records are optional, and can contain any user-defined data.

EXAMPLE
S008763330627567736D

In this example, the length of the field is 8, and the data
characters are the ACSII representation of “v30bugs.” The
checksum is 6D,

$1., $2-, and S3-records (Data Records)

Slnnaaaadld2d3...dncs
S2nnaaaaaadld2d3...dncs

S3nnaaaaaaaadld?2d3...dncs

S1 indicates the record type.

nn is the count of data and checksum bytes.
Qa..a is a 4-, 6-, or 8-digit address field.
dl..adn d1 through dn are the data bytes.

cs is the checksum.
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These are data records. They differ only in that S1-records have
16-bit addresses, S2-records have 24-bit addresses, and S3-records
have 32-bit addresses.

EXAMPLES

S10801A00030FFDCI5B6

In this example, the bytes 00, 30,6, FF,s, DC,, and 95, are loaded
into memory starting at address 01A0,,.
$30B30000000FFFF5555AAAAD3

In this example, the bytes FF,q, FF, 55,6, 556, AAse, and AA, are
loaded into memory starting at address 3000,0000,,. Note that this

address requires an S3-record because the address is too big to fit
into the address range of an Sl-record or §2-record.

S5-records (Data Count Records)

S5nndld2d3...dncs

S5 indicates the record type.

nn is the count of data and checksum bytes.
di...dn d1 through dn are the data bytes.

cs is the checksum.

S5-records are optional. When they are used, there can be only
one per file. If an S5-record is included, it is a count of the S1-, S2-,
and S3-records in the file. Other types of records are not counted
in the S5-record.

EXAMPLE
$5030343B6
In this example, the number of bytes is 3, the checksum is B6,,,

and the count of the S1-records, S2-records, and S3-records in the
file is 343,

$7-, $8-, and S$9-records
(Termination and Start Address Records)

S705nnaaaacs
S804nnaaaaaacs

S903nnaaaaaaaacs

S7, S8, or S9 indicates the record type.

05, 04, 03 Count of address digits and the cs field.
a.a is a 4-, 6-, or 8-digit address field.

cs is the checksum.
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These are trailing records. There can be only one trailing record
per file, and it must be the last record in the output file. Included
in the data for this record is the initial start address for the
downloaded code.

EXAMPLES

$903003CCO

In this example, the start address is 3C,e.
$8048000007B

In this example, the start address is 800000,

EXAMPLE: COMPLETE S-RECORD FILE

S0097A65726F6AT56D707A
S10F000000001000000000084EFAFFFE93
S5030001FB

S9030008F4

Here is a line-by-line explanation of the example file:

S0097A65726F6A756D707A contains the ASCII representation of the
string “zerojump”.

S10F000000001000000000084EFAFFFEY3 loads the following data to
the following addresses:

byte 00, to address 00,
byte 00, to address 01,
byte 10, to address 02,
byte 00, to address 03,
byte 00, to address 04,
byte 00, to address 05,
byte 00, to address 06,
byte 08, to address 07,
byte 4E,¢ to address 08,
byte FA,; to address 09,¢
byte FF,, to address 0A,,
byte FE,, to address 0B,

55030001FB indicates that only one Sl-record, S2-record, or S3-
record was sent.

$9030008F4 indicates that the start address is 00000008,.
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Binary Format
The binary download format consists of a two parts:

Part 1. Magic number (which is 0x12345670) + number of
sections

Part 2. For each section,

1. The load address (unsigned long)

2. The section size (unsigned long)

3 A checksum (unsigned long), which is the long word sum of
the memory bytes from load address to load address, plus
section size.

4 Data

Note: If you download from a UNIX host in binary format, be sure to
disable the host from mapping carriage return <cr> to carriage
return line feed <cr-If>. The download port is specified in the
nonvolatile memory configuration.

Transparent Mode — transmode

The transmode command is a “transparent mode” for
communications between a host system and the HK68/V3D.

Note: For transparent mode, the “Baud” fields in the “Console” and
“Download” groups must be the same. ’

1. At the monitor prompt, start transparent mode by typing:

transmode
2. Use one of these key sequences to start the download:
For hex-Intel format: CTRL-@-Return

or CTRL-@-h

For Motorola Exormax forrhat (S0, S1, S2, S3,57, S8, and S9

records): CTRL-@-m
For binary format: CTRL-@-b

3 To return to the monitor, type
CTRL-@-ESC
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EXAMPLE

If the host is 2 UNIX system and you have a hex-Intel file called
foo.bex in a directory foodir to download, you can use the
following sequence:

V3D[1.X] transmode
UNIXprompt>cd foodir
UNIXprompt>cat foo.hex

Press CTRL-@-Return.

.......................... [dots continue during download)

V3D[1.X]

Serial Downloads — download

The download command lets you do serial downloads from a
UNIX system to the HK68/V3D. Add a -b flag to the command for
binary format, -h for hex-Intel format, or -m for Motorola S-
record format. If no flag is added, the default is hex-Intel format.

For example
download -b

downloads a binary file.

Executing a Downloaded Program — call

The call command lets you execute a downloaded program. Use
the syntax:

call function arg0 argl . . . arg?

You can specify up to eight arguments. The arguments can be in
numeric, character, flag, string, or symbolic format.
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DEBUGGING APPLICATIONS
The following commands are available for program debugging:

disassemble
dumpregs
settrace
step
exectrace

The settrace command allows you to set up control
configuration for tracing applications. A trace is started by calling
exectrace. The step command allows you to single-step through
a program after exectrace has been called. The disassemble
command can be called at any time to disassemble a block of
memory, and dumpregs can be called at any time to display
register contents.

The exectrace, step, and settrace commands call the functions
ExecTrace, Step, and SetTrace, which are described together in
the “Trace” page in the function reference. Details for the
disassemble command are given on the “DisAssemble” page of
the function reference, and details for the dumpregs command
are on the “DumpRegs” page of the function reference.
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Command Reference

TYPOGRAPHIC CONVENTIONS

In the following descriptions, italic type indicates that you must
substitute your own selection for the italicized text. Square brackets
[ 1 enclose selecti