AD3110/ADA3110
User’s Manual

®
W Real Time Devices, Inc.
“Accessing the Analog World ®
Publication No. 3110-9504C

ISO9001 and AS9100 Certified




Published by
Real Time Devices, Inc.
P.O. Box 906
State College, PA 16804 USA

Copyright © 1995 by Real Time Devices, Inc.

All rights reserved

Printed in U.S.A.

Rev. C 9504




Table of Contents

INTRODUCTION i-1
Analog-t0-Digital CONVEISION ......couveueiiirtic it sttt saee s saassabe s sas s tanenens i-3
Digital-to-Analog Conversion (ADA3T10 OnlY) .cc.oovrieiniinineserternrrereeeieaeeessesesssnessessessesessneesssessessessessens i-4
8254 TAMET/COUNLETS ..c.veeieiirieieiiieireeseeteeece e rtetete e et estssessastssnesassestesesatasteransantassessensossormesensessersesernsessessensens i-4
DEGIAL IO ...ttt ettt estaesse e s tas st s et st e s st e s s ot e s s e st s e e a et e s e s e st seser b ot sneeearenaatesbabentenenranen i-4
What Comes With YOUT BOAIA ....o.iimirieivriienricinieienenierereeneesesssessssesesesstssssensesessesessesosesesssssssssssmmnesessesesnenes i-4
BOArd ACCESSOTIES ...c.eevieririniiiiiiniisteteesateertese s e seesteteseesenestss e st ctest s e seseent et e aresssrsarnesnosssresressestanesssnsensenessesnton i-4

Application SOftware and DIIVELS ...ttt st tessssssssssstesesssssassessssssssssies i-4
HArdWAre ACCESSOTIES .....coccerrevirtiinreceeetrieesecereaniesaesestesesesssessesessestesnesseseasassertossersesessessesssssenssnssnsencensossnessesnenes i-5
USINg This MAnUAL .......ocorviiiiiitiitiiiii ittt e e e et st ste e s e e te e s e b asa s asasbasernesassernosassennasesnsenes i-5
When YOu NEed HEIP ...couvoiiiiiiiiiicitctteet ettt st sttt s san s e s sb e asbesressessensssnssnentsononsanesasen i-5

CHAPTER 1 — BOARD SETTINGS 1-1

Factory-Configured Switch and JUMPET SEHNES .......ocvverevreerremrirererrneesinernseneeee e senesesessseesesesssssssssesesseosnseesenes 1-3
P5 — A/D Data Word Bit State Set (Factory SEtNZ: 4/-) cvceurevecerrrssiriscresnrrneresssssessesssesssssessssssssssssessssesseres 1-5
P6 — Analog Input Voltage Polarity (Factory SEtting: +/-) c..coeveuecreeeireceeeeieceiesieeseesereeseseeeeeeesesnesesssssessanes 1-5
P7 — Input Voltage Range (Factory Setting: LOV) c...ccvvvivevrererenineiteertrinieneets s sreseete e ssesessssessesenns 1-5
P8 — DAC 1 Loading Source (Factory Setting: GIND) ........cocceeieieiieneeieteeierectieesee et et seesteseeseseeeseseeseneees 1-6
P9 — DAC 2 Loading Source (Factory Setting: GIND) ......ccoceeievererrereneriesnrenrineesscssssressessosssssseesessessesessesses 1-6
P10 — DAC 1 Output Voltage Range (Factory Setting: +5 10 =5 VOIS) ...ccccverrrrvirieveirinerrinecrinsrssesressesessesuns 1-6
P11 — DAC 2 Output Voltage Range (Factory Setting: +5 t0 -5 VOIS ) ...coevvverrvirrereeeeeieeieeere e sereneenenes 1-7
P12 — TC2-A Clock Source Select (Factory Setting: OSC) c..ccucovieriereneerinieesrerestesessesereseesesssesessesssessesessne 1-7
P13 — PCK (TC1-A) Clock Source Select (Factory Setting: OSC) ....coveveeeeeieiereesreeereseeresesecsreeesnsressessssenens 1-8
P14 — TC2 Gate Source Select (Factory Setting: +5V) ......ccecvcveeereceveenesnsesanenns etistesteee s resaeereesreesrsssaasans 1-8
P15 — TC2 Timer Out Select (Factory Setting: OUT2 (TIMET C)) ..ovecvvrevrermirincmreieesteessesesseseneseesesessesesses 1-8
P16 — IRQ#1 Interrupt Channel Select (Factory Setting: DiSabled) .......cccoveuvvveeevereeeeiiiiiieiiieeereeereneeseesenenenns 1-9
P17 — TC3-A Clock Source Select (Factory Setting: OSC) ......covueereirrenreerririineeeeescseeesesesessensessesssseenesenn 1-9
P18 — TC3-A & B Gate Source Select (Factory SEtting: +5V) ..ouvuievveereeeeneisieeiessesescseeresesesssessenseesessansssens 1-9
P19 — IRQ#2 Interrupt Channel Select (Factory Setting: Disabled) ........ccoocveeemrereiniecnieeeieeer e eenecnens 1-10
P20 — Single-Ended/Differential Analog Inputs (Factory Setting: SE (16 Single-Ended)) ......ocecevrvnrrerriinen 1-10
P21 — Simultaneous Sample-and-Hold Select (Factory Setting: NOR) ......cccevvuevreiieeieeeccneieseeneeerreveenens 1-11
P22 — P3 1/O Pin Signals 1 Select (Factory Setting: PB6, PB7, PAG, PA7) ......ccooeevevnenreeienesreesnseeresssens 1-11
P23 — P3 /O Pin Signals 2 Select (Factory Setting: PB4, PBS, PA4, PAS5) ..ocvoiieeeoeeeeeeeeeereeeseeesseeranans 1-11
P24 — SIGN/FIFO Select (Factory Setting: SIGN) .....ccoccocevivireireieneiterenieenmicinee e sesiesesessesoesesesssesesssnenns 1-12
S1 — Base Address (Factory Setting: 300 hex (768 decimal))........ocoueeerereireeeeeeereeeeeeeeeeeeeeereseeseeseseensneseaes 1-12
S2 — Differential/Single-Ended Ground Switch (Factory Setting: CLOSED ) ........ocovveemierenreeeseesererseenns 1-13

G, USer-Configurable GaIMN .......civieureeieerirnirecieticiinteretesestessscresssessssosasessssresesresessessssessasesessessesenssssnsessesenses 1-14

Pull-up/Pull-down Resistors on Digital I/O LiNeS .........c.cvueeereiirerereenieeieeneeecee et seseseseeseesesseoeessasesens 1-14

CHAPTER 2 — BOARD INSTALLATION 2-1
BOard INSTAILAtION ......oucviiiiiiiiiicictcecrcecee st ste e ere ettt en e e s s sasseseseseesesennesseseeasssasaemsesessssarennas 2-3
External I/O CONNECHONS ......ccoouiiuieieicireniirnsireseieesetesssesistesseresssessesssessesenssressosesonseneesessesessenessesssssssssssnesessssssasses 2-3

Connecting the Analog INPUL PINS .....co.cvioiiriiireieiiieninesecereeee ettt e see e s stensasesaessessnesesnsenen 2-4
Connecting the Trigger In and Trigger Out Pins, Cascading BOArds...........c.ccovuvuerirreenueeeesereressssssseesssessesenens 2-6
Connecting the ANAIOZ OULPULS .......c.cccrivireiieieiririiereeesrsretcaneerreseeesessesstenseseeesseeessesensesessessasassesessessssenseses 2-6
Connecting the Timer/Counters and Digital IO .........ccovoeeeririveeriiieeceeeeeee et esereeeeeseeeseessssese s essssssassens 2-6

Running the 3110DIAG Diagnostics PrOZIAIM ..........coeveieuereternrvenerieresssenessseseessessreresensesseesessessesssssssssesesesssssenssns 2-6




CHAPTER 3 — HARDWARE DESCRIPTION 31

A/D CONVETSION CIICUIITY ..voiiiriinirireinienicii ittt oo esesa st sr e bbb osesben s s s oneseneen 3-4
ANAIOE INPULS .ottt sr s s b s s b s s r b s s 34
ASD COMVEILET ..uvveerecrererseriorisisisiesms ottt obestst et st seseneebesesssrsstassbesssssnsenensassnestonestasesesssstsssnsssssontneensssensasssnss 3-4
FIFO IREITACE ....vveeeereeiiiristiriistisi o eecstte e ensa oo senesesbe bbb sbe st b ene e sse e senssesesseen e st eassnesentenemsanssssasens 3-4

D/A Converter (ADA3TI10 ONLY) ..cuvivuiiiiiiiicccierecet ettt et s e en e ee e s messar st emnesmsemsseonasnnennesacs 3-5

THIMEI/COUILETS ....veeveeververesseneeeereeseotssessessesseatestresreestestateseseseeseestencaatesesteseostssestantenssaseseasestesosesestententastentesansesnsases 3-5

DHGIAL HO ...ttt e et s st b s s et a s R s R et e a st asan s e ses 3-6

CHAPTER 4 — BOARD OPERATION AND PROGRAMMING 4-1

Defining the IO MAD ..ottt a s e et 4-3
BA + 0: Port A & Port B Digital /O (Read/WIIe) ..c..coueeiiremiriiiintiricerereccrcecstnceseceeesaessesaessrasrsnsvaensesnens 4-4
BA +2: Port C & Port D Digital /O (REad/WTILE) ......ccvveerereerererrenrivirrreeeiresteesesseeeenessesesessssessesasasssessasnnns 4-4
BA + 4: Channel/Gain/Board Functions Select (REAA/WTILE) ........ccccruriertrrinccnecuernneesireeneneresesressosseraerasssessons 4-5
BA +6: Scan/Burst (REAA/WTILE) .....cc.vuervreeererererriserienterssrsessssessesresssesessstsestosestassssssensasssessesessessessnsansssssnens 4-6
BA + 8: IRQ Source Select/IRQ Enable (Read/WTIte) ......cccoeviviiniiiiieereeniriterterereeeeeceeereasnseesseseassesnanseses 4-7
BA + 10: Read FIFO/Clear FIFO (REAA/WIILE) .....ccrecueerirrreneiererrreneniensssesssrassvessesssessssssessessasssessasorsesssensessens 4-7
BA + 12: Status/Start Convert (REaA/WTILe) .....ccorveeerrerrerrirerenteteneeessnecseerersnessesssessesesssessassressessseessssssensanse 4-8
BA + 14: Clear (Reset) Board/Load Sample Counter (Read/WTite) .......cccooveremreirecrinenicninneeceseesceinninseennens 4-8
BA +16: 8254 Timer A (REAAWTILE) ....cccvereerecioerieeerereriesresisesssessseessessssessessssasssesessesssesssessssenssnesssessnsossrsons 4-8
BA + 18: 8254 Timer B (Read/WTIE) ....ccccoieerrivirrenrenanrercaienteerereeesensassusssssessossssarsesseonersessersessessensasnsesssenson 4-9
BA +20: 8254 Timer C (REAA/WTILE) ....ooverererieeeecieieeieeeeerrsresrenesssessassaessesseessasassnsessasssesserasessessssontensens 4-9
BA +22: Timer/Counter Control Word (WIite OnlY) ....c.cocceerrirrecrirmminnieionessessesiessssessessessensessassessessssessonnes 4-9
BA + 24: Clear DMA Done Bit (WTIte ONLY) ......c.covvuivcrererecreeieeentieereeeeeseestseesssessesessesessosessesesssesessassssens 4-9
BA +26: Update DACS (WIIE ONLY) c.ccomieciiiciiiiireiecrreecscsit e sessstsaestsesessssesasssssesesassessasessaneasessssanes 4-9
BA +28: D/A Converter 1 (WTILe ONLY) ....ovvirveiiverireeerecerireestese et eicessesteseesnesessessessesbossossossssssssessessessensenes 4-9
BA + 30: D/A Converter 2 (WTIte ONLY) ..c..coivreverreveecertecrrerrcieneis et esaeseessessseesenseessssessnsseesaessnssaesnsen 4-9

Programming the 3110 ..ottt sese e s e s e e et e e e st e e et e nan 4-10
Clearing and Setting Bits in @ POTt ....c.covimiiiiiccre et ree et e seese st e aniasanerans 4-11
ASD CONVETSIONS ...ccvtiuiuieniirenniniiintirteseeareesie st sesaesasateseeestenesatesssesotvatssessassoressersessassassessissaresssenmassennonsessorses 4-12

Clearing the BOAId ........coiivniiriiirinireierseeniesetsassesssesessssssesssessssessssnssssesssassssssstsssssssssssasssssessenssaonsonsasens 4-12
Clearing the FIFO ...t reeestsesce e sene s sesasastseassesenssesesesesenssesssssesssesssssansssasssess 4-12
Selecting @ CHANDNEL .....coviiieret ettt ess e es s ses e et s st nes 4-12
SEtting the GAIN ..ot ettt eet e et et er et srrsesas s et e b ase et sarsestssssbessasasesensassannsanes 4-13
A/D CoNVETSION MOAES .....cvverviriiiiiiiiiincsiaitistsessesissistotssstossessssssssssssessssessosssessresesssasassssssasensasesas 4-13
TYPES Of CONVETSIONS .....eiviviniiiisiitirieteicereeererestereneessestesesseesestosensnesstassststesassssassessstestssessasastetssssersosessessones 4-15
Starting an A/D CONVETSION ......ociiiuiiiiiiirieiiiincetiesie s resststssstssssasesessssesasesesessesesesassssesssertssesssssssnsiarneseses 4-18
Monitoring Conversion Status (EF Flag or End-0f-Convert) ........ccocvovoveernverrrcniresseensrnseesseescsseese e 4-18
Halting CONVETSIONS ...ouvvtiirriiietiintiiii ittt s s et sia s st e e et s e ses e s stees e et eatsbasaasaaseses 4-18
Reading the Converted DAta ..........o.iiiiiiiirininiceitestsesesaesesesesssesesrsresssssnssnsssssseesssessssssasansessssnes 4-18
Using the A/D Data MAarKETS.........ooucuimiioeieeieneieerte ettt sesesaeses st sesssseses e s sasassasssstosse e s senns 4-20
Programming the Pacer CIOCK ......couruiiiiiniiiiieiiii e st e sesesesesareesesessesnsassssnassssassnans 4-21
Programming the Burst ClOCK.........ouiiiiiiiinriccicreereceere s iranse st serasere s sssenssnetssssasssssnssensseasenens 4-22
Programming the Sample COUNLET ........ccc.civirirererenererereseterenteseseseestsasesssassesassasessasassssesssssasesssssssssseseons 4-22
IRECITUPLS .oeevinitiiticreic ettt s et s st so et e s e as et eateseeassateaessaseesstereensassassas 4-23
What Is an INEEITUPLY ..ottt et s sae s s st s e st s e sas s e s e e s e s e 4-23
Interrupt REQUESE LIMES ...cviiviiiiriisiiciiiinicreenieesreiessessosesesessessorensesesassssesesessessssssasseseesessasessessnsessesessonsns 4-23
8259 Programmable INterrupt CONTOLIETS .......coeiieriieereiietern e trertretre s s e e e e ses e saestessesassreesesanonsoneas 4-23
Interrupt Mask Registers (IMR) ....c..cucouieririnineriintiisensectsesesesstsieseesesseteessesenessssensssssssssssssssessessssereeesnenes 4-23
End-of-Interrupt (EOI) COMMANG .........cooviiiriieieerenierecertteenteniissss et sesesessssssssesssesesessenerssessesensanas 4-24
What Exactly Happens When an INtermupt OCCUIS? .....cverreirmeeierennmieerirerereseseresesesesssesessss s sessssssseseessesenes 4-24
Using Interrupts in YOUT PTOZTAINS ........cccovuimiuivemioinsinreneenicntreneesrseserssssssssessssessssesesssssessssssesssesssosessses 4-24
Writing an Interrupt Service RoUtine (ISR) .......covcviveriieiriiereerinrenieceisreeeree e eseseresesseseesseessossesssesensessesnen 4-24

i




Saving the Startup Interrupt Mask Register (IMR) and Interrupt Vector ...........ccccvvniimiivenevecsinnincinnens 4-25

Restoring the Startup IMR and INTEITUPE VECLOT .....cccceviriieiminiiinineitencrie st semsceseeteseste et eessnesasesssens 4-26

Common INerrupt MISEAKES .....oovevioririiiiiiiiiinteii ettt st srest et e eeesesnesenes 4-26

Data Transfers Using DMA .......coooiviriiiinnncccrenenreesesnetisssessessssnasesssosesesesesseassens e 4-27

ChooSing @ DMA Channel ........ccvviiiiiiiccreietre sttt sen s ss st sosns s st et sassesasueses s sae sesseses 4-27

Allocating 8 DMA BUffer .......co.ooiiiiiiiiiccccei ettt sessees e nssas st ssssssssssesessnssesnsens 4-27

Calculating the Page and Offset of @ BUffer ... 4-28

Setting the DMA Page REZISIET .....cueeevrireererenerieierriiierssrsessecesssnesestsassensssensosssasssssrsssessessasssssssossssersssssenss 4-29

The DMA CONIOMIET ....cuvivervreieteeerietitintnteesesar et e seste st e set st sas e e sae st et et e bt see st e et sstsetasansesnsssssseannarsns 4-30

DMA Single Mask REZISIET .....coooiirimiimiiiiiiici ittt sssssssessst s sttt b enesnessasasesseseaces 4-30

DMA MOGE REZISIET .....cnvvveniriniiniireteteneit sttt bbb et sr et ssesaassesens 4-31

Programming the DMA CORIOIIET .......c.ccoinviiiiiiinniiiiniinnrsisis sttt sseseosssonasessesess 4-31

Programming the 3110 for DMA ...ttt e b e 4-31

Monitoring for DMA DONE .....cociviiiiniciriiiiiiiiinsnise st ssss st saesesessesessssessnsesas 4-31

CommOn DMA PrODICINS ......cccoviriiiniriermereereenteiaeretneentstosssissisrsenrosestosstsstsssstonsssosostorssanssnrassssssenssesenssses 4-31

D/A Conversions (ADASTT0 OnLY) c..cuoiieiieiiiiiieeieeieeentesescctonceeesies s sr sttt st st assrestsaranessaensensesesseeses 4-32

THMEI/COUNLETS .....ecrverieseceneterereeserteit st st st sses e e sae st et eeserae et e st s it ente e e saeabenes st s sbe st satsateraessssarsansassansansrssenean 4-33

DAZIAL IO ettt ettt ee e s bas bt sra et s be bbbt se ettt n et 4-35

Example Programs and FIOW DIaZIamS ..ottt esssss e essessinaesesasessesnesssessases 4-36

C and Pascal PrOZTAIMNS ...c.ccoveiiieiiriiiiiei sttt s st se st et e sa st s csas e s s eses st araansnstensansaseerens 4-36

FIOW DHAZEAINS ......ecvreerreeeeeieinrenicitiiistin s cece s et cceesaesatsee st ssassbesstsnsesaessessessreseeseesassnsenstssreerenssessessensssessraseens 4-37

| Single Convert Flow Diagram (FIGUIe 4-11) ..ccoeeiiniiiiininiiiictiieceenenteisnensessescsesssnessessessssnessssseseas 4-37
FIFO Flow Diagram (FIZUIE 4-12) .....ce.ovrumrrrerssumsssssssssssssesssssssssssssssssssssssssssssssssssssessssessarssssssessensees 4-38
| DMA Flow Diagram (FIUIE 4-13) ...ccourmmririeienireieteniseesesentenentssstssesestesessonsssenesesssssonsasassssassessssassssans 4-39
Scan Flow Diagram (FigUIE 4-14) ..ottt ettt eseesesstsssesessestssnessenessssnessonsense 4-40

Programmable Burst Flow Diagram (Figure 4-15) .......ccccoveiiiniennennnrenenerncreeesesestessetssesressessesesssens 4-41

Interrupts Flow Diagram (FIUIE 4-10) ....c.ccociiveiiiieriintireneintnissesssesessessesessesesssssseasasssssnsensssesessessens 4-42

| Simultaneous D/A Conversion Flow Diagram (Figure 4-17) ......cceoeevereverrenencereerconsrrennesssssissnssssssnnns 4-43
] Asynchronous D/A Conversion Flow Diagram (Figure 4-18).......cccoviniiiivcniiciniisenicnnieninnisnennsnieseenseeens 4-44
| CHAPTER 5§ — CALIBRATION 5-1
Required EQUIPIMENL .........covivinininiiniiinisicnrccreeeteeencssaeseesescssmsesssssssssnssassasssnoses e e s sen et ane 5-3

ASD CaliBTALION ..u.oveeneeeeceieiiiiiiiiesiterit st neecsesn e s sse e seeseeesessesee et aseseesssesseotstssesessssnsosensassssntesssaasssssssasanssns 5-3

UnIpolar CalibTAtiON .......coouiiiiiniiiinniiieccete e rtereseeseetsessesessate e see e sesss st sassesasstsnsstssestasassesessnsanseseasasaases 5-5

Bipolar CalibTAtION ........cocivuiiiiiiiniiiiicie ettt ae e ses et e se e et sar e ses st e et ses st e se st e e e e sn e e e snastrases 5-6

Bipolar Range Adjustments: -5 t0 45 VOIS ..ot tiintreeereseestetecesst s sesesassesssassesssssssssssessansenes 5-6

Bipolar Range Adjustments: =10 £0 410 VOIS ......c.cocvirierennerrereiiineneeieneiesessivnssenessssessessensssesessssssesasssrasans 5-6

GAIN AGJUSHINIENLS .....ccveriiuieririiteitinteee it rteets e sesresiestesranresssessnetsssestansassasassansessessessesesssnsassensessmssensonsessensesaresesnsen 5-6

i D/A Calibration (ADAZI10) .ot enretsersestassesssessasas e e sersssseressesesssssassestetstssesenssnsssesesensnsansens 5-7
APPENDIX A — AD3110/ADA3110 SPECIFICATIONS A-1

APPENDIX B — P3 AND P4 CONNECTOR PIN ASSIGNMENTS B-1

| APPENDIX C — COMPONENT DATA SHEETS C1
| APPENDIX D — WARRANTY D-1

i







List of Illustrations

1-9

1-10
1-11
1-12
1-13
1-14
1-15
1-16
1-17
1-18
1-19
1-20
1-21
1-22
1-23
1-24
1-25
2-1

2-3
2-4
2-5
3-1
3-2
3.3
3.4
4-1
4-2
4-3
4-4
4-5

4-7
4-8

Board Layout Showing Factory-Configured Settings ..........cooviviiiininnieninniinnceccenne e eenens 1-4
A/D Data Word Bit State Set JUMPET, P5 .....o.ooniiiiereieceetetnriereesaetesentnsnesrneeesreraesvessaessesseesessseens 1-5
Analog Input Voltage Polarity JUMPET, PO ..o 1-5
Analog Input Range JUMPET, P7 ...ttt e see et 1-5
DAC 1 Loading Signal Jumper, P8.........cooreivioiiriiitinncnctissecnse s seess e sensae s e 1-6
DAC 2 Loading Signal Jumper, PO ........cc.vviiiinineissisrenssrerrest st sesesens 1-6
DAC 1 Output Voltage Range Jumper, P10 ...t 1-7
DAC 2 Output Voltage Range Jumper, P11 ..ottt 1-7
TC2-A Clock Source Select Jumper, P12 ..ottt ectssvestesster e reesenes 1-7
PCK (TC1-A) Clock Source Select Jumper, P13 ...c.ooooiiiiiiie ettt 1-8
TC2 Gate Source Select JumPET, P14 ...t e ses s e e 1-8
TC2 Timer Out Select JUMPEL, P15 ....c.coviiiiiiiiiiiiiniic et et ereseesesessesessestessssssessnssesessosnene 1-8
Interrupt Source 1 Channel Select Jumper, P16 ... eeseseees 1-9
TC3-A Clock Source Select JUMPET, P17 ...ttt seneecresenresvesasasones 1-9
TC3-A & B Gate Source Select Jumper, P18 .......c.oooivriciiienctnreteeeen e e es 1-9
Interrupt Source 2 Channel Select Jumper, P19 ..ot sesese e s 1-10
Single-Ended/Differential Analog Input Signal Type Jumpers, P20 .......cococovivnviiivnnonnnnninnrenenne, 1-10
Simultaneous Sample-and-Hold Select Jumper, P21 ... 1-11
P3 I/0 Pin Signals 1 Select Jumper, P22 ...ttt e s ssesenenes 1-11
P3 /O Pin Signals 2 Select Jumper, P23 ..ottt seeeseessesaesssnens 1-12
SIGN/FIFO Select JUMPeT, P24 (......coiiiiiiinisieneresteresseesssnssassessessesssnsersesessnssmsssssessasessesssassssssens 1-12
Base AdAress SWILCH, ST ..ottt csesrereesessseessssesnsareessssstrtssssesssseessssssestaessssassnssnens 1-13
Differential/Single-Ended Ground SWitCh, S2..........ccvecivrierernenrrreteeneneireneincsesessentesessesnsseensesossons 1-13
Gain Circuitry and Formulas for Calculating GX.........cccceveerimerneresisesioneeteneesesesseseseeeseesssssiessasssseseons 1-14
Pull-up/Pull-down ReSIStOT CITCUIITY ...c..eueeermirerieireriieeerisntssnesssessesesssssstesessasssnssssessanessassssesseonsornsssssonss 1-15
P3 and P4 /O Connector Pin ASSIZNIMENLS .......cocveeerirarereriorererieerirsesssiessesnessessessssssessasessasnssessssessonsones 2-4
Single-Ended Input Connections, No Dedicated GND ..........ccocvevvreecreriererentnesinnetrsesssssssnessosessessesences 2-4
Single-Ended Input Connections, Dedicated GND .........c.cocvuevirrrerinreieniniininiesieeerseeteesresnetessesssrnseenes 2-5
Differential INPUt CONNECLIONS ....cccvuererierietrieriieriicietrirrtrsrseres st sssssssrsetssesassssssesssstesesesssnsrssessssesssesssees 2-6
Cascading Two Boards for Simultaneous SAmpling .........c.cccvevrrveriveeererrnensesusnreniereisnssmsnsessesesessesssssesens 2-7
AD3110/ADA3110 BIOCK DIAZIAIM .....eeeereererrienierierenreeeseiesesesnessestessssssesssssessssesassssessessesessensssseses 3-3
TIMEr/COUNLET 1 CITCUIL ...cueetirieriurrinerenreereesenstretiseeserseese et sasesesssssssessessesesesssasssaasasessasensasesssnsosessonsones 3-5
Timer/COUNLET 2 CHICUIL ....vivviiiieiiiciccceeee st eteeete s esensasee b b eststs et stt st st eaes s ran s abenenenanesene 3-5
TIMET/COUNLET 3 CITCUIL ...uevierrieireneeenccrteertreeetseesree st srese s s se st sesseaseseaseseasesassesensasassasensonnotsnsonsanenes 3-6
A/D Conversion SEIECt CIICUILTY ......cocervcerreriuerrrrrrercreetreesesstessrestesserseessesssesassssssesssassesssesssessssssessessaes 4-14
Timing Diagram, Single CORVETISION .......ccccevirreevinieienteeioterenteereee et setsesessestesesesseseesessassesssronsasenes 4-15
Timing Diagram, Multiple CONVETSIONS ........cccvurrerremeienerenenenirnererenecsesesseestsessesesessosssssmsnssesnsssssseneas 4-15
Timing Diagram, Automatic Channel SCaN ...........ccccvuerieieceiienirecieseeeerr et see e ssresessesas 4-16
Timing Diagram, Programmable BUISt...........ccoerieincnnnieeeceneeieeeeeneeeeensstsnsvesssnesssnsssssssssesesennas 4-16
Timing Diagram, Programmable MUulti-DUISE .........cccccovieiinvienienennnennirnnnee e esseneseese e setereneseas 4-17
Storing Digital Data with Analog Data at the Acquisition Rate .........cccccoevevcrvevinernnrrnneieee e, 4-20
Data Marker CIICUILTY .....cciveieuiniiieieenscntentetesceresirstes e sesseseneestasesarseesessessassessessessassestessessessessnsessrssenne 4-20




4-7

4-9

4-10
4-11
4-12
4-13
4-14
4-15
4-16
4-17
4-18
5-1

Pacer Clock BIOCK DIAZTAIN «....veerrmrurerireirirteaereeseretrsentreseaeeseneenesrnssesmonssmssanssesessesesnestesssssssssresseses 4-21

TiMEr/COUNtEr 1 CATCUIL ...cvuvitiirtiriiieireeec ettt sttt e st sa bbbt r e s sneabessaaes 4-33
TIMET/COUNLET 2 CIICUL c.veeveeriiiiiii et seee ittt eras e b e s s b s b n s eaesbs s sassn b s saeseresasanananns 4-33
TIMEr/COUNLET 3 CIICUIL ..eceevereerenintitiiee ettt er s s staesesssasas e b s s er s s s bbb e b b s s e s s ba s e b e s ma b es 4-34
Single Convert FIowW DIagIram ........cocvviiiiiiiiiiiiiieii st sts s sses s ass et sssssass s nssssesesssanes 4-37
FIFO FIOW DIAGIAIM ..cveneeciniienieinitiinecees sttt istsrssssesassressssssssssesassasrassees s nss s sessesasnsnsonsonessnsanesenes 4-38
DMA FIOW DIGZIAIT c.vcveeieceireneitiieenene ettt st st eensste s ssessessesaosesr e e e s s tess s s snsss e st sanssesnssnesn 4-39
Scan FIOW DIQZIAM ....c.coecvrenmiiiiiiticcsicitie et sa e b et e s eas bbb a s e se s e b e s s n s 4-40
Programmable Burst FIow DIagram ...........cccoiveiimiinneieninnn ettt sesenennes 4-41
Interrupts FIOW DIagIaml ...c.c.oiiiceiiiiccrercete sttt e 4-42
Simultaneous D/A ConverterFIow DIiagram ........coceeveveeeniirrcceninneneniininenies e sansseessessessosens 4-43
Asynchronous D/A Converter FIow DIiagram ... 4-44
BOAIA LAYOUL .cveveceeriimiiiviinics it sasses s besse s st s aten s r s s e ettt 5-4

vi




INTRODUCTION







The AD3110 and ADA3110 DataMaster™ series boards turn your IBM® PC AT or compatible computer into a
high-speed, high-performance data acquisition and control system. Installed within a single expansion slot in the
computer, each 3110 series board features:

+ 8 differential, 8 single-ended with dedicated grounds, or 16 single-ended analog input channels,
12-bit, 5 microsecond analog-to-digital converter with 200 kHz throughput,

+5, £10, or 0 to +10 volt input range,

Programmable gains of 1, 2, 4, 8, 16, and Gx,

Automatic channel scan,

Programmable burst and multiburst,

Programmable pacer clock and burst clock,

Programmable sample counter

On-board FIFO interface and DMA transfer,

Trigger in and trigger out for external triggering or cascading boards,

4-bit analog input data marker,

16-bit AT bus compatibility,

32 digital I/O lines with optional pull-up/pull-down resistors,

Three 16-bit cascaded timers and two 16-bit cascaded counters for user functions,
Two 12-bit digital-to-analog output channels (ADA3110 only),

15, £10, 0 to +5, or 0 to +10 volt analog output range (ADA3110 only),

Turbo Pascal and Turbo C source code; QuickBASIC library; diagnostics program.

L L] [ ) L] . L L] L] [ ] L] * L] [ ) L] L] *

The following paragraphs briefly describe the major functions of the boards. A more detailed discussion of
board functions is included in Chapter 3, Hardware Operation, and Chapter 4, Board Operation and Programming.
The board setup is described in Chapter 1, Board Settings.

Analog-to-Digital Conversion

The analog-to-digital (A/D) conversion circuitry receives up to eight differential, eight single-ended with
dedicated grounds, or 16 single-ended analog inputs and converts these inputs into 12-bit digital data words which
can then be read and/or transferred to PC memory.

An on-board header connector lets you jumper the inputs for differential or single-ended operation. When in the
differential mode, the analog input channels can then be individually set for differential or single-ended operation by
using DIP switch S2, located on the top edge of the board near the I/O connector for easy access. This feature lets
you mix differential and single-ended input channels. The input voltage range is jumper-selectable for bipolar ranges
of -5 to +5 volts or -10 to +10 volts, or a unipolar range of 0 to +10 volts. It is not necessary to recalibrate after
changing the input range or polarity. The board is factory set for a range of -5 to +5 volts. Overvoltage protection to
135 volts is provided at the inputs.

The high-performance A/D converter supports fast-settling, software-programmable gains of 1, 2, 4, 8, 16, and
Gx, where Gx is a custom circuit which can be configured for any desired value greater than 1 as described in
Chapter 1.

A/D conversions are performed in 5 microseconds, for a maximum throughput rate of 200 kHz. Conversions are
controlled by software command, by an on-board pacer clock, by using triggers to start and stop sampling, or by
using a sample counter to acquire a specified number of samples. Several trigger sources can be used to turn the
pacer clock on and off, giving you exceptional flexibility in data acquisition. Automatic channel scanning and burst
and multi-burst modes are supported. A first in, first out (FIFO) interface helps your computer manage the high
throughput rate of the A/D converter by acting as an elastic storage bin for the converted data. Even if the computer
does not read the data as fast as conversions are performed, conversions can continue until the FIFO is full.

The converted data can be transferred to PC memory in one of three ways. Direct memory access (DMA)
transfer supports conversion rates of up to 200,000 samples per second. Data also can be transferred using the
programmed I/O mode or the interrupt mode. A special interrupt mode using a REP INS (Repeat Input String)
instruction supports very high speed data transfers. By generating an interrupt when the FIFO’s half-full flag is set, a
REP INS instruction can be executed, transferring data to PC memory and emptying the FIFO buffer at the maxi-
mum rate allowed by the data bus.
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The mode of transfer and DMA channel are chosen through software. The PC data bus is used to read and/or
transfer data to PC memory. In the DMA transfer mode, you can transfer a selected block of data in a single data
dump, or you can make continuous transfers directly to PC memory without going through the processor.

Digital-to-Analog Conversion (ADA3110 Only)

The digital-to-analog (D/A) circuitry features two independent 12-bit analog output channels with individually
Jjumper selectable output ranges of -5 to +5 volts, -10 to +10 volts, 0 to +5 volts, and 0 to +10 volts. Data is pro-
grammed into a D/A converter in a single write operation. Both DAC outputs can be updated simultaneously by
setting the jumpers on P8 and P9 to LDAC and sending an update command. Or, the DACs can be updated asyn-
chronously as soon as new data is written by setting the P8 and P9 jumpers to GND. Access through DMA is not
available.

8254 Timer/Counters

Three 8254 programmable interval timers, TC1, TC2, and TC3, each contain three 16-bit, 8-MHz timer/
counters to support a wide range of board operations and user timing and counting functions. Two of the timer/
counters in TC1 are cascaded and used internally for the pacer clock. The third timer/counter is used as the burst
clock. The three timer/counters in TC2 are cascaded for timing applications. Two timer/counters in TC3 are cas-
caded for counting applications and the third timer/counter is the sample counter.

Digital I/O

The 3110 has 32 TTL/CMOS-compatible digital I/O lines which can be directly interfaced with external devices
or signals to sense switch closures, trigger digital events, or activate solid-state relays. The lines are grouped in four
eight-bit ports, Port A, Port B, Port C, and Port D. Ports A and B are addressed at a single 1/O location, and Ports C
and D are addressed at a single /O location. Each group of eight lines can be configured with optional puli-up/pull-
down resistors.

Four high-speed digital input lines, synchronized to the A/D conversion rate and stored in the FIFO, can be used
as a four-bit data marker without interrupting the conversion process.

What Comes With Your Board

You receive the following items in your AD3110 or ADA3110 package:

¢ AD3110 or ADA3110 AT compatible interface board

* Software and diagnostics diskette with example programs in Turbo Pascal and Turbo C; QuickBASIC library;
source code

» User’s manual

If any item is missing or damaged, please call Real Time Devices’ Customer Service Department at
(814) 234-8087. If you require service outside the U.S., contact your local distributor.

Board Accessories

In addition to the items included in your 3110 package, Real Time Devices offers a full line of software and
hardware accessories. Call your local distributor or our main office for more information about these accessories and
for help in choosing the best items to support your board’s application.

Application Software and Drivers

Our custom application software packages provide excellent data acquisition and analysis support. Use
SIGNAL*VIEW for data acquisition, real-time monitoring, and analysis, and SIGNAL*MATH for data acquisition
and sophisticated digital signal processing and analysis. rtdLinx drivers provide full-featured high level interfaces
between the 3110 and custom or third party software. rtdLinx source code is available for a one-time fee.




Hardware Accessories

Hardware accessories for the 3110 include the MX32 analog input expansion board which can expand a single
input channel on your 3110 to 16 differential or 32 single-ended input channels, SS series four- and eight-channel
simultaneous sample-and-hold boards, MR series mechanical relay output boards, OP series optoisolated digital
input boards, the OR16 mechanical relay/optoisolated digital I/O board, the TS16 thermocouple sensor board, the
TBS50 terminal board and XBS50 prototype/terminal board for prototype development and easy signal access, the
EX-AT extender board for simplified testing and debugging of prototype circuitry, and the XT50 twisted pair flat
ribbon cable assembly for external interfacing.

Using This Manual

This manual is intended to help you install your new board and get it running quickly, while also providing
enough detail about the board and its functions so that you can enjoy maximum use of its features even in the most
complex applications. We assume that you already have an understanding of data acquisition principles and that you
can customize the example software or write your own applications programs.

When You Need Help

This manual and the example programs in the software package included with your board provide enough
information to properly use all of the board’s features. If you have any problems installing or using this board,
contact our Technical Support Department, (814) 234-8087, during regular business hours, eastern standard time or
eastern daylight time, or send a FAX requesting assistance to (814) 234-5218. When sending a FAX request, please
include your company’s name and address, your name, your telephone number, and a brief description of the
problem.
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CHAPTER 1

BOARD SETTINGS

The 3110 has jumper and switch settings you can change if
necessary for your application. The board is factory-configured as
listed in the table and shown on a diagram in the beginning of this
chapter. Should you need to change these settings, use these easy-
to-follow instructions before you install the board in your com-
puter.

Note that by installing a resistor and a trimpot on the board,
you can define the user-configurable gain, Gx, to be whatever
value (greater than 1) your application may require. Gx can be
used to complement the other software-programmable gains of 1,
2,4, 8, and 16. The procedure for customizing Gx is included near
the end of this chapter.

Also note that by installing resistor packs at the four locations,
and soldering jumpers in the desired locations in the associated
pads, you can configure any or all groups of eight digital I/O lines
to be pulled up or pulled down. This procedure is explained at the
end of this chapter.
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Factory-Configured Switch and Jumper Settings

Table 1-1 lists the factory settings of the user-configurable jumpers and switches on the 3110 board. Figure 1-1,
on the next page, shows the board layout and the locations of the factory-set jumpers. The following paragraphs
explain how to change the factory settings. Pay special attention to the setting of S1, the base address switch, to
avoid address contention when you first use your board in your system.

Table 1-1 — Factory Settings

Switch/
Jumper Function Controlled Factory Setting
Sets the state of the top 4 bits (the bits not used by the 12-bit | Bipolar
P5 converter) of the 16-bit A/D output word (must be the same as P6)
Bipolar (-5 to +5 volts)
P6 Sets the analog input for unipolar or bipolar (must be the same as P5)
P7 Sets the A/D input voltage range 10 volts
GND
P8 Sets the DAC 1 loading signal (asynchronous updates)
GND
P9 Sets the DAC 2 loading signal (asynchronous updates)
P10 Sets the D/A output voltage range for DAC1 -5 to +5 volts
P11 Sets the D/A output voltage range for DAC2 -5 to +5 volts
Sets the clock source for TC2-A, the 8254 timer/counter at
P12 u23 OSC (8 MHz clock)
Sets the clock source for the pacer clock, TC1-A, the 8254
P13 timer/counter at U16 OSC (8 MHz clock)

P14 Sets the gate source for TC2, the 8254 timer/counter at U23 | +5V (always enabled)
Selects which TIMER OUT signal is available at the TIMER

P15 OUT pin, P3-42 OUT2 (TC2-C)
Connects the software selected IRQ1 interrupt to an IRQ
P16 channel Disabled
Sets the clock source for TC3-A, the 8254 timer/counter at
P17 U3t OSC (8 MHz clock)
Sets the gate source for TC3-A & B, the 8254 timer/counter
P18 at U3t +5V (always enabled)
Connects the software selected IRQ2 interrupt to an IRQ
P19 channel Disabled
16 single-ended
Sets 16 single-ended or 8 single-ended with ground/8 (3 jumpers installed on
P20 differential analog input type; used in conjunction with S2 S pins)
Configures the 3110 for normal use or for use with RTD’s
P21 SSH series simultaneous sample- and-hold boards NOR
P22 Selects the signals available at P3-23 through P3-26 PB6, PB7, PAS, PA7
P23 Selects the signals available at P3-27 through P3-30 PB4, PB5, PA4, PAS

When set to SIGN, the the A/D data word is sign
corrected; when set to FIFO, the A/D data word is fed directly

P24 to the FIFO without correction SIGN

S1 Sets the base address 300 hex (768 decimal)
Connects the negative side of differential inputs to ground for

S2 8 single-ended with ground operation Open (16 single-ended)
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P5 — A/D Data Word Bit State Set (Factory Setting: +/-)

This header connector, shown in Figure 1-2, sets the state of the unused four bits in the 16-bit A/D data word.
This header ensures that these four topmost bits are set at 0 for unipolar conversions and at the same state as the
MSB of the 12-bit A/D converted data for bipolar conversions. Chapter 4, BA + 10, explains this in more detail. If
P24 is set to FIFO, the setting of this header is ignored. NOTE: P5 and P6 must be set the same for proper board
operation.

P5 ® o |+

Set P6 to the same polarity!
—o |4\ polarity

Fig. 1-2 —A/D Data Word Bit State Set Jumper, P5

P6 — Analog Input Voltage Polarity (Factory Setting: +/-)

This header connector, shown in Figure 1-3, sets the analog input voltage polarity for unipolar (+) or bipolar
(+/-). If the jumper on P7 is installed on 20V, then P6 can only be set for bipolar (+/-). The input ranges allowed by
the 3110 are £5, £10, and O to +10 volts. NOTE: P6 and P5 must be set the same for proper board operation.

1
+

+
L .
Set P5 to the same polarity!
o
P6

Fig. 1-3 —Analog Input Voltage Polarity Jumper, P6

P7 — Input Voltage Range (Factory Setting: 10V)

This header connector, shown in Figure 1-4, sets the input voltage range at 10 or 20 volts. The 10V setting is for
the £5 volts and O to +10 volts ranges; the 20V setting is for the £10 volt range. You do not have to recalibrate the
board when you change voltage ranges.

10V

P7

® O |20V

!

Fig. 1-4 — Input Voltage Range Jumper, P7
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P8 — DAC 1 Loading Source (Factory Setting: GND)

This header connector, shown in Figure 1-5, sets the loading source for DAC 1. When the jumper is installed on
LDAC, the D/A output is not updated until a command is issued at BA + 26. When LDAC is jumpered on both P8
and P9, the DAC outputs can be updated simultaneously through BA + 26. When the jumper is installed on GND,
the DAC output is updated as soon as the data is loaded at BA + 28. This allows fastest operation of the D/A
converter since only one write is needed to produce a D/A output. PCK lets you update the D/A output from the
pacer clock signal, and TIMER updates the D/A output from the TC2-B OUT signal (U24 timer/counter).

P8
® o |LDAC
—e | GND
® @ |PCK
® o | TIMER

Fig. 1-5 — DAC 1 Loading Signal Jumper, P8

P9 — DAC 2 Loading Source (Factory Setting: GND)

This header connector, shown in Figure 1-6, sets the loading source for DAC 2. When the jumper is installed on
LDAC, the D/A output is not updated until a command is issued at BA + 26. When LDAC is jumpered on both P8
and P9, the DAC outputs can be updated simultaneously through BA + 26. When the jumper is installed on GND,
the DAC output is updated as soon as the data is loaded at BA + 30. This allows fastest operation of the D/A
converter since only one write is needed to produce a D/A output. PCK lets you update the D/A output from the
pacer clock signal, and TIMER updates the D/A output from the TC2-B OUT signal (U24 timer/counter).

pg | ® e |LDAC
e—e | GND
e o |PcK
e o | TIMER

Fig. 1-6 — DAC 2 Loading Signal Jumper, P9

P10 — DAC 1 Output Voltage Range (Factory Setting: +5 to -5 volts)

This header connector, shown in Figure 1-7, sets the output voltage range for DAC 1 at 0 to +5, +5, 0 to +10, or
%10 volts. Two jumpers must be installed, one to select the range and one to select the multiplier. The two top
Jjumpers select the range, unipolar (5) or bipolar (+5). The two bottom jumpers select the multiplier, X1 or X2. When
a jumper is on the X2 multiplier pins, the range values become 10 and 10. The table below shows the four possible
combinations of jumper settings, and the diagram shows the £5 volt bipolar setting. This header does not have to be
set the same as P11.

Jumpers (top to bottom)

Voltage Range 5 +5 X1 X2
-5 to +5 volts OFF ON ON OFF
0 to +5 volts ON OFF ON OFF

-10 to +10 volts OFF ON OFF ON
0 to +10 volts ON OFF OFF ON
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P10

5 o o
5 | o—e
X1 | o—o
X2]e o

DAC1
Fig. 1-7 — DAC 1 Output Voltage Range Jumper, P10

P11 — DAC 2 Output Voltage Range (Factory Setting: +5 to -5 volts)

This header connector, shown in Figure 1-8, sets the output voltage range for DAC 2 at O to +5, £5, 0 to +10, or
10 volts. Two jumpers must be installed, one to select the range and one to select the multiplier. The two top
jumpers select the range, unipolar (5) or bipolar (£5). The two bottom jumpers select the multiplier, X1 or X2. When
a jumper is on the X2 multiplier pins, the range values become +10 and 10. The table below shows the four possible
combinations of jumper settings, and the diagram shows the *5 volt bipolar setting. This header does not have to be
set the same as P10.

Jumpers (top to bottom)

Voitage Range 5 15 X1 X2
-5 to +5 volts OFF ON ON OFF
0 to +5 volts ON OFF ON OFF

-10 to +10 volts OFF ON OFF ON
0 to +10 volts ON OFF OFF ON

P11
® 0|5
o—e | 5
—e | X1
® O | X2
DAC2

Fig. 1-8 — DAC 2 Output Voltage Range Jumper, P11

P12 — TC2-A Clock Source Select (Factory Setting: OSC)

This header connector, shown in Figure 1-9, selects the clock source for TIMER Timer/Counter 2, timer A. The
available clock sources are the on-board 8 MHz clock (OSC), an external clock brought onto the board through
P3-45 (EXTCLK1), an external pacer clock brought onto the board through P3-41 (EXTPCLK), and an external
clock brought onto the board through P3-23 and P4-45 (EXTCLK?2).

P12

—e | OSC

® @ | EXTCLK1

® o | EXTPCLK
® © | EXTCLK2

Fig. 1-9 — TC2-A Clock Source Select Jumper, P12
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P13 — PCK (TC1-A) Clock Source Select (Factory Setting: OSC)

This header connector, shown in Figure 1-10, selects the clock source for Timer/Counter 1, timer A, the pacer
clock. The available clock sources are the on-board 8 MHz clock (OSC), an external clock brought onto the board
through P3-45 (EXTCLK1), and an external pacer clock brought onto the board through P3-41 (EXTPCLK).

P13

o—e | OSC

® o | EXTCLK1
® o | EXTPCLK

Fig. 1-10 — PCK (TC1-A) Clock Source Select Jumper, P13

P14 — TC2 Gate Source Select (Factory Setting: +5V)

This header connector, shown in Figure 1-11, selects the gate source for TIMER Timer/Counter 2. The avail-
able gate sources are +5 volts (+5V) which ties the gate high, EXTGT1 brought onto the board through P3-46, and
EXTGT?2 brought onto the board through P3-25 and P4-46.

P14
—e |+5V
® o |EXTGT1
® 0 |EXTGT2.

Fig. 1-11 — TC2 Gate Source Select Jumper, P14

P15 — TC2 Timer Out Select (Factory Setting: OUT2 (Timer C))

This header connector, shown in Figure 1-12, selects the TIMER out signal available at P3-42. The output of
any of the three timers in TC2, A (OUTO0), B (OUT1), or C (OUT2), or the on-board 8 MHz clock can be jumpered
to this I/O connector pin via P15. This jumper setting also selects which output will generate an interrupt (see
Chapter 4, BA + 8, page 4-7).

P15
® o | OUTO
e o |OouTi
—e | OUT2
® o |OosC

Fig. 1-12 — TC2 Timer Out Select Jumper, P15
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P16 — IRQ#1 Interrupt Channel Select (Factory Setting: Disabled)

This header connector, shown in Figure 1-13, lets you select the IRQ channel for the IRQ#1 interrupt source
selected through software at BA + 8. When this jumper is installed on an interrupt channel, as shown in Figure
1-13b, a software enable for IRQ #1 must be issued at BA + 8 before the interrupt channel is used by the board. A
tri-state buffer lets you disable the interrupt through software, freeing the IRQ channel jumpered on this header for
other system interrupts as long as the software disable is selected.

IRQ SELECT 1 P16
Fig. 1-13a — Factory ® 0000 00 0 0 o0
Setting (IRQ disabled) 00000000000

A PR 2o NO O

IRQ SELECT 1 Pi6

Fig. 1-13b — IRQ Select 1 ©06 06060000 I Ll

Source Connected to A EEEEEN)

IRQ5 e o

Fig. 1-13 — Interrupt Source 1 Channel Select Jumper, P16

P17 — TC3-A Clock Source Select (Factory Setting: OSC)

This header connector, shown in Figure 1-14, selects the clock source for COUNTER Timer/Counter 3,
timer A. The available clock sources are the on-board 8 MHz clock (OSC), an external clock brought onto the board
through P3-45 (EXTCLK1), an external pacer clock brought onto the board through P3-41 (EXTPCLK), and an
external clock brought onto the board through P3-23 and P4-45 (EXTCLK2).

P17
—e | OSC
® o | EXTCLK1
® o | EXTPCLK
® © | EXTCLK2

Fig. 1-14 — TC3-A Clock Source Select Jumper, P17

P18 — TC3-A & B Gate Source Select (Factory Setting: +35V)

This header connector, shown in Figure 1-15, selects the gate source for COUNTER Timer/Counter 3, timers
A & B. The available gate sources are +5 volts (+5V) which ties the gate high, EXTGT1 brought onto the board
through P3-46, and EXTGT?2 brought onto the board through P3-25 and P4-46.

, P18
o—® |+5V
® o |EXTGT1

® o [EXTGT2

Fig. 1-11 — TC3-A & B Gate Source Select Jumper, P18
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P19 — IRQ#2 Interrupt Channel Select (Factory Setting: Disabled)

This header connector, shown in Figure 1-16, lets you select the IRQ channel for the IRQ#2 interrupt source
selected through software at BA + 8. When this jumper is installed on an interrupt channel, as shown in Figure
1-16b, a software enable for IRQ #2 must be issued at BA + 8 before the interrupt channel is used by the board. A
tri-state buffer lets you disable the interrupt through software, freeing the IRQ channel jumpered on this header for
other system interrupts as long as the software disable is selected.

IRQ SELECT 2 P1g
Fig. 1-16a — Factory ® 0000 00 0 0 00
Setting (IRQ disabled) 000000000 e

e rE R 220N O s®

IRQ SELECT 2 P19

Fig. 1-16b — IRQ Select 2 o0 I 00000 o0

Source I(::;;r;ected to o e 0 o0 0000 o

Fig. 1-16 — Interrupt Source 2 Channel Select Jumper, P19

P20 — Single-Ended/Differential Analog Inputs (Factory Setting: SE (16 Single-Ended))

This header connector, shown in Figure 1-17, is used with switch S2 to configure the 3110 for 8 differential,
8 single-ended with dedicated grounds, or 16 single-ended analog input channels. When operating in the 16 input
single-ended mode, three jumpers must be installed across the S pins. When operating in the 8 single-ended with
dedicated grounds or 8 differential mode, three jumpers must be installed across the D pins. DO NOT install
Jjumpers across both S and D pins at the same time!

P20

—e |S
® O |D
—o |S
® @)D
=—e |S
® @ |D

Fig. 1-17 — Single-Ended/Differential Analog Input Signal Type Jumpers, P20
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P21 — Simultaneous Sample-and-Hold Select (Factory Setting: NOR)

This header connector, shown in Figure 1-18, configures the 3110 to operate normally, or with Real Time
Devices’ SS4 or SS8 simultaneous sample-and-hold board. The SSH setting adapts the triggering for optimal use on
the SS series boards.

P21
® @ | SSH
—@ | NOR

Fig. 1-18 — Simultaneous Sample-and-Hold Select Jumper, P21

P22 — P3 I/O Pin Signals 1 Select (Factory Setting: PB6, PB7, PA6, PA7)

This header connector, shown in Figure 1-19, lets you select one of two signals to be present at each of four of
the P3 I/O connector pins, P3-23 through P3-26. This allows you to access more signals from the front /O connec-
tor, giving you more flexibility for your system setup. You can select these four pairs:

P3-23 PB7 (digital I/O Port B, bit 7) or EC2 (external clock 2)
P3-24 PA7 (digital /O Port A, bit 7) or XINT (external interrupt)
P3-25 PB6 (digital I/O Port B, bit 6) or EG2 (external gate 2)
P3-26 PAG6 (digital I/O Port A, bit 6) or EOC (end-of-convert signal generated by the A/D converter)
P22
3
EC2| o—eo |
W
PB7]e o
EG2| o—o .
PB6| o o ||
XINT| o—o || .,
s
PA7| ® @
EOC|® o |,
o
PA6l® ©

Fig. 19 — P3 I/O Pin Signals 1 Select Jumper, P22

P23 — P3 I/0 Pin Signals 2 Select (Factory Setting: PB4, PB5, PA4, PAS)

This header connector, shown in Figure 1-20, lets you select one of two signals to be present at each of four of
the P3 /O connector pins, P3-27 through P3-30. This allows you to access more signals from the front I/O connec-
tor, giving you more flexibility for your system setup. You can select these four pairs:

P3-27 PBS5 (digital I/O Port B, bit 5) or FF15 (top bit of the 16-bit data word)
P3-28 PAS (digital I/O Port A, bit 5) or FF13 (bit 13 of the 16-bit data word)
P3-29 PB4 (digital I/O Port B, bit 4) or FF14 (bit 14 of the 16-bit data word)
P3-30 PA4 (digital YO Port A, bit 4) or FF12 (bit 12 of the 16-bit data word)

The top four bits of the 16-bit data word can be used as data markers, as explained in Chapter 4. FF12 through
FF15 allow you to access these lines through the connector.




P23

FFi5] o—e §
PB5| o o |
FF14| o—e |1 |
PB4 e o | ¢
FF13]| e—e ||
pas| @ o || *
FF12| @ o ||,
pas| @ o |l°

Fig. 20 — P3 I/O Pin Signals 2 Select Jumper, P23

P24 — SIGN/FIFO Select (Factory Setting: SIGN)

The 3110 stores each 12-bit A/D conversion in a 16-bit data word. Typically, when you perform unipolar
conversions, you want the top four bits of the 16-bit data word to be the same as the most significant bit of the 12-bit
A/D conversion to get the correct results. When performing bipolar conversions, these four bits should be zero.
When set to SIGN (with P5 and P6 set correctly) this header connector, shown in Figure 1-21, automatically sets
the top four bits to the correct state so that you do not have to compensate in software to extract the 12-bit data word
for unipolar and bipolar conversions.

Setting this jumper to FIFO bypasses the compensation circuitry, preserving the original state of the top four
bits. This provision is made so that you can use these bits as a data marker in applications where you want to send
digital information along with the analog data at the acquisition rate, such as when you may need to tag the analog
data with a marker. If your application requires you to use the data marker and you set P24 to FIFO, note that the top
four bits are fed directly into the FIFO, and you now have to compensate in software to sign the data correctly for
each conversion. This is more fully explained in Chapter 4.

® o | FIFO
—® | SIGN

P24

Fig. 1-21 — SIGN/FIFO Select Jumper, P24

S1 — Base Address (Factory Setting: 300 hex (768 decimal))

One of the most common causes of failure when you are first trying your board is address contention. Some of
your computer’s I/O space is already occupied by internal I/O and other peripherals. When the 3110 board attempts
to use /O address locations already used by another device, contention results and the board does not work.

To avoid this problem, the 3110 has an easily accessible DIP switch, S1, which lets you select any one of 16
starting addresses in the computer’s I/O. Should the factory setting of 300 hex (768 decimal) be unsuitable for your
system, you can select a different base address simply by setting the switches to any value shown in Table 1-2. The
table shows the switch settings and their corresponding decimal and hexadecimal (in parentheses) values. Note that
switch 4 is the leftmost switch and switch 1 is the rightmost switch when looking at the component side of the
board. When the switches are pulled forward, they are OPEN, or set to logic 1, as labeled on the DIP switch pack-
age. When you set the base address for your board, record the value in the table inside the back cover. Figure 1-22
shows the DIP switch set for a base address of 768 (switch 4 OPEN, or logic 1, and the remaining switches
CLOSED, or logic 0).




Table 1-2 — Base Address Switch Settings, S1

Base Address Switch Setting Base Address Switch Setting

Decimal / (Hex) 4321 Decimal / (Hex) 4321
512/(200) 0000 768 / (300) 1000
544/ (220) 0001 800/ (320) 1001
576/ (240) 0010 832/ (340) 1010
608 / (260) 0011 864/ (360) 1011
640/ (280) 0100 896/ (380) 1100
672/ (2A0) 0101 928/ (3A0) 1101
704 /(2C0) 0110 960/ (3C0) 1110
736/ (2E0) 0111 992 / (3E0) 1111

0 =closed, 1 = open

Fig. 1-22 — Base Address Switch, S1

S2 — Differential/Single-Ended Ground Switch (Factory Setting: OPEN)

DIP switch S2, shown in Figure 1-23, is used in conjunction with header connector P20 to set up the analog
inputs for 8 differential, 8 single-ended with dedicated grounds, or 16 single-ended operation. When the eight
switches are OPEN (forward), they support 8 differential or 16 single-ended inputs, depending on the setting of P20.
When the switches are CLOSED (back), they support 8 single-ended inputs with dedicated grounds. With P20 set
to D, switches can be individually set for differential or single-ended with ground operation. Switch 1 sets channel 1,
switch 2 sets channel 2, etc. The table below shows the three configurations for P20 and S2.

Settings

input Configuration | P20 Jumpers S2 Switches

8 DIFF D OPEN
8 SE with AGND D CLOSED
16 SE SE OPEN

Fig. 1-23 — Differential/Single-Ended Ground Switch, S2
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Gx, User-Configurable Gain

Gx is provided so that you can easily configure a special gain setting for a specific application. Like the
standard board gains of 1, 2, 4, 8, and 16, Gx is software selectable. Gx is derived by adding resistor R9 and trimpot
TR9 at the pads located in the upper right area of the board. When you calculate the resistance values for R9 and
TR9Y, you must take into consideration the resistance of the switch itself, which is about 100 ohms in series with R9
and TRY. Figure 1-24 shows how the Gx circuitry is configured.

IN-

=
/

The formulas for computing the gain and resistance values are:

Gx = [2K/(R9 + TR9)] + 1 (when calculating the values of R9 and TR9, remember that you must
R9 + TRY = 2K/(Gx - 1) consider the switch resistance, which is about 100 ochms)

Fig. 1-24 — Gain Circuitry and Formulas for Calculating Gx

Pull-up/Pull-down Resistors on Digital I/0 Lines

The 3110 provides 32 TTL/CMOS compatible digital I/O lines which can be interfaced with external devices.
These lines are divided into four groups: eight Port A lines, eight Port B lines, eight Port C lines, and eight Port D
lines. If your application requires that these lines be set to a certain state when a control signal is not being sent
(such as high or low at system start-up), you can install and connect pull-up or pull-down resistors for any or all of
these four groups of lines. For example, you may want to pull lines high when switches are disconnected. You can
do this by adding a pull-up resistor pack to the group of lines controlling the switches. Or, you may want to pull
lines down for connection to relays which control turning motors on and off. These motors turn on when the digital
lines controlling them are high, and pulling them down ensures that the motors stay off at start-up.

To use the pull-up/pull-down feature, you must first install resistor packs in any or all of the four locations on
the board. Labeled PA, PB, PC, and PD, they all take 10-pin packs. Figure 1-25 shows a blowup of the Port A and
Port B circuitry.

After the resistor packs are installed, you must connect them into the circuit as pull-ups or pull-downs. Locate
the three-hole pads on the board near the resistor packs, labeled J1, J2, J3, and J4. They are labeled G (for ground)
on one end and V (for +5V) on the other end. The middle hole is common. J1-PA is for Port A, J2-PB is for Port B,
J3-PC is for Port C, and J4-PD is for Port D. Figure 1-25 shows these pads for Ports A and B. To operate as pull-
ups, solder a jumper wire between the common pin (middle pin of the three) and the V pin. For pull-downs, solder a
jumper wire between the common pin (middle pin) and the G pin.
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Fig. 1-25 — Pull-up/Pull-down Resistor Circuitry
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CHAPTER 2

BOARD INSTALLATION

The 3110 is easy to install in your PC/AT or compatible com-
puter. This chapter tells you step-by-step how to install and con-
nect the board.

After you have installed the board and made all of your con-
nections, you can turn your system on and run the 3110DIAG
board diagnostics program included on your example software disk
to verify that your board is working.
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Board Installation

Keep the board in its antistatic bag until you are ready to install it in your computer. When removing it from the
bag, hold the board at the edges and do not touch the components or connectors.

Before installing the board in your computer, check the jumper and switch settings. Chapter 1 reviews the
factory settings and how to change them. If you need to change any settings, refer to the appropriate instructions in
Chapter 1. Note that incompatible jumper settings can result in unpredictable board operation and erratic response.

To install the board:

1. Turn OFF the power to your AT computer.

2. Remove the top cover of the computer housing (refer to your owner’s manual if you do not already know
how to do this).

3. Select any unused expansion slot and remove the slot bracket.

4. Touch the metal housing of the computer to discharge any static buildup and then remove the board from its
antistatic bag.

5. If you are using the 50-pin P4 connector for digital I/O operations, connect the mating connector to it before
installing the board in the PC. Note that the P3 I/O connector mounting bracket has an oversized cutout to

allow space for running the cable to P4 through the same I/O slot. If you want to run both cables through the
same slot, you must make these connections before installing the board.

6. Holding the board by its edges, orient it so that its card edge (bus) connectors line up with the expansion slot
connectors in the bottom of the selected expansion slot.

7. After carefully positioning the board in the expansion slot so that the card edge connectors are resting on the
computer’s bus connectors, gently and evenly press down on the board until it is secured in the slot.

NOTE: Do not force the board into the slot. If the board does not slide into place, remove it and try again.
Wiggling the board or exerting too much pressure can result in damage to the board or to the computer.

8. After the board is installed, secure the slot bracket back into place and put the cover back on your computer.
The board is now ready to be connected via the external I/O connector at the rear panel of your computer. Be
sure to observe the keying when connecting your external cable to the I/O connector.

External I/0O Connections

Figure 2-1 shows the 3110’s P3 50-pin I/O connector and P4 on-board 50-pin connector pinouts. Refer to these
diagrams as you make your I/O connections.
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DIFF. S.E. DIFF. S.E. rFo1s [(H (@ oiamac ap
AIN1+ | AINY @@ AIN1- | AIN® / AGND FIFO14 @@ DIGITAL GND
AIN2+ | AIN2 @@ AIN2- | AIN10 / AGND N.C. @@ N.C.
AIN3+ | AIN3 @@ AIN3- | AIN11/AGND N.C. @ N.C.
AIN4+ | AING @ AIN4- | AIN12/ AGND NC. @ NG,
AINS+ | AINS @ AIN5- | AIN13 / AGND N.C. @@ NC.
AING+ | AING @@ AING- | AIN14 / AGND NC. @ NG,
AIN7+ | AIN7 @ AIN7- | AIN15 / AGND N.C. @ NG
AINB+ | AINSB | (19G9)| AINe- | AIN16 7 AGND FFo1s | 9@ | prommaL anp
AouT 1 @ ANALOG GND FIFO12 DIGITAL GND
aour 2 ANALOG GND DIGITAL GND DIGITAL GND
ANALOG GND | 27)(22) | ANALOG GND @@
PD7 @ pPC7
PB7 / EXT CLK 2 | (23)(24) | PA7 / EXT INT PDS pe
PB6 / EXT GATE 2 | 399 | Pas / EOC @ i
PBS / FIFO15 | GD(GD) | PAS / FIFO13 D5 | @)@ | Pes
PB4 / FIFO14 PA4 / FIFO12 PD4 pCa
PB3 | G)@E)| P9 PD3 | GD@E | PCa
pB2 | @) Paz PD2 | 6@ | Pe2
PB1 @ PA1 PD1 @ PC1
peo | @@ | Pao POO | 3D @8) | Pco
TRIGGER IN DIGITAL GND EXT INT DIGITAL GND
EXT PACER CLK | ()@ | TIMER ouT Ne @@ | Ne
TRIGGER OUT | 339(34) | COUNTER ouT EOC | (3¢9 | DIGITAL GND
EXT CLK | (15)(30) | EXT GATE EXT CLK 2 EXT GATE 2
P3 +12 voLTs | @) (@9 +& voLTs +12 VOLTS [ G7)(48) | +5 vOLTS P4
-12 VOLTS DIGITAL GND -12 VOLTS DIGITAL GND

Fig. 2-1 — P3 and P4 1/O Connector Pin Assignments

Connecting the Analog Input Pins

16 Single-Ended, No Dedicated GND. When operating in the 16 channel single-ended mode (P20-SE,
S2-OPEN), connect the high side of the analog inputs to the analog input channels, AIN1 through AIN16, and
connect the low side to any of the ANALOG GND pins available at the connector (pins 18, 20-22 on P3). Ground
any unused inputs. Figure 2-2 shows how these connections are made.

3110
10 CONNECTOR
P3

|
|
|
SIGNAL A PIN 1
source | * ' AN
1 out |
GND {
|
|
|
* L] ] L] L
. . | 3 *  mMux
. . | L) .
1
I
: ouT » +
SIGNAL APIN 14
source ( + e AIN 15
7 out I out
oo !
|
|
|
|
:
*—0 FINTE AIN 16
1
1
|
!
1
| piN 22
|
|

Fig. 2-2 — Single-Ended Input Connections, No Dedicated GND
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8 Single-Ended, Dedicated GND. When operating up to 8 channels in the single-ended mode with a dedicated
ground for each channel (P20-D, S2-CLOSED), connect the high side of each analog input to the selected analog
input channel, AIN1 through AINS, and connect the low side to its corresponding AGND (AIN1- through AINS-).
Ground any unused inputs. Figure 2-3 shows how these connections are made. Note that you can mix single-ended
with dedicated ground and differential channels by setting the individual switches on S2 to the proper position.

3110
170 CONNECTOR
P3

SIGNAL . PIN 1 AIN 1
SOURCE T
1 oUT i
APIN 2
GND| —
1
1]
1
. L] ' L]
. . i . MUX
O . t . .
]
t .
|
SHIN I3 AN 7 out}

SIGNAL .
SOURCE
7 ouTe
Gl

o
A PIN 14
ND <
|
|
]
i
i
i
P, AIN B

Fig. 2-3 — Single-Ended Input Connections, Dedicated GND

8 Differential. When operating in the differential mode (P20-D, S2-OPEN), twisted pair cable is recommended
to reduce the effects of magnetic coupling at the input. Your signal source may or may not have a separate ground
reference. When using the differential mode, you should install a 10 kilohm resistor pack at RN2 on the board to
provide a reference to ground for signal sources without a separate ground reference.

Connect the high side of the analog input to the selected analog input channel, AIN1+ through AINS8+, and
connect the low side to the corresponding AIN- pin. Then, for signal sources with a separate ground reference,
connect the ground from the signal source to an ANALOG GND (pins 18 and 20-22 on P3). Figure 2-4 shows how
these connections are made. Note that you can mix single-ended with dedicated ground and differential channels by
setting the individual switches on S2 to the proper position.
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1/0 CONNECTOR
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1|’ ] 10K |
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! I I
° * 1 1 | N
. . ! | | *  Mux
. . 1 1 el .
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L | oot
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7 out 1 1 I ouT -
L PIN 14 | 1 AIN 7-
‘lr I 10K 1
GND I ] ]
i I I
1 | I
1 I I
FPIN15 1
A T T AIN 8+
tleinte I |
L0 Tk AN 8-
7|
[ AL
v
Nl piN 22

.

Fig. 2-4 — Differential Input Connections

Connecting the Trigger In and Trigger Out Pins, Cascading Boards

The 3110 board has an external trigger input (P3-39) and output (P3-43) so that two or more boards can be
cascaded and run synchronously in a “master/slave” configuration. By cascading two (or more) boards as shown in
Figure 2-5, they can be triggered to start an A/D conversion at the same time.
Connecting the Analog Outputs

For each of the two D/A outputs, connect the high side of the device receiving the output to the AOUT channel
(P3-17 or P3-19) and connect the low side of the device to an ANALOG GND (P3-18 or P3-20).
Connecting the Timer/Counters and Digital I/O

For all of these connections, the high side of an external signal source or destination device is connected to the
appropriate signal pin on the I/O connector, and the low side is connected to any DIGITAL GND.

Running the 3110DIAG Diagnostics Program

Now that your board is ready to use, you will want to try it out. An easy-to-use, menu-driven diagnostics
program, 3110DIAG, is included with your example software to help you verify your board’s operation. You can
also use this program to make sure that your current base address setting does not contend with another device.
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BOARD #1
(MASTER)

BOARD #2
(SLAVE)

3110
1/0 CONNECTOR
I

h MUX
SIGNAL A P31 CH 1
SOURCE <@ AINT +
1 our :
or32 CH 1 AINT -
7 TOK
]
I
i
|
| p3a3
—O—-<TF|IGGER out
|
.......................................... O
|
] MUX
SIGNAL ] P3-1 CH 1
SOURCE ¢ AINT +
2 oy :
P32 CH 1 .
:lz = AINT
I
I
1
|

Fig. 2-5 — Cascading Two Boards for Simultaneous Sampling
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CHAPTER 3

HARDWARE DESCRIPTION

This chapter describes the features of the AD3110 and
ADA3110 hardware. The major circuits are the A/D, the D/A
(ADA3110 only), the timer/counters, and the digital I/O lines.
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The 3110 board has four major circuits, the A/D, the D/A (ADA3110 only), the timer/counters, and the digital
1/0 lines. Figure 3-1 shows the block diagram of the board. This chapter describes the hardware which makes up the
major circuits.
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: BV TO +5V
0TO +10V
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SELECT 4096 x 16 CONVERTER 070 +10V CIRCUITRY
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t ] | 44 _DATA MARKERS
7
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Fig. 3-1 — AD3110/ADA3110 Block Diagram
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A/D Conversion Circuitry

The 3110 board performs analog-to-digital conversions on up to eight software-selectable analog input chan-
nels. The following paragraphs describe the A/D circuitry.

Analog Inputs

The input type can be set for differential, single-ended with dedicated ground, or single-ended operation by
opening or closing the switches on DIP switch S2 and setting the jumpers on P20. Single-ended operation is
typically used when the analog input voltage source is close to the board and the voltage levels are fairly high
(greater than 0.5 volts for a gain of 1). The differential mode provides noise immunity when long cable runs are
unavoidable, signal levels are low, or surrounding electrical noise is high. Note that differential and single-ended
channels with dedicated grounds can be individually set using switch S2.

The input voltage range is jumper-selectable for -5 to +5 volts, -10 to +10 volts, or 0 to +10 volts. Software-
programmable binary gains of 1, 2, 4, 8, and 16 let you amplify lower level signals to more closely match the
board’s input ranges. When you increase the gain, the effective input range decreases by the input range divided by
the gain. So, for a gain of 2, the +5 volt input range becomes +2.5 volts; for a gain of 4, it becomes +1.25 volts, and
so on. A user-configurable gain of Gx is also provided. You can customize this gain setting by following the
instructions at the end of Chapter 1. Overvoltage protection to +35 volts is provided at the inputs.

A/D Converter

The AD678 12-bit successive approximation A/D converter accurately digitizes dynamic input voltages in
5 microseconds, for a maximum throughput rate of 200 kHz. The AD678 contains a sample-and-hold amplifier, a
12-bit A/D converter, a 5-volt reference, a clock, and a digital interface to provide a complete A/D conversion
function on a single chip. Its low-power CMOS logic combined with a high-precision, low-noise design give you
accurate results.

Conversions are controlled by software command, by a pacer clock, by using triggers to start and stop sampling,
or by the sample counter to acquire a specified number of samples. An on-board pacer clock can be used to control
the conversion rate. Conversion modes and channel select options are described in Chapter 4, Board Operation and
Programming.

FIFO Interface

A first in, first out (FIFO) interface helps your computer manage the high throughput rate of the A/D converter
by providing an elastic storage bin for the converted data. Even if the computer does not read the data as fast as
conversions are performed, conversions will continue until a FIFO full flag is sent to stop the converter. The size of
the FIFO was specified when you placed your board order.

The FIFO does not need to be addressed when you are writing to or reading from it; internal addressing makes
sure that the data is properly stored and retrieved. All data accumulated in the FIFO is stored intact until the PC is
able to complete the data transfer. Its asynchronous operation means that data can be written to or read from it at any
time, at any rate. When a transfer does begin, the data first placed in the FIFO is the first data out.

The converted data can be transferred to PC memory in one of three ways. Direct memory access (DMA)
transfer supports conversion rates of up to 200,000 samples per second. Data also can be transferred using the
programmed I/O mode or the interrupt mode. A special interrupt mode using a REP INS (Repeat Input String)
instruction supports very high speed data transfers. By generating an interrupt when the FIFO’s half-full flag is set, a
REP INS instruction can be executed, transferring data to PC memory and emptying the FIFO buffer at the maxi-
mum rate allowed by the data bus.

The mode of transfer and DMA channel are chosen through software. The PC data bus is used to read and/or
transfer data to PC memory. In the DMA transfer mode, you can transfer a selected block of data in a single data
dump, or you can make continuous transfers directly to PC memory without going through the processor.

The converted data is stored in the bottom 12 bits of the 16-bit data word written to the FIFO. Typically, the top
four bits are sign extended so that the data is correctly read for bipolar or unipolar mode. These top four bits can also
be used as a 4-bit data marker as described in Chapter 4. If you use the top four bits as data markers, the 12-bit A/D
converted data must be corrected through software as described in Chapter 4.
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D/A Converter (ADA3110 only)

Two independent 12-bit analog output channels are included on the ADA3110 board. The analog outputs are
generated by two 12-bit D/A converters with independent jumper-selectable output ranges of +5, +10, 0 to +5, and
0 to +10 volts. The 10 volt range has a resolution of 4.88 millivolts, the £5 and 0 to +10 volt ranges have a resolu-
tion of 2.44 millivolts, and the 0 to +5 volt range has a resolution of 1.22 millivolts. The D/A outputs can be updated
simultaneously or asynchronously. Access through DMA is not available.

Timer/Counters

Three 8254 programmable interval timers, TC1, TC2, and TC3, provide nine 16-bit, 8-MHz timer/counters to
support a wide range of timing and counting functions. Two of the timers in TC1 are cascaded and used for the
pacer clock. The third timer is the burst clock. Figure 3-2 shows the TC1 circuitry. TC2 is the TIMER, three 16-bit
cascaded timers used for various timing applications. Figure 3-3 shows the TC2 circuitry. Two of the timers in TC3
form a counter circuit. The third timer is the sample counter. Figure 3-4 shows the TC3 circuit.

Each timer/counter has two inputs, CLK in and GATE in, and one output, timer/counter OUT. They can be
programmed as binary or BCD down counters by writing the appropriate data to the command word, as described in
Chapter 4. The command word also lets you set up the mode of operation. The six programmable modes are:

Mode 0 Event Counter (Interrupt on Terminal Count)
Mode 1 Hardware-Retriggerable One-Shot

Mode 2 Rate Generator

Mode 3 Square Wave Mode

Mode 4 Software-Triggered Strobe

Mode 5 Hardware Triggered Strobe (Retriggerable)

These modes are detailed in the 8254 Data Sheet, reprinted from Intel in Appendix C.

__________________ -
! ute !
! | P13
i 1 -
i CLK ' 5o 8 MHz (0SC)
: TIMER GATE : i—:g O———— EXTCLK P3-45
i out ] H O———— EXT POLK P3-41
| ;
I ]
: CLK :
I TIMER GATE ! » PACER CLOCK GATE CONTROL
| out ' INTERNAL PACER CLOCK
| |
| |
I
I CLK ! 8 MHz (0SC)
1
| TMER GATE ; BURST GATE CONTROL
: out } BURST CLOCK
I
| I
I

Fig. 3-2 — Timer/Counter 1 Circuit
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Fig. 3-4 — Timer/Counter 3 Circuit

Digital /O

The 32 digital /O lines can be used to transfer data between the computer and external devices. Data transfers
through the digital I/O lines are independent of other board functions. Optional pull-up/pull-down resistors can be
installed. The lines are divided into four 8-bit ports. Port A and Port B are available at external I/O connector P3,
and Port C and Port D are available at on-board I/O connector P4.

Four high-speed digital input lines, synchronized to the A/D conversion rate and stored in the FIFO, can be used
as a four-bit data marker without interrupting the conversion process. These lines, FIFO12 through FIFO15, are
brought onto the board through connectors P3 and P4. If you want to access these lines through connector P3, the
jumpers on P23 must be set for the FIFO lines.



CHAPTER 4

BOARD OPERATION AND PROGRAMMING

This chapter shows you how to program and use your 3110
board. It provides a complete description of the I/O map, a detailed
description of programming operations and operating modes, and
flow diagrams to aid you in programming. The example programs
included on the disk in your board package are listed at the end of
this chapter. These programs, written in Turbo C and Turbo Pascal,
include source code to simplify your applications programming. A
QuickBASIC library with 16-bit I/O commands is also included
for reading/writing I/O ports.
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Defining the 1/0 Map

The I/0O map for the AD3110 and ADA3110 is shown in Table 4-1 below. As shown, the board occupies 32
consecutive I/O port locations.

Because of the 16-bit structure of the AT bus, every other address location is used. Our programming structure
uses the 16-bit command for reading/writing all locations except for programming the 8254. The 8254 requires 8-bit
read/write operations.

The base address (designated as BA) can be selected using DIP switch S1, located on the top edge at the rear of
the board (furthest from I/O connector P3), as described in Chapter 1, Board Settings. This switch can be accessed
without removing the board from the computer. The following sections describe the register contents of each address
used in the I/O map.

Table 4-1 — AD3110/ADA3110 I/O Map
Word Address *
Register Description | Size Read Function Write Function (Decimal)
Port A/B Digital I/O 16 bits | Read 16 digital input lines Program 16 digital output lines BA+0
Port C/D Digital I/O 16 bits | Read 16 digital input lines Program 16 digital output lines BA+2
Program channel & gain,
Channel/Gain/Board Read current channel & gain | digital I/O direction, DMA
Functions Select 16 bits | settings channel, timer used BA+4
Program conversion type,
trigger setup, clock source,
Scan/Burst 16 bits | Read current settings number of channels scanned BA +6
IRQ Source Select/ Program up to 2 IRQ sources
IRQ Enable 16 bits | Read current settings & enable interrupt generation BA+8
Read FIFO/Clear FIFO| 16 bits | Read FIFO data Clear FIFO BA + 10
Status/Start Convert | 16 bits | Read status word Start A/D conversion BA +12
Clear Board/Load Provides software trigger to
Sample Counter 16 bits | Clear (reset) board load sample counter BA + 14
Read count value of timer A in | Load count register of timer A
8254 Timer A 8 bits  {selected timer/counter in selected timer/counter BA + 16
Read count value of timer B in | Load count register of timer B
8254 Timer B 8 bits | selected timer/counter in selected timer/counter BA + 18
Read count value of timer C in| Load count register of timer C
8254 Timer C 8 bits | selected timer/counter in selected timer/counter BA + 20
8254 Control Word 8 bits | Reserved Program counter mode BA + 22
Clear DMA Done 16 bits | Reserved Clear DMA done bit BA +24
Update DACs 16 bits | Reserved Update D/A converter outputs BA + 26
D/A Converter 1
(ADA3110 Only) 16 bits | Reserved Program 12-bit DAC1 BA + 28
D/A Converter 2
(ADA3110 Only) 16 bits | Reserved Program 12-bit DAC2 BA + 30
* BA = Base Address
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BA + 0: Port A & Port B Digital I/O (Read/Write)

16-bit Operation. Transfers the 16-bit digital input and digital output data between the board and an external
device. The 16-bit word is divided into two 8-bit digital ports, Port A (bits 0-7) and Port B (bits 8-15). A read
transfers data from the external device through P3 onto the board where it can be placed in user memory; a write
transfers data from the board to an external device.

Port A and Port B can be individually configured as input or output ports, depending on the setting of bits 8 and
9 at BA + 4. If Port A is an output and Port B is an input, then you would ignore bits 0-7 when doing a read, and bits
8-15 would be irrelevant when doing a write.

Di15|D14|D13|D12|D11(D10| D9 | D8 | D7 | D6 { D5 | D4 | D3 | D2 | D1 | DO

PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO|PA7 PA6 PA5 PA4 PA3 PA2 PA1 PAO
PORT B PORT A

BA + 2: Port C & Port D Digital I/O (Read/Write)

16-bit Operation. Transfers the 16-bit digital input and digital output data between the board and an external
device. The 16-bit word is divided into two 8-bit digital ports, Port C (bits 0-7) and Port D (bits 8-15). A read
transfers data from the external device through the 20-pin P4 connector onto the board where it can be placed in user
memory; a write transfers data from the board to an external device.

Port C and Port D can be individually configured as input or output ports, depending on the setting of bits 10
and 11 at BA + 4. If Port C is an output and Port D is an input, then you would ignore bits 0-7 when doing a read,
and bits 8-15 would be irrelevant when doing a write.

D15iD14|D13|D12|{D11|D10( D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO|PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
PORT D PORT C




BA + 4: Channel/Gain/Board Functions Select (Read/Write)

16-bit Operation. Programs the analog input channel, channel gain (Gx is user-configurable), digital I/O
direction, DMA channel select, and timer/counter select.

Bits DO through D3 set the channel. When the 3110 is configured for 8 chahnels, bit D3 is always 0.
Bits D4 through D6 set the gain. Gx is the user-configurable gain setting described in Chapter 1.
Bit D7 is not used and its setting does not matter.

Bits D8 through D10 set the direction of the four digital I/O ports programmed at BA + 0 and BA + 2. If you
change a port’s direction to outputs, the lines may be high or low, depending on their last programmed
values. To set the lines to the values you want, write new data to BA + 0 and BA + 2.

Bits D12 and D13 set the DMA channel to be used for DMA data transfers.

Bits D14 and D135 select the active timer/counter to be addressed at BA + 16 through BA + 22. Three timer/
counters are available on the board: Timer/Counter 1 (U9), which is the pacer clock and burst clock; Timer/
Counter 2 (U24), which has three 16-bit timers cascaded for user applications; and Timer/Counter 3 (U29), which
contains the sample counter and two cascaded timers for user applications.

A read tells you the bit settings.

D15 |(D14|D13|D12|(D11|(D10| D9 | D8 | D7 | D6 { D5 | D4 | D3 | D2 | D1 | DO
l_r_l L g2z &3 » L LT LL T ]
= 2 3 2 | |
Timer Select T T I ’ Gain Select Analog Input
00 = TC1 (PCK/burst) 000 =x 1 Channel Select
01 =TC2 (timer) . I 001 =x2 0000 = channel 1
10 = TC3 (counter) Digital /O 010 =x 4 0001 = channel 2
11 = not used Direction 011=x8 0010 = channel 3
0 = input 100=x 16 0011 = channel 4
DMA Select 1= output 101 = x Gx 0100 = channel 5
00 = disabled 110=x 1 0101 = channel 6
01 = DRQ5 1M11=x1 0110 = channel 7
10 = DRQ6 0111 = channel 8
11 = DRQ7 1000 = channel 9

1001 = channel 10
1010 = channel 11
1011 = channel 12
1100 = channel 13
1101 = channel 14
1110 = channel 15
1111 = channel 16
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BA + 6: Scan/Burst (Read/Write)

16-bit Operation. Programs the trigger source and mode, conversion mode, pacer clock source, burst trigger
source, scan on/off, and the number of channels to be scanned.

Bits DO through D3 select the number of consecutive channels for the scan and burst modes.

Bits D4 and D5 select the method by which conversions are performed. Conversions can be done through
software (start convert command), by the internal or external pacer clock, or by the burst clock.

Bits D6 and D7 program the trigger mode which determines how long the pacer clock keeps taking samples.
When you select no trigger, there is no trigger turning the pacer clock on and off. In this case the pacer clock starts
on the rising edge of a start convert trigger and continues A/D conversions until the FIFO is full. The trigger to
sample counter mode starts conversions with a trigger and continues until the sample counter’s count reaches 0.
When in this mode, the trigger source is selected at bits D8 and D9. The external trigger-to-external trigger mode
starts conversions with the first trigger and stops conversions with a second trigger brought onto the board at P3-39,
The external trigger polarity is set at bits D8 and D9. The external gate mode takes samples when the external
trigger at P3-39 is high (or low, depending of bits D8 and D9) and stops sampling when the external trigger is
brought low (or high). Note that the external gate mode has nothing to do with the EXT GATE pin at P3-46.

Bits D8 and D9 select one of four trigger sources for turning on the pacer clock. The pacer clock can be
triggered through software (start convert command), from the 8254 counter output (Timer/Counter 3, timer B
output), or externally on the rising (positive) or falling (negative) edge through TRIGGER IN (P3-39).

Bit D10 selects the pacer clock source, either the internal pacer clock which is Timers A and B in Timer/
Counter 1, or an external pacer clock routed onto the board through P3-41. The maximum pacer clock rate supported
by the board is 200 kHz.

Bit D11 turn the channel scan on or off. When the burst mode is selected, this bit setting is ignored and the
channel scan is automatically turned on.

Bit D12 selects the burst mode trigger. Bursts can be triggered through software (start convert command) or
from the pacer clock.

Bit D13, when enabled, stops the sample counter after one countdown cycle. When disabled, the sample counter
will repeat the count down until this stop bit is enabled.

Bits D14 and D15 are not used and their settings do not matter.
A read tells you the bit settings.

D15|D14}D13|D12|{D11|D10}; D9 | D8 | D7 | D6 | D5| D4 | D3 | D2 | D1 | DO

X X | i R | L] | ||
Trigger Select Conversion Select Scan/Burst Number
00 = software trigger 00 = software trigger ~ of Channels
01 = 8254 TC3-B out 01 = pacer clock 0000 = 1 channel
10 = Trigger In, 10 = burst 0001 = 2 channels
Sample Counter positive edge 11 = not used 0010 = 3 channels
Stop Enable 11 = Trigger In, 0011 = 4 channels
0 = enable negative edge 0100 = 5 channels
1 = disable 0101 = 6 channels
0110 =7 channels

0111 = 8 channels

Burst Trigger Select | Pacer Clock Trigger Mode =
0 = software trigger Source Select 00 = no trigger 1000 = 9 channels
. 1001 = 10 channels
1 = pacer clock 0 = internal 01 = TRIG - sample counter -
1010 = 11 channels
= external 10 = EXT TRIG - EXT TRIG 1011 = 12 ch |
11 = EXT GATE = Sonanne’s

1100 = 13 channels
Scan Enable 1101 = 14 channels
1110 = 15 channels

0 = scan off 1111 = 16 channels

1 =scan on
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BA + 8: TRQ Source Select/IRQ Enable (Read/Write)

16-bit Operation. Programs and enables the IRQ sources. Up to two of eight sources can be selected by
programming IRQ select 1 and IRQ select 2 as shown below. The IRQ channel for each source is set by the jumpers
on P16 and P19. When a selected IRQ source is disabled, another interrupt source in the system can use the same
interrupt channel, even with the jumper installed. However, you must be sure to disable the IRQ source on the board
whenever another interrupt source uses the same channel. The IRQ circuitry is driven by a tri-state device which is
turned on and off by the enable.

A read tells you the bit settings.

D15|D14|D13|{D12|D11|D10| D9 ( D8 ( D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

X X X X X X X X
IRQ Select #2 IRQ Select #1
000 = HALF FULL flag 000 = HALF FULL flag
001 = DMA done 001 = DMA done
010 = end of convert 010 = end of convert
011 = external interrupt 011 = sample count
100 = timer/counter 2-B 100 = timer/counter 2-B
(timer out 1) (timer out 1)
101 = P15 jumper setting 101 = P15 jumper setting
(see Chapter 1) (see Chapter 1)
110 = timer/counter 3-B 110 = timer/counter 3-B
(counter out) (counter out)
111 = external pacer 111 = EXT TRIGGER
clock
IRQ #2 Enable IRQ #1 Enable
0 = disable 0 = disable
1 = enable 1 = enable

BA +10: Read FIFO/Clear FIFO (Read/Write)

16-bit Operation. A write to this address clears the FIFO (data written is irrelevant). When the FIFO is cleared
using this command, it empties out all data, sets the FIFO empty flag, EF, low, and sets the FIFO full flag high.
Clearing the FIFO also clears the HALT bit, enabling A/D conversions.

A read provides the 12-bit A/D converted data in a right justified format as shown below. When jumpers on P5
and P6 are set for bipolar conversions and P24 is set to SIGN, the data word’s four most significant bits match the
MSB of the A/D converted data (bit 12). This is necessary to provide the correct twos complement representation of
the converted data. When P5 and P6 are set for unipolar conversions and P24 is set to SIGN, the top four bits are 0.
When you use the top four bits of the data word as a 4-bit data marker, P24 must be set to FIFO and you must AND
the results in your software program in order to ignore the top four bits and correctly sign the data (see Reading the
Converted Data paragraph for an example).

BIPOLAR DATA WORD:

D15(D14|D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 ( D4 | D3 | D2 | D1 | DO

Bit 12 Bit 12 Bit 12 Bit 12 Bit 12 Bit 11 Bit 10 Bit9 Bit8 Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1
(MSB) (LSB)

UNIPOLAR DATA WORD:

D15|D14{D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3| D2 | D1 | DO

0 0 0 0 Bit12Bit11 Bit10 Bit9 Bit8 Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1
(MSB) (LSB)
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BA + 12: Status/Start Convert (Read/Write)
16-bit Operation. A write starts an A/D conversion (data written is irrelevant).

A read provides the 16-bit status word defined below. The A/D converter HALT bit, D4, is set to 1, stopping
A/D conversions whenever the FIFO is full. D7 monitors the status of the external trigger in signal (P3-39).

D15| D14 D13|(D12|D11|{D10| D9 | D8 | D7 | D6 | D5 | D4 | D3| D2 | D1 | DO
X X X X X X X X

External Trigger EF (FIFO Empty Flag)
Monitors TRIGGER IN 0 = FIFO empty

1 = FIFO not empty

HF (FIFO Half Full Flag)
DMA Done 0 = FIFO half full

0 = DMA not done 1 = FIFO not half full

1 = DMA done

(active in DMA mode only)

FF (FIFO Full Flag)
0 = FIFO full
1 = FIFO not full

Burst Gate

0 = burst done
1 = burst in progress

Halt EOC Status

0 = A/D enabled 0 = converting

1 = A/D disabled 1 = not converting
(cleared whenever

clear FIFO sent)

BA + 14: Clear (Reset) Board/Load Sample Counter (Read/Write)

16-bit Operation. A write to this location provides a software trigger so that the sample counter can be loaded
with the correct value. This software correction is used as an easy means to compensate for the operating structure
of the 8254. Typically, two pulses of the counter are required to actually load the desired count and prepare the
counter to count down correctly (this can be looked at as an initialization procedure for the sample counter). A pulse
is sent to the 8254 sample counter each time you write to this address. Therefore, you can repeatedly write to this
line as many times as necessary to set the sample counter to the actual desired value. Without this correction, the
initial count sequence will be off by a few (typically two) pulses. Note that once the counter is properly loaded and
starts, any subsequent countdowns of this count will be accurate.

A read clears, or resets, the board. This command resets all of the on-board registers to 0. It also initializes the
A/D converter after power-up.

BA +16: 8254 Timer A (Read/Write)

8-bit Operation. A write loads the first counter in one of the three timer/counters on the board with a new
16-bit value in two 8-bit steps, LSB followed by MSB. The counter must be loaded in two 8-bit steps! Counting
begins as soon as the count is loaded. The timer/counter being loaded is selected by writing to BA + 4, bits D14 and
D1S. A read shows the count in the counter.
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