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ABSTRACT

The objective of this thesis is study in digital control strategy and it’s application for the
controling in industrial process. The microcomputer IBM PC is used in this experiment as
digital controller by connecting with analog to digital converter and digital to analog converter for
contfoling the process of heat exchanger tank . With the method of digital control and

feedforward dontrol , the setpoint of water level and water temperature can be reached.
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1. Alarm List

2. Control Block Diagram

3. Control Block Faccplate
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4. Clear System Memory

5. Digital Block Diagram

8. Digital Block Faceplate

7. Edit System Memory

8. EXIT

9. Graphic Display

10.Graphic Display Generator
11.GRoup Display

12.Input Block Configuration -
13.Initial System Memory
14.0utput Block Configuration
15.Run Mode

16.Read System Memory
17.System Configuration
18.Sequential Control Monitor
19.Sequential Control Program
20.Standby Mode

21.Trending display

22 Write System Memary

J J L4 y & + . G ] ' 4 & J
usnantl  madhifArdedsnanaanansnin148nas  aeandandidtusn Teay
& ' AJ ] . y al o o ' ] al ¢ Y
faunaviwinn Wy wisvArdiuumyssiidnesialugjusngey  watnsanaadeesi
o . "l * y o ] A ] A
ghwavaniu fazdsingAtdeiandnan wy  wu fusdieaniadilln meulnsauden
1ﬂﬂthn?u {Control Block Diagram) yrasnaAd [CI(BID] ﬁ‘z:ﬂ‘mﬂg “Control Block Diagram”
-
Ty
J * y J (4 k)
Fafdrdanendasnislsnguusy  sazennsadnlduudendinanaldley
s d‘ ] o 4 * ! ) 1
neAd (Enter]  dadhlugluufeawissufeauds  nasdlURdwnisAceluudenus
[ : d ] o~ M
arufemualnienan  mabl  Wunisdeweefiref Tddnwonduwouuaslunnu

Auwmie wafdeentsaunauuavaantl WinaAd (Esc) warlunisesnanudensinn A
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annsain1dlaansnadd [Esel wwAeniu Tllesanainudemtesdrdiiuuda azdsing
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Wunthaaaasuy Marmnsadrgadeaulédsiel

Command : Control Block Diagram

Computer Control Development Systen
Suthian Kiatsuntharn
Department of Control Engineering
King Mongkut’s Institute of Technology
Ladkrabang, Bangkok, Thailand 18528

Tel. 82-3269569

fdvantech PC-LabCard
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51 3.2 nsuaARIAEILULLY
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A3 (COMMAND)
L y A [} J
1. Alarm list (TuAdenhilalEluntsmeaasiy

2. Control Block Diagram

COHTROL BLOCK DIAGRAN

A6 LC81 DISCRIPIOR TANK LEVEL COMTROL MODE MAN
ADDRESS ACBYO FUNCTIOHN PID Control UNIT O
Ls-81
+8.868 —>{ PV FVU HH NONE QUT HH NONE MAX +199.88
NONE
+Z8.88 —> LS PU HI NONE OUT HI NOME

8
:

8.8 —> RS PUILO NONE out Lo MONE W — +3.90
NONE

8.8 —> FF PV LL HONE ouT LL NONE

NONE

8.8 —>{ E PV DU NONE ouT DU NONE MIN +8.08

-l @
719 53 Aaulvsaudanlaasunsy
o A o i J o
Anenrhuanseasraulnsauianlaavunsd auniudegl Maviesduismauvmne
. o d o X
189AA1] NiAsEaas
d . A d y .
TAG Aeferevufenlaarunsufinenmsafianisianzastalfenld  Reldfunns
. o d doe ) Ve 13 < d o 43 f
Vi hdeminl$aed e fuudannisineuln WTe TAG §f anearlilafld &
- a ° d‘ g .
AsRAaramtnfAlALsjuannsalaaan1d nsftuun T8 TAG Lanusafawusdlu
faanwslafidluAduesa
J L1 - [ ] ¢ L] P -
ADDRESS A8 uamnsanassiidruiunisvinarunils arunsatinludruualunisaed
+ - . 4 ¢ [l * o & ]
ARAULERANITRINILEY Tauannsaacusasufaninesunn asinuualasEdasnwessiag
fu edufurasrsutnsaudealassunsu a4 ACBOO fla ACB99

. .
DISCRIPTOR A8 saauidunsineg Rdeenisasuans Bluufenusiarufen
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FUNCTION Ag Werffutasnismaumudmiy aaulnsaudenlaazunsy & 20 Merfdy Sews
zﬁqﬁfmzﬁaun'mmm'lﬁtﬁuaeg'Lu Control Block Faceplate @asannsonlanunduiy

AALNZEMINNUARALEY Control Block Diagram fULABAY8Y Control Block Faceplate 14Tnn
nrelnebidendulufiny Tnenafid ) nisdendefuaninsaiinlélaunadd (P Upl
WRY [Pg Dnl %qﬂqrf'fwmm?muquwza 20 Warldu figat]

1. MAN Manual

2. ON/OFF Control

3. PID Control

4, LL LeadflLag

5. DT Dead Time

6. TOT Totalizer
: 7. RB Ratio/Bias

8. SSW Signal Selector Switch

9. HSW High Selector Switch

10.LSW Low Selector Switch

11.PLI Piececaise Interpolaton

12.POCY Polynomial Function

13.Mass Storage Process

14.Stirred Tank Heater

15.Heat Thansfer Process

16.Chemical Reaction Rate

17.CSTR Mass Balance of A

18.CSTR Energy Balance

19.Miring Process Bal of A

20.Miring Process Energy Bal

MODE 3 3 Tunm A9 MAN = Manual
AUT = Auto
REM = Remote
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Y a a
aunsadenldluuave 3 TaunaAs [Pg Upl 132 [Pg Dnl uaenm [Enterilalvuuah
v
Y X
waasagiiudulvuandanis
o v
UNIT Aauicedlfluudaatiuy

- - ﬂj ] L J
UHILME, dvunseududandugneasidnunizaldeuinin FUNCTION
3. Control Block Faceplate

d o o
Control Block Faceplate asifludaunlduasnedasineres maulnsaufanlaesunsy 7

al o J o~ ] o~ fc’/
uaAAsALAEN U TednWUTIBY Control Block Faceplate arumnANAumINAafiduaInig

AauANMEaUAY Anwusaesaauinsaufenlaasuns

CONTROL BLOCK PACEPLATE

176 LC-81 DISCRIPTOR TANK LEUVEL CONTOL MODE MAN
ADDRESS ACBE93 FUNCTION  PID Contrel

PV LS-81 +30.08 E NONE «8.08 PU 38.80
LS HOME +20.89 F  NONE «8.08 LS 28.88
RS NONE +8.060 G NONE +8.88 RS 0.888
‘FF NONE +3.068 H NONE +8.68 FF 0.898
Kp Gain +1.88

Ti Int Time +28.68 sec.
Td Dev Time +8.88 sec.
Kf FF Gain +@.8a8

OUT = Kp»(SP-PUI+E(Is/T1)%(SP-PVU)+Kp»(Td/Ts) (APV) +KEwFF

out +8.68 MV B8.868

3‘1]'7! 3.4 Control Block Faceplate

J & J g - - .
mednwarhuasluufeaiifiariBunaPy), tranamdLS,RS) waslinefsneres
s ~ . o .
famaumy  uazardlaunsuanaierffunisaaumrlugluuufiden  uasfidniensmares

fansey wiae o
ueproLAruaniiagn Mo luFaceplatetedifnwniniunsaydudemiediugan
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) t U - t - A
silnsuvieuaneAtrassanlslunisacugu uazwaneAandusae e nFruuuees
EFacepIate
» N a b J
4. Clear System Memory  A144 Clear System Memory auiflunisiatefdayah
1 . U J - t 1
wdsuldluufenseg asinliufeaynudeaiiuufaaula pdvhifinnslddayadnly us
L . J Ll L o T 1
Adailllldnavsinfy System memory v IW& DCS.BLK wrat1sla
. . . b g
' 5. Digital Block Diagram (ifluandanlailélgluntsnasasdy
. i, X
6. Digital Block Faceplate {ifluAdenldldldlunsmanediy

7. Edit System Memory

SYSTEM HEMORY

. POSITION DECIMAL HEXADECIMAL BINARY INPUT DATA
(- ) 8 6e68 3300 6060 BBBO BBBD
1e1 a BBPB 2204 G0A8 BBAGB BABA
182 a 8888 (G0AG 6AEA AADE BRBA

: 183 8 a808 3808 8668A BBAB BBBA

. 184 a ap6ea BAGA 36E6 BEDE BBAA
85 a baBa 8833 AR08 BBRG BDBB
186 a 0808 @088 4808 G808 BOEY
Ie? 68098 G288 8868 NBOB Boe.
83 8 Bobe 9888 6088 QBBE BoBY
[a9 g BOBY @BQA8 6009 POBY BOBY
119 a 8868 9248 64880 PUBYO DEBB
[11 8 8868 @30¢8 4068 BOBB hoen
[z a 6668 9008 3460 BAGB BBBO
I13 B #1968 9060 Q669 0BoBB BBLA
I14 8 88688 2030 3698 BABA VRBA
I15 a 8808 9068 8606 BERA DBBO
116 a 8888 G063 8630 RBAD BBAA
11?2 8 8808 8966 #8660 ABBO BEBBA
118 e 68888 2608 3608 DOBD BEBE
[19 0868 3068 BU6E OBBE BOe8

g‘ﬂ‘?‘l 3.5 Edit System Memory
Edit System Memory azuanAiaqiuteedauls % Viuaglumeainineesssuy
AaFuaylWIng DCs.BLK Fawlsdendnne
100 - 163
Q00 - Q83
FOO - F63
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Feazuansaanuiiunagudy (DECIMAL , 8ag1uALun (HEXADECIMALIUAZIAY
§UABY(BINARY) %ammm?nL‘a'im@ﬁﬂquuﬂeviw]mfiﬁﬁlﬁmnmﬁé [Pg Up} ¥4 [Pg Dnl

8. EXIT ifteeanaintusunsn 0Cs. Feasinlfiilenglu Standoy Mode Wit
d12¢/lu Run Mode avdaaanudy Standby Mode fiau

9. Graphic Display

gﬂﬁ 3.6 Graphic Display

Graphic Display aztfuN12UAAININANREITEINTTUIUNNS Fafunndnaseiian
A aTuitauaaelitiudnEnzaaInssuuNNg AaNAIFaLsnsTIAUNNS Fasansafiy
ﬂ’}wé‘mﬂﬂdﬂuﬂﬂﬂu Graphic Display ¥liifin 10 AW AW Graphic Screen ‘ﬁ mm?nmﬂé’
ﬁazmw?mammmLﬂ%uu’lﬂqmwé"u‘[mulﬁnwnm [Pg Upl vi4@ [Pg Dn] Faraufiazinmn
wlsnglu Graphic Display 187 sazdoadlinmnludnde Graphic Display Generator
dsaldnansielyl Safusniaeiiandiunludideas Graphic Display & Avmusndl
Usng azflunniieinuus’ilu Graphic Sereen 1 1@ [Pg Upl fazulsang Aniifiaunn
Wy Graphic Screen 2 viadnna {Pg Dn] ﬁqzﬂﬂng mwﬁﬁ’mum’lf':".u Graphic Screen 10 %ﬂ

N I X a & . . A .
Tunsdifratefingrnunil anAadulddeeiiuua Graphic Screen 1% 10 Graphic Screenlu
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Graphic Display Generator ﬁqumw’hwﬁw'lu Graphic Display @zﬁ%ﬂ'lﬂﬁmmmwﬁu%’m
Aruualdlu  Graphic  Screen  ANA17 ﬁ’qgﬂéf’muu‘%awﬁﬂmmwﬁuam'aqﬁﬂ
PROJECTA.0BJ Fanieninanuansly Graphic Disply & @nansaaiielngldiuisunsn
GEDIT

10. Graphic Display Generator

GRAPHIC CONFIGURATION

GRAPHIC CONFIGURATION FILE NAME

WRITE

EDIT

gﬂ"vll 3.7 Mu1RaTe Graphic Display Generator

Wednanludndsilazifuiniiinds 4 Arde Aa READ WRITE CLEAR uaz EDIT
Ba1N1s0NAAY (Tab] Lﬁ"mﬁaunﬁq”lﬂ'luéﬁ&simﬁ'lﬁ

READ azfludndaiteFundayafidudlifmnainmianaanuda ( DCS.GRA )

WRITE qxnﬂuﬁﬂé«.ﬂaﬁam‘fﬂu‘,ﬁqmﬁquuﬁ"lf’ﬁqLﬂuﬁ’agaﬁﬂﬁuﬁﬂmngaq"lu

EDIT aelumingAgnudn eiluind®e DCS.GRA
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CLEAR asaudasaiinmsdlu EDIT 1nisihieasvinléiiyn GRAPHIC SCREEN
dnaulan bl dRiouua B vieer

DT ludnde DT Senamnsafinsusussudladedieinmn  luuwsiay
GRAPHIC SCREEN 1§ Fede'ndazdesfhdemdfnseruiisnimmaldlulusuns Gedit
;é’fm wudrdasntsliUsngaindnassden WRavde projectd.obj 7 GRAPHIC SCREEN

1 Aeuanelugy

GRAFHIC CONFIGURATION

ERAPHIC SCREEN 1 FILE MAME ~ PROJECT4.0BJ
GRAPHIC SCREEN 2 FILEMIME §

GRAPHIC SCREEN 3 FILE MANE

GRAPHIC SCREEN 4 FILE HOME

GRAPHIC SCREEN 5 FILE NAME

ERAPHIC SCREEN 6 FILE NANE

ERAPHIC SCREEN 7 fm: NAME

GRAPHIC SCREEN 8 FILE NaME

ERAPHIC SCREEN 9 FILE HRAME

GRAPHIC SCREEN 18 FILE HAME

1% 3.8 usAsnFAMUANNdIaDdly
EDIT 199 Graphic Display Generator

11. Grou;; Display
; Group Display ARA191INControl Block Faceplate duanegaufiuliiduvy e ldan
fnsodangdnrniraaenssuauntsuatenssuaunsidnienduld

\$I9TATNNTOUARY Faceplate ilungu 16 nen Aa #3usi GROUP DISPLAY 00 -
GROUP DISPLAL 15 SeulAuungu&Taunafel (Pg Upl ua [Pg D)

laifinua 38 TAG uaz DESCRIPTOR 184 GROUP DISPLAY i Buubenuds

e & . & . i
Alfla%ie TAG 294 Control Block Faceplate Misfaen1stinnuaneiuaLuLae Fuane die
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o T
1410TAG udanm [ Enter | flazilsang Faceplate 184mRUINZALARAWUT TUNY TWGroup

. 4
Display wikara1usaudaald 8 Faceplate

GROUP DISPLAY 68

LEVEL-61 DISCRIPTOR TAMK LEVEL CONTROL

MODE AUT MODE MAN MODE AUT MODE MAN
P1 38.88 FU 25.88 P
38.

a.
1.4
14

3%

™
[
[y

PU 34.88
LS 0.688
RS 56.688

FE Ly, TR

PZ 48.88
P3 45.688

3 g3 t4
Lo fMy ¥

ooy
R R
§8

e
e
‘.
b
s

EEZ

ot

ool
P}

ot

rEn2d R

&4.88
Pz 78.88
P3 48.08

7o
Pt
3
i
S

.
o
o
L2
&4
R
e
oy
ey
o

msaaa iV B8.688 MU 1900.8 WU 8.889 IV 76.60

Lc-81 Ls-#81 LCc-82 L1582 LC-83

gﬂﬁ 3.9 Group Display
12. Input Block Configuration

INPUT BLOCK CONFIGURATION

™G Fesereseseses s DISCRIPTOR e MODE MaN
ADDRESS AIBAS UNIT semsese
ouT HH NONE MaxX +188.80

OuT HI NONE

g —> IN ouT LO NONE our —> +8.88

ouUT LL NONE

oUT W HONE HIN +0.868

gﬂﬁ 3.10 Input Block Configuration
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Input Block Configuration Lﬂuuﬁaﬂ%’lﬁs‘“u%’aqa ‘fqmmmnﬁqimﬁ’rgrgwm’tun?zmum?
\adesia 7 Control Block Diagram %qmuﬂmmm‘aquﬁaﬂ%uwﬁ asfiAnfaus AIBOO e
AIB99
, AnBuna Mddande 100 B 163 §§Lﬂuﬁh%uwmﬁ‘lﬁﬁmﬁ?q'lu'in.lmnw INSTALL EXE
Wit Waunzasundunmannnsuaiinged Transmitter iniedeindunafinauadn
N1 Mm9amau channel 12981mafinauadn

13. lnitia] System Memory (Lﬂuéﬁﬁqﬁ’lﬂ‘lﬁlﬂunwwmamﬁ)

14. Output Block Configuration

Wunfeaiidinuuanstindreadyraineeninsaiaed iedslrauAngingal

‘AYUANATINE (Final Control Element)

OUTPUT BLOCK CONFIGURATIGH

TAG e I S DISCRIPTIOR 6303636063606 606 0 3603 MODE MAN
ADDRESS AOBE3 DIRECTION DIRECT (REIT s
IN Hi  HONE MAX +129.80
IN HI HONE
NONE NONE
8.0 —»+ IN INLO MONE ouT > a8
IN LL NOME
' IN DV NONE MIN +3.08

gﬂﬁ 3.11 Output Block Configuration
ALBALATATRY L@ sWALAaA asTiseus AOBOO fiv AOB99

Anffudmdudunsresendnauden Aedrendnaiidainaauinsausaninld
neldde TAG wouamasarasneuineaudend INPUT ﬂﬂwa'm'ﬂﬂuﬁﬂn#\m'wfvm 784
wwsmuAaraziluntsionun channel 1asdumefiiavedn Mazduerimpeanilindu
mefinauefa  Wedwiehldiqunenimueugathy  Seeniiiosuafierdfmresendve

ukeATADAN Q00 B 083 SRR I uTUsuATY INSTALL. EXE
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DIRECTION  Aednwursaenisdedyyrndlimuanglnsniaupugaite 8 2
. , 4 .
AnwtirAa Direct WAY Reverse Mituunldlaunnde [Pg Upl uae [Pg Dn]
} 15. Run Mode

J - el J ]

Run Mode ulunadldluntsufjifinne deeglu Run Mode maulnsainefar
e o ) - [ 4 : A . =) a4 oA
Mineuuaransaiasedugunsnintauenld Tadladn Run Mode aminl¥iifianisufi@
v A’ o~ a o Lt + e Y ] . . ' » dJ '
N5IULY Asarniiladnfiavuasiauissiney W configuration fi1e gafaduda Waeglu Run

& . 1 - ¢J
Mode UARANNIVINIUANN 9 AXTAUR (Date) NWHHUUEILUAZIOAN (Time) NNHNLILTA1

16. Read System Memory

o o o d . !

dudrdeldinagudrrasdiayasiaeg a0 System memory A2 Indde. DCS.BLK
A’ -3 ]
T uufensiag

17. System Configuration

2 L 4% ey Y o
System Configuration Wuvdaahiaen Configuration 295TUUTIUNANNTIN TS e

Wasanisdanisiagsan

SYSTEM CONFIGURATION

SYSTEM CONFIGURAT ION FILE NAME DCS.SYS

SYSTEM MEMORY FILE NAME DCS.BLX
SEQUENTIAL PROGRAM FILE NAME

ERAPHIC CONFIGURATION FILE MAME DCS.GRA

GROUP CONFIGURATION FILE NAME DCS.GRP
TREMD COMFIGURATION FILE MAME DCS.TRD

ALARM LIST FILE NaME

gﬂﬁ 3.12 System Configuration

v w.d .« w P .
System Memory axliA&aBensevnfiu System Memory Semelidde DCS.BLK Fedn
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SYSTEM MEMORY CONFIGUBATION

SYSTEM MEMORY FILE MAME DCS.BLX
READ
WRITE
CLEAR

gﬂﬁ 3.13 System Memory Configuration

L3

o READ ludndefildTvandaynannivid DCs BLA R uuSansten
o WRITE udndsiliifundane Redlurfenrqesdlfrialuing
DCS.BLK.
o CLEAR Wudndelilfindefiiudamuniduinanlan
GRAPHIC CONFIGURATION ifludndsaeldlunnsiavumAasingg 184 Graphic Display

o v e o q M
meavmilsuiusdelu Graphic Display Generator

GRAFHIC CONFIGURATION

&

GRAPHIC CONFIGURATION FILE NMAME DBCS.GRA
READ
WRITE
CLEAR
EDIT

gﬂ'ﬁ 3.14 Graphic Configuration 1u System Configuration

o READ ludndeTilduandayaaind Dcs.crRATuN R uLRemEDIT
98N Graphic Display Generator UaTURDA Graphic Display

® WRITE Lﬂiiﬁ"lfi’«:#l"ﬁﬁﬂl&‘ffﬂidﬂ #lﬂf‘j'luuﬁﬂﬂ Graphic Display Generator
?m:ﬁ'uaq'lﬂ uBlung DCs.crA

o CLEAR dludndeilfin@ufiiudemEDIT 189 Graphic Display Generator

WAYUARA Graphic Display 1eusTiudnqilan
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Id .I¢ J L3 i A i b4
o £DIT WuAnde EDIT Hisanwnsaituuawasui ez Iddeituualy u

1 J J - J *
uWiAT GRAPHIC SCREEN 'If TedeindazdeeiidendinsiuiurfimmeBiulysunsy

Gedit Anel
GROUP CONF IGURAT [ON
GROUP COMF IGURAT 10N FILE NMME DCS.SRP
READ
WRITE
CLEAR

31]'7\ 3.15 Group Configuration Tu System Configuration

GROUP CONFIGURATION  iiludndei#lunisiamaniaideusnudeyaly
11§aA189 GRoup Display /e Fa DCS.GRP Tefiindadsil. READ ludndeiHuandaya
a1n' e DCS.GRP Tusnguéiensas GRoup Display

o WRITE iluindeiliideudayaiideyluuden GRoup Display acltiivly
ulWd cs.ere

o CLEAR fudndeiild inaefldufan GRoup Display (flutdnadaqian.

TREND CONFIGURATION . ifludndsilelunnsrinvuanisdeusrufeyaluudenses

Tranding Display it/ TWa 8 DCSTRD wazfnmunnedlauacila 104 Trending Display FaflAn

Lo
ST
TREMD COMF IGURAT ION

TREND CONF IGURAT ION FILE NAME DCS.TRD
READ
WRITE
CLEAR
on
OFF

gﬂﬁ 3.16 Trend Configuration Tu System Configuration
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o READ udndeildTuandesaainiwd  DCSTRD %Wﬁﬁuﬁﬂﬂﬂﬂd
Trending Display
o WRITE luindeildidundesaiiflegluuden Trending Display Aty
WINg DCS.TRD
o CLEAR ludndeiilfindiefliuden Trending Display luudendneulan
® ON Lﬂuéﬁﬁlﬁmsﬁ'\mmm Trending Display %d‘ﬁ’ﬂﬁ Trending Dusokat
drgezunufiinee  luenisiiaghisnmsadnluiomiasussneludautfRnnses
Trending Display 4.
o OFF Lﬁuﬁ%‘i’dﬁlﬁﬂﬂﬂ?'fﬂd’mﬂm Trending Display f’ﬁaﬁﬂﬁmmmﬁ”x'\
Tufuun
18. Sequential Control Monitor. ( Lﬂuﬁ’]&‘:";‘lﬂ‘léf‘lﬂum?wﬂﬁﬂdﬁ)
19. Sequential Control Program. ( Lﬁuéﬁﬁqﬁ’lﬂlﬁlﬂummmamﬁ)

20. Standby Mode
J i a wa a J c’l’ J o
dubmsaehitinnlfodngle 4 detululvell Wadiasnluldsuney

[l ﬂ"l ' all & ¥ d ? d" '
pauwsnareglulunall uazdeunasasnaanlusunsuisadidnun ulvuntingu

21. Trending Display.

TREND DISPLAY 68

TAG LC-81 DISCRIPTOR TANK LEVEL CONTROL TREND OFF
SCAN TINE 1 SEC.

MAX +188.8

LC-81
PU

LC-81
1S +8.88

N LC-81
- +8.88

gﬂﬁ 3.17 Trending Display
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Wudouiiluansmswfsuuaeasnszuauntstag s ineanansauanld 16
Display #9. TREND DISPLAY 00 fis TREND DISPLAY 15 Tmuansnsawldenilily TREND
DISPLAY wsiavuden1dlaana@d [Pg Up] ua [Pg Dn)

MAX AaAgegafifasnisuans
MIN AaA1saqaiifiesnisuans

TunastiAngssnssiaunsauansin dlneinme 38 TAG tevnsulnenudent
deenIninouane udnaRd [Enter wiInTussiouLANTR AL Teede TAG
gunsn@enAnfefaulsiidesnisitiuandlannsded [Pg Ut Uz (Pg Dl Wodaush
#aanqsUsngegaenalEnter] .

22. Write System Memory

WudndeidSedasyaiitegluufensie 1 snsduariliiy System Memory Ag

W& DCs.BLK
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nsilausialilsunsu DCS Aunifautlasdmyan (AD |, D/A)

1 ' o o 4 .
nadensallsunsy  DCS  Aunfaudasdyanns  anmenselaeldlusunsy

INSTALL e lulusunsuiivdrasdsnguiiiaasisgy

DCS PROGRAM INTERFACE CARD INSTALLATION

IMTERFACE CARD CONFIGURATION FILE DBCS.DRV

INTERFACE CARD DISCRIPTION

Aadvantech PC-LahCard

IMTERFACE CARD CONFIGURATION READ
WURITE
CLEAR
EBIT

EXIT

2
<

71 3,18 waarasdisunsy Installation

i
(N4

JoyalElune  configuraton  argnifivlulWdte DCSDRV  Addeiidlunas

%

configuration Hdail

o READ ludndeiituandenaaining DCS.DRVAuNEluLGRAEDIT

o WRITE DudndeiidFuudens Aagluuden 0T st Au iy
e DCS.DRYV

o cLeAR dudndeiifindestiuden 0T sousdudnsnldn

9 ‘I’ J L d o ] O [ ~
o £DIT luAndse EDIT TsanursaiavuantsAnsasewinenasaiulysunsy
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naeftuusAtEa Qyaniaen (QUTPUT CONFIGURATION!
OyTPUT CONFIGURATION
QUTPUT o1 TYPE PCL-726 MODE ANALOG
ADDPRESS 82CH CHANNEL 88 UNIT Ma
MAX 4895 SPaN +Z8.68
—d N oUT >
MIN a ZERO +4 .60

Advantech PC-LabCard Installation Progran

$173,19 N1efinuuUAAINHW o

OUTPUT  Aededl¥Aasiasymdneuauuun  ishanrel 23418 AN AYEINT AR
deutununaneaidudyanuswaeniudygieinersnaudeateaiusunsy 0Cs
TYPE ﬁa‘%maqme’ﬂLnﬂmé’cyog'\.mﬁ?m%améﬂﬂLﬂuﬁcyfmmaméar-“f'.zhm'iﬂf
MODE & 2 Tuupda
ANALOG dedtyeyrniaanidudyuinaunden
DIGITAL dedeyayrnieanidudeyayiuianes
ADDRESS  Aguamasalumieaiiudizesnonianefinidalfluntsinsedelng
dnAudrdudnnifaasituunun
CHANNEL Foutunuaresniini\dfase
UNIT Aembeasedryanuifidenanty
MAX AeAttasdtytyeengeqaidusrgiudumn
MIN ﬁa;-w‘wmﬁn;:ymmtans’hqmLﬂumgﬁ.u%uuﬂ

SPAN Aerfgaedyayrusangegaiduargudy
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ZERO AeArvesdrysyrtusendagailuargudy

dnuFuntamasest] ﬁwumm%uwmﬁqﬁ

|81 A Q01 AiasafunISAPCL-726 wruuua00 Taadedtyeyrnieanidu 48 20 mA
W@ Q02 ARFRfUATAPCL-726 WIUWLAODT Ta‘mamﬁtynﬁmﬂamﬁu 484 20 mA

nrsAtvueA g E9 (INPUT CONFIGURATION)
INPUT CONFIGURATIGN

INPUT 181 TYPE PCL-812 KODE &NALOG
ADDRESS 8228 CHANNEL 51%] UNIT UDC
1AX 4825 3PAN +5.08
—>1 IN QUT —->
| MIN 2457 ZER0 +1.608

fidvantech PC-LabCard Installation Progran

for Digitai Control Deuvelopment System (DCDS)

gﬂﬁ 3.20 AM3AVUAAIEUN
INPUT Aedefil4finsessminauauuua (channel 1893 unmenfaulaedtyan
awdeniludyanaiasesdudygrmaineriaudentassunsu Cs
TYPE ﬁﬂ%ﬂmaqn%‘mmeﬁfufyqtuamﬁamﬂuﬁmmmﬁ%maﬁﬂwﬂ%
. MODE & 2 Tuupde
ANALOG dedtytyrtiaeniudyyrnieundaen
DIGITAL dedeyeyrninaniudoyeyrcuidanes

ADDRESS  ABUAAIASA MIMUNEAINNANIBIAEN AR SN S A\ uN1s R As g se A e
Unfudan@nnifaazituunun
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CHANNEL Agutuuuarasnifaildinsie
UNIT Aamisgagadyeynosifudnan
MAX AaArrssdyagnnadigegaduiargiudumn
MIN ﬁamﬂmﬁfycyﬁmﬁﬁs‘iﬂqmﬁumgmﬁwn
SPAN Aasnaasdtyanaadgegaduaagudu
ZERO ﬁfaﬁwmﬁfymmﬁﬁﬁ'wﬁ@Lﬂumgmﬁu
fwsunIImAaesi ﬁwumm%uwmﬁaﬁ
Suma 101 Fasefun1fa PCL812 o 00 Tas fudayayrandailu 19 5 vDC

3unm 102 Ansafunnfa PCL-812uzunua 01 tnafudtyayinsdadu 18e 5 voC
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2. NTEUIUNIS

et

Tunimaaadld Plant1301 Sefuderinazunsy

U Cunent Gontiol
CV o= CGonnal Valve
B Flow Prapsitton

bl

| A SN AT
L = Lavel T tdor

war oo .
W= Wil st

I il

H = FHoalen

1 oy

Cl' = Cnnent Tianaducor
13 = vl Bwilch
Mi* - Motor & Fan

MV = Molonize Valve

MF

Sloige 1

{locdet _ e .%

R N

[
— &@ B

PLANT - 12301

_w\_”_ cv-2
>} %
\ 3 HMA_. — ME
Xy - i i W

TT-4 T2 X

Provoss

(BT A

Stotage 42

@

K<

s
;

519 3.21 Plant-1301
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3. duFausa (nterface Board)

nsResasswinnTTuaunasiulliunsy ocs Tinnfm  pcls12 duswlas
dyeyruendendufanea uaslinada peL726 Wudalasdygnoiinesdusundan
FemuazBoaaantions 2 foglunipauan daunisdenloessudnnsuaunisfuniia
wasdtyonauasiduesadensa PCL780 Aawwesn PCLISOW) Resefunia PCL726
WATPCL780(8) Reslafunadm PCLBI2 38MdueiaPCL780 Munfmuwsiassnasifanss
FOLIRUUW BUNA 20 WU

é'mﬁm’cynﬁmﬁ'ﬁsmﬂnmmrmmuﬂﬁmm'aﬁﬂqm‘m%uhummuﬂué’mnpm 4
20 mA winafm PCL-8124D) Fudtyryraudindu 1 - 5 Toadd safufiuaga PcL7s0B) Al

AVTHANUNIUINNA 260 Tarinsang A 8 LTUINALIN ABUTWILG 0 - 7
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al
uvin 4
MMFANUUNY

1. nMeAUANSTAI ( LEVEL CONTROL )

____{5;}___ PID GT(S)

< w ¥
71 4.2 uRaAlAALLNTULARINITATLANSZ ALY

& o -
AUADUNITANUUINU
' [ 37 GJ
1. feanedyeuntuan LEVEL TRANSMITTER 1ida?t channel 0 129ue£RPCLD

780 (B)
2. AruumAnlu input Block Configuration Ranlduaninsa AIBOO

ArvuaAtguns (N 1w 101
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fnuuaA1ANgaTas@ITHA (MIN 1flu 5

AIVUAAIGGATEURIANA (MAX) 111U 24

fnuuautiag (UNIT Wwmuiiums (CM)

. 3. Arwuarlu Control Block Diagram (aan'dleninsa ACBOO
finuua TAG 1y LC
wanWartudu PID Control
favuasaulsnssuaunas PV luAfuenAsaees 1BC A8 AIBOO
Aavusimanees LS duAtRiedeanis
fuuaRnFngATRUeTAR (MIN 111 0
AuUAANGegAT81B WA (MAX) 11 100
Avuaviae (UNIM) iuefiaus (%)

; 4. fiawaanlu Output Block Configuration daniduamiasa AOB0O
Avun TAG iy LV
fuuafidnieni91isAuanda (DIRECTION) 1l DIRECT
Aavunsnaunm (IN) u TAG 289 CBD Ae LC
fuuAANSqATRIRIHA (MIN 11 0
AIVMUARIGIRATERIFNA (MAX) 11U 100
Anuuamiag (UNM duefisusaasnisitlatingids (%)
AnuuaA@sWa (OUT) v Q01
5. sedudtya10isIn channel 0 189UBFAPCLD 780 (A) dn? control valve
(CV) 184N9LLAUNTG
6. ﬁﬁuummmmﬁmﬂﬁmﬁqaquauﬂ Control Block Faceplate

7. Aavualvuanisvaeauwlu 1BC, 08C, CBD Hudmiudd (AUT



TAG LG

ADDRESS wCEBEA

PU LY +§ .80
LS NONE +15 .80
RS NONE +0 .68
FF HONE -3.88
Kp Gain +100 .80
T4 Int Tine +58 .88
Id Dev Time +§.088
Kf FF Gain +f.588

37

CONTROL BLUCK FACEPLATE

DISCRIPTOR TANK LEVEL CONTROL

FUNCT ION

seC.
sec,

o

PID Control

NONE
HONE,
NONE
HONE

+d .88
+8 .99
«3 .88
+3 .08

OUT = Kp»(SP-PU)+E(Ts/Tid»(SP-PUI+Kp*(Td/Ts) (APU)+Kf=FF

ouT

ThG
ADDRE3S

LT
+8.68

NONE
+15.88

MONE
+8.60

NONE
+B.80
E
NONE
+0.68

-8.608

/

CONTROL BLOCK DIAGRAN

HODE AUT

PU 9.098
18 18,04
RS 8

i R N o
[

. .m. .
&

LC DISCRIPTOR TANK LEUVEL CONTROL MODE AUT
ACEoD FUNCT ION PID Control UNIT =
—>1 PV PV HH NOME OUT HH NONE X +168.08
—>{ LS PU HI NONE OUT HI NONE
. our
—-——>{ R§ PV LG NONE ouT LO NONE —_> +4.080
—> FF PV LL NONE OuT LL NONE
—> E FU DU NONE OUT DU HONE MIN +8.649




TAG
ADDRES3

181
3124

166
ADDRESS

*

ic
+188.80

INPUT BLOCK CONFIGURATION

38

LY DISCRIPTOR LEUVEL IRANSMITIER HODE AUT
AlBBA UNIT CH
OUT HH NONE HAX  +24.00
OUT HIL NOME
—>{ IN QUT LO NONE our —> +48.72
ouT LL NGNE
ouT LY HONE HiN +5.606
OUTPUT BLOCK CONF IGURATION
Ly DISCRIPTOR COMTROL UALUE MOBE aAlY
AOBGE DIRECTION  DIRECT UNIT =
IN HH NONE HaX +168 .80
IN HI NONE
(81
—> IN INLO NONE our —> 4895
IN LL NONE
IN DU NONE HiN +g .88

114.3 uamsuRaansiuTas

Tulsunsu DCs TunrsAruausEALi
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Han1TnNaaad

TREND DISPLAY

TAG  wHERR DISCRIPTOR  ®MARsRaMRRERNNH TREND ON
SCAN TIME 5 SEC

HAX +24,

gopu +16.88

NONE
MIN +5.8

= : < ¥
5171 4.4 FULAMINANTITNARDINITAIUANTEALUN

E . > SR o
annenaaaeldAnistines1aefiAILANsNt P=100, =50

L 4
1 & . 1 A
AInEANITARBINLdIRITATLANEs AuTNasddania s ifiaue



2.n15AruANgUULTadti ( TEMPERATURE CONTROL )

Fib
1(“
L

21l 4.5 neAauaNamugltaih ( TEMPERATURE CONTROL )

*
Hxp r"‘\ES PID GL(%)

4
-

g1 4.6 uRaAlAREUATNLEAINITATLAND TINDIIUY

L > -
FUAAUNITANUUINUY
. o v o
1. ARANUATYYITUAIN TEMPERATURE TRANSMITTER NI  channel O 189

u8fAPCLD 780 (B)
2. fArvunAnlu Input Block Configuration Ranlduamiasa AIB0O
. ArvuasnBuns (IN) u 101
AMUARNANAATB0 6T (MIN) 1y 0

AMUAAIGIGATRAEI NS (MAX) (Tlu 100
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.

Anuuaviiag (UNM dluseAioaides (C)
3. Avmunanlu Control Block Diagram tdenlduaminsa ACBOO
Anuua TAG flu TC
wwenWefdudy PID Control
Arvussiaulsnsruaunig PV luAtweamsalas 18C A AIBOO
fvuamnetif LS Wusnfisdasnis
AUUARNATGAIE@YSHA (MIN) 1 0
AnuusFAgIgaTeaeTsng (MAX) Iy 100
Anvusamiag (UNM Wuiasious (%)
4. fiauunAnlu Output Block Configuration feanlfuaninsa AOBOO
Avua TAG \u TV
AuuaRAnNI9N19NAL91Ea (DIRECTION) Wlu DIRECT
fAavuastBunm (IN) 1u TAG 984 CBD A8 TC
AuunA1AIgRIa9R1 s (MIN ulu 0
AMURANGI4ATRIEAANA (MAX) I 100
Avuauag (UNIM Wudefirusiaesifaaudeu (%)
AnvuaAIAANA (OUT) 1w Qo1
5. ARANSAEYEYIUAIN channel O 189URSAPCLD 780 (A) wd R Watt
Transducer (WT) #89ATCUAUNT
5. fvmaAmasfiaeaasfaaauad Control Block Faceplate

7. Aavualuuanisineiuly 1BC, 0BC, CBD udmlwim (AUT)



INPUT BLOCK CONFIGURATION

42

TAG T DISCRIPTOR TEMP TRANSHIITER HODE AUT
ADDRESS AlBYo tNIT C
) ouY BH NOHE HAX +160 .08
oUT HI MONE
189
3124 —> IN OUT LO NONE CutT —> +48 .72
GUT LL MNOME
cUT U HHONE Hid +G .88
OUTPUT BLOCK CONF IGURATION
106 P DISCRIPTOR HEARIER MODE HAN
ADDRESS a0BGA DIRECTION  DIRECY UNIT #
IN HH NONE BAX +188.86
IN HI NONE
TC Q82
-180.88 —> IN IN LO NOHE T —> 4835
IN LL NONE
IN DV NONE niN +@ .89




TAG
ADDRESS

1T
+3.88

MONE
+58.00

NONE
+8.88

NONE
+83.089

NONE
+8.66

TAG
ADDRESS

PU 1T

LS NONE
RS NONE
FF NOHE

Xp Gain

CONTROL BLOCX DIAGRAN

T1 Int Time  +38.00
1d Dev Tine +8.38
Kf FF Gain -8.88

ouT

1C DISCRIPTOR TEMPERATION CONTROL
ACEB8 FUNCT ION PID Control
—>{ PU  PUHH  NONE OUT HH  MONE
—>{ LS PUHI  NONE OUT ML NONE
—>{ RS PU L0 NONE OUT L0 HONE M
—>{ FF PULL  NONE OUT L NONE
—>» E PYDY  HONE OUT DY HONE
CONTROL BLOCK FACEPLATE
TC DISCRIPTOR TEMPERATION CONTROL
ACEEA FUNCTION  PID Control
+0.08 E  NONE +9.09
+50.00 F  NOHE +a.an
+8.80 G NONE +0.08
-.80 H NONE +8.88
+50.80
SeC.
SeC.
OUT = Kpe(SP~PU)+S(Ts/Ti )= (SP—PU3+Kp=(Td/Ts ) (APU) +KEwFF
+8.80 =«
51 4.7 uanuRaAnsvitueas
Tusunsu DCS Tunisaruauamugiitn

NODE AUT
UNIT

HaY +180 .98

out

> +3.68

nin +5 .66

HODE AUT

PU 8.989
LE W08
S §.8680
FF 6.608
E 9.008
F 8.880
G 06.868
-H 8.808




HANITNA[aY

TREND DISPLAY

A6 HERRREN DISCRIPTOR  Smsaroi i imnanss TREND ON
SCAN TIME 5 SEC

MAX  +58.8

L PU+35.98

LS +35.08

g1 4.8 glugminanisaaaINITAILANgUUnRTan

" o -~ & g
aqnn1Imases IdAImAsIRnes1aesanuANAel P=50 , 1=30 , D=0.3

JINUARINARINLLT N1RLANGUMAR grungRasdndunnasidiann



3.m‘iéquszs’w’uuﬂzqmugﬁmmﬁﬂ 1 (LEVEL AND TEMPERATURE CONTROL 1)

< a - -
gU% 4.9 NTAIUANTEAUUATAUUNHTAIUN 1

L L'

(LEVEL AND TEMPERATURE CONTROL 1)

f heater

Q -
Isr "¢ - PID =

GT2¢8>

valuve

_valve
| i |
HEp é?)_____{_i__l_____—l —Ton GL(EY
— - | I
!

L3

< a - o
71 4.10 vREAlABILATILAAINITAIUANTEALUAZUUNNUT 1



dumaunisaniinau
1. Aeaeeyeynaiann TEMPERATURE TRANSMITTER (TNanudnfi  channel 0
299u8§APCLD 780 (B)
2. AeaudUeIuan LEVEL TRANSMITTER 2 (LT) channel 1 289u24A
PCLD 780 (B)
3. fivuadly Input Block Configuration Amsdudeyeyruann MM danlduan
wnea AIBOO
AvuaAIBuUns (IN) 1w 101
fvunAtsngageae1sia (VNG 100
AMMUAAIGIGALDAUBTIIHA (MAX) LW 100
Avusmdae (UNIM uasanmaded (C)
4. finmuar1lu Input Block Configuration ﬁqze'fuﬁ:yrmmmﬂ (LD wenlduan
\A98 AIBO1
AuuAAIUNA (IN) W 102
RuuaA1 A1gATRaIsTHA (MIN) 1Tl
AvuaAIgegateRAnm (MAX) W 24
Arvuautiag (UNM idhueudwng (CM)
5. AMuaA1lu Control Block Diagram @anlduaninsd ACBOO
favun TAG lu TC
dwenWerddudu PID Control
frvuadaudsnssuaunis PV dluduesinsatas 1BC A AIBOO
Asimamad LS Wusnfisrdeenis
AR ANgAI0@ITHA (MIN) 1Tl 0
ATMUARATGNARTEEIFNA (MAX) (U 100
Anuuauuiag (UNIT e fimust (%)
6. Arvumenlu Control Block Diagram denlduaninsa ACBO1
Anuum TAG u LC
danWerdudu PID Control

AMuussawLsnssuIunis PV IDuAIWEALATATE IBC AR AIBOT
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fvusiaaneend LS flu Arfieifesnis
ArvuARNANqA2R8 A (MIN) U 0
ATVUAAIEIgRTELTANWA (MAX) U 100
favuasiiag (UNIT) e fimus (%)
7. AauuaAnlu Output Block Configuration wanlduaainsa AOBOO
AMvua TAG {u TV
AuuafianiennstieALa1da (DIRECTION) iy DIRECT
AvuaAfunA (IN) du TAG 184 CBD Aa TC
fuuaAnsgATaLETNA (MIN) I 0
’ AvunFAgeqaaeeIFne (MAX) u 100
Aavuavitiag (UNM duefinusaesnisidemansdeu (%)
AMuuAAIeIANe (OUT) iy Q01
8. finvuaAalu Output Block Configuration (denlduaninsa AOBO1
Arvua TAG u LV
AuuARANIeAI99AL21Ea (DIRECTION) 1w DIRECT
Auadn@una (IN) 1u TAG 189 CBD Aa LC
fvuARIANqAT2@ A (MIN) U 0
ATVUAAGIEATEAURNS A (MAX) (Tlu 100
Aruuauing (UNM dualefinuifaesnistetlanenda (%)
AuuaAt@tsanea (OUT Ju Qo2
9. FeatdtyyIniann chennel 0 T8IUESAPCLD 780 (Al dd Watt
Transducer (WT) 18AFEUIUNT
10. Ae@8AEYUIRIN channel 1 189URSAPCLD 780 (A) wd@ control valve
(CV) 4R9AFLLAUNNS
11. ﬁ'mumﬁi'\w"mﬁmaﬁmﬁqmmw’fi Control Block Faceplate

12. Aavualuuanisvinewlu 1BC, 0BC, CBD udmluda (AUT



INPUT BLOCK CONFIGURATION

TAG T DISCRIPTOR TEMP TRANSMITIER HODE AUY
ADDRESS AIEG3 UNIT CH
ouT HH MONE HAX +188.08

OUT HI NONE

181

3124 —>{ IN oUT LO NONE  OUT |—>  +48.72
oUT LL NONE ]
UT DV NONE HIN  +B.00
k
INPUT BLOCK CONFIGURATION
106 LT DISCRIPTOR LEUVEL TRANSHITTER HODE MaN
ADDRESS AI1BB1 . UNIT O
OUT HH NONE BAX  +24.08
OUT HI NONE
182
a8 —>{ IN oUT LO NONE  OUT .}|—> +8.88

ouT LL NONE

ouT DV NONE nin *5.00
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CONTROL BLOCK DIAGRAN

TAG ic DISCRIPTOR TEMPERATION CONTROL . HODE AUT
ADDRESS ACBB8 FUNRCTION PID Control UNIT «
TT
+8.08 >{ PU  PU HH HONE oUT HH NCNE HAX  +100 .69
NONE
+«58.80 —> LS Pu HI NOME QUT HI NONE
NONE suY
+4.868 —>{ RS PYU LO NONE OUT Lo MNONE w o> +§ .68
MONE
+8.848 —>1 FF PV LL HONE OUT LL NONE
NONE
«3.80 —> E YU By NONE CUT DU NONE HIH‘ +8.99

CONTROL BLOCX [IAGRAN

TRG 1c DISCRIPIOR LEUVEL CONTROL HODE aUT
ADDRESS nACBB1 FUNCTION PID Control UNIT =
AIBBL
+8.88 —>{ PU  PU HH HONE SUT HH NOME HaY¥ +199 .88
MNONE
+20.88 —>4 LS PU HI HONE OUT HI NONE
I
s .3 &8 FU Lo HOHE QUY LO NOME W > «3 .89
MNONE
+8.88 —>» FF PV LL HONE ouT LL NONE
MONE
8,88 —> E FU Y NOME oUT DU MONE nin +2 .68
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CONTROL BLOCK FACEPLATE

A6 IC DISCRIPTOR TEMPERATION CONTROL
ADDRESS ACBEE8 FUNCYION PID Control

M 1T +9 .08 E NONE +0.08
1S HONE +50 .88 F MNONE +8 .00
ES HONE +6 .60 6 NONE +8 .06
FF HONE +8.88 H NONE -3 .08
Xp Gain +58 .08

11 Int Time +38.88 sec.

14 Dev Time +g.38 sec.

X FF Gain -8 .88

T = Kp~(SP—PUJOS(Ts/Ti)-(SP—PUJ*Kp*(Td/Ts)(APUJ*Kf~fF

our +g.B8 «

[ ]

CONTROL BLOCX FARCEPLATE
A6 B f DISCRIPTOR LEVEL CONTROL
ADDRESS nACBB1 FUNCT ION PID Control
PV 1T +9 .88 E NONE +8 .80
1S NONE +28 .68 F NONE +9.99
RS NONE +8 .88 6 NONE +3.08
FF NONE -8.88 H NONE +3.88
Xp &ain +108 .68
11 Int Time +50.868 sec.
14 Dev Time +8.B8 sec.
X TF Gain <8 .88

oUT = Xp-(SP—PU)°Z(Ts/Ti)-(SP—PU)*Xp-(Td/Ts)(APU)*Kf-FF

our +8.B8 ~

NODE AUTY

8.688
54.88
3 0.684
8.888
8.886
8.008
8.809
8.888

T g e
mARE

HODE AUY

PV 8.8608
LS 20.08
RS 0.803
FF 8.888
8.889
8.6060
B.868
B.8eg

O™
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OUTPUT BLOCK CONFIGURATION

TgG TV DISCRIPTOR HEATER HODE MAN

ADDRESS A0BOA DIRECTION DIRECT UNIT «
IN HH NONE Hal +108.00

IN HI NONE
TCc 481
+188.88 -—>{ IN IN LO NONE our > 4895

IN LL NOME

INDY HONE ftiN +3.88

OUTPUT BLOCK CONF IGURAT ION

186 L DISCRIPTOR CONTROL UALVE HODE HaM
ADDRESS AOEBL DIRECTION  DIRECT UNIT =~
IN HH NONE M +108 .88

IN HI HONE

LC QB2
8.8 —>{ IN INLO NONE our —> 8
IN LL NOME

IN DV NONE ninN +g.08

[ [
91 411 ugmuaaansiuaas
Tsunsu DCS lunsaruanguugiinasszainia 1
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Nan1TNAam

LRl B Ley

A R A Rl T A N R R I R P TR Lkl oy
CeftlE TTMT 5OREC

UREFIUSREUN IS 1Y

g1l 4.12 suamIHANITNARBINITAILANSA L AZGUN TR 1
aInnnsnasedifdmisatinediail

- o J

AeIAIUAN TC AU P=60, 1=30, D=03

FaATUAN LC A9l P=100 , 1=60

&
.

. v N )
AINUANIINAREINLGT RTsArLANsTALnardrgantasiifiane uwilunsrauau

gouunil quugiasdnguaneatidunn
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4. NMTAILANTEAULATIIMgRiaai 2 (LEVEL AND TEMPERATURE CONTROL 2)

gﬂﬁ 4.13 m‘a‘muquizﬁuuazqmugﬁmmfi'ﬁ 2
{LEVEL AND TEMPERATURE CONTROL 2)

heaten
Tsp + - 1
.\
{4 PID (T1(s)
— PI G12(s)
value
s H
LY 71 CL{s)
+ Y- Flou

L
]

[~ o -
7U 4.14 uRaAlABIUNTHUAMINTAILANTEALLAST INDHYA 1
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Furgunsanfiunu
1. ARANEALYEIWAIR TEMPERATURE TRANSMITTER (Tr)mﬁ'\‘?% channel 0
18¢u8§APCLD 780 (B)
2. Aeq1adtyey10iaTn LEVEL TRANSMITTER [nidafi (LT) channel 1 189ue$n
PCLD 780 (B)
3. fAmuaAn Y Input Block Configuration ﬁ@x?uﬁcymmmn (M Ranlduen
1a98 AIBOO
Arvuad18unm (IN) 1w 101
ArvuaAAnqatesiedme (MING il 0
ATVMUAANERgATRLTAHA (MAX) 1w 100
Aavuauat (UNIM iduesAgaiiea (C)
4. AMwUAAIM Input Block Configuration ?‘1@:§u5fufgﬂm@ﬁﬂ (LD wenlduan
ned AlBO1
AvuaAI8unA (IN) 1w 402
Asuapnsngateem (MIN) il 5
AavuAAIgegaTeaI N (MAX) u 24
Aruuauday (UNIT) wWuaufiung (CM)
5. finuuadlu Control Block Diagram \Ren uasiasa ACBOO
AU TAG i TC
wanarfduilu PID Control
Avunsaulensruaunis PV luAuanasatas 1BC A AIBOO
fvuamaneet LS lu Arfisadeanis
AvuaA1siIgATaaRIsTHA (MIN) 0 _
AMUUAATGIGATEAUR A (MAX) (U 100
Aruusniay (UNIT) uiediust (%)
6. fAirvumAnlu Control Block Diagram denldiuaminsa ACBOT
Auua TAG 1u LC

RenWerduiu PID Control
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Arvuadautlsnszucunis PV luATuDAMIATRS 1BC A AIBOT
Aaganae® LS dlu Arfisdasnns

fuun FF Taelddauiin ACBO2

Anuumsrsngaaaesra (MING i 0
ATMUARTGNGATEUBINA (MAX) 11 100

Avvuaviiae (UNT iduidafioud (%)

AMuumAY W Contro! Block Diagram wenlduamnsa ACS02
Aruua TAG lu CC

@anAerffudlu PID Control

AnuadaudsAsLuIunTg PV afuA) wawaesl (LS) 184 TC
Avumanaui LS du AIB00

uunAIA1gATe9eTHA (MIN) iy 0
AMUUAAIGIqATERFHA (MAX) {1 100

Ansuavdae (UNM wilefinus (%)

finumAn 1 Output Block Configuration W@anlduamnss ACB0O
AMuua TAG Wlu TV

AMUUANANIINISLNALIES (DIRECTION) u DIRECT
AvuaABunm (IN) 154 TAG 789 CBD A8 TC
AuuAANA1gAIasE1 A (VN il 0
ATVUAAIGIGATRAUBTTAR (MAX) 1Tu 100

Avuamine (UNIT Wwdefimusdaasnisidaafau (%)
AMvuRAYR7sHE (OUT) iy Qo1

AruuaAlu Output Black Configuration denlduanmsa AOBO!
AMvum TAG W LV

AMuuaRANINN13INALRIds (DIRECTION) iy DIRECT
ArviuaAtBuna (IN) 1l TAG 184 CBD Ag LC
fuuARnAIqaTas@1TAA (MIN 1l 0
AMUARNGIATARAHA (MAX) 11U 100

Arvuauuae (UNIT Wulefausraanistlatiandn (%)
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ArvusAtetsns (0UT lu Qo2
10. HEAUAYYIUAIN channel O 1aquafAPCLD 780 (Al @ Wat
Transducer (WT) 989A55LAUNI3
11. AOA18AYQYIUAIN channel 1 989UBSAPCLD 780 (A) N’WL"I’I"}‘?; control valve
(CV) 284nTTUAUNIS

12. AvuAAINITILAe518959RIUANT Control Block Faceplate
AnuAAN Kf 1 1

13. Anusaiuuanisvine ulu 1BC, 0BC, CBD wudmlugi® (AUT)
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INPUT BLOCK CONFIGURATION

TAG T DISCRIPTOR TEMP TRANSMITTIER MODE AUT
ADDRESS AIBGA UNIT CM
OuUT HH NMONE HAX  +180 .00

QUT. HI MONE

181
312¢ —>{ IN OUT LO NONE ourT —> +48.72
OUT LL NONE
QUT DV NONE NIN +0 .68
t
INPUT BLOCK CONFIGURATION
TAG" LT DISCRIPTOR LEUEL TRANSMITTER MODE MeM
ADDRESS AIBAL UNIT CH
OUT HH NONE HaX  +24.60
OUT HI NONE
182
8 —> IN OUT LO NONE outr —> +8.88

OUT LL NONE

QUT by MNONE nin +3.689
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CONTROL BLOCK DIAGRAN

TAG cC DISCRIPTOR TEMPERATION CONTROL HODE AUT
ADDRESS ACHBH FUNCT ION PID Control UNIT
7
+4.84 —>1 PU  PU HH HONE OUT HH NONE HAaX +100.60
NONE :
«58.88 —>{ LS PV HI NONE OUT HI NONE
NONE out
+8.68 —>{ RS PU LO NONE OUT LO NONE > +8.88
MNONE
+8.88 —>1 FF PV LL NGNE OUT LL NONE
NONE
+2.88 —> E PY DY NONE ouT PV NCNE i +8 .68

CONTROL BLOCK DIAGRAN

#

TAG e THARERINTAT Tt oy o creriess seemm
rmmmm : MMTL U rinoLontrot UNIT »
AIBBL
8.8 —>{ PU PU HH NONE OUT HH NONE MAX +189 .00
NONE
+28.88 ~——>{ LS PUY HI HONE QUY HI NONE
NONE cuT
888 —>{ RS PU LG NONE OUY LO MNONE MW +—> +g .88
NONE ,
+8.88 —>{ FF PU LL NONE OUT LL NOME
NONE
+8.88 —>»{ E PU DY NONE QUT DU NONE nin +4 .64
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CONTROL BLOCX FACEPLATE

TAG ¢ DISCRIPTOR TEMPERATION CONTROL
ADDRESS ACROAB FUNCT ION PID Control

PUIT +8 .08 E NONE +8 .00

LS NONE +50 .69 F NONE +0 .88

RS NONE +0 .68 6 DNONE +0 .88

FF NONE -8 .58 H NONE ~# .88

Kp Gain +50 .89

Ti Int Time +38.88 sec.

Td Dev Time +8.38 sec.

Kf FF Gain +8.68

OUT = Kp=(SP-FVJ+Z(Ts/Ti)=(SP-PYUI+Kpe(Td /Ts) CAPU)+Kf =FF

ouT +@.88 #

: CONTROL BLOCK FACEPLATE
146 L DISCRIPTOR LEUEL COMTROL
ADDRESS ACBB1 FUNCTION  PID Control
PU T +8.80 E NONE +8.89
LS MONE +20 .68 F NONE +3.68
RS NONE +0 .68 G NONE +8.00
FF CC +8.08 H NONE +8.88
Kp Gain +1606 .88

T Tnt Time +78.88 sec.
T1d Dev Time +8.88 sec.
Kf FF Gain «3.68

OUT = Kp=(SP-PU)+S(Ts/Ti)n(SP-PU)+Kps(Td/Ts ) (APU)+Kf =FF

ouT +3.88 «

HODE AUT

3.060
54.08
§.860
a.666
0.6e8
a.868
8.808
8.888

- N UQ

bl o) Bao B o M B Bl -

HOBE AUY

PU d.ge@
L3 79.68
%S 0.563
FF 8.888
E 8.809
F ©.6088
G B.908
H 8.8889




TAG
ADDRESS

TT
+0.88

NONE
+50.09

NONE
+8.68

CcC
+0.88

MNONE
+0.86

TAG
ADDRESS

PU NONE
LS 17

RS NONE
FF NONE

Kp Gain

CONTROL BLOCK DIAGRANM
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Ti Int Time +28.88
14 Jev Time +8 .69
¥f FF Gain +1.89

Ic DISCRIPTOR TEMPERATION CONTROL MODE AUT
ACBBB FUNCTION PID Control UMIT
—>1 PU PU HH NONE OUT HH NONE MAX +109 .80
—>4 LS PU HI NONE OUT HI MONE
cUT
—>4 R§ PV LO NONE OUT 1.0 MONE W > +3 .68
—>» FF  PU LL NCME OUT LL NONE
—>1 E FU DU NONE 6UT DU HOME Hin +8 .80
CONTRUL BLOCK FACEPLATE
cC DISCRIPTOR COMPENSATOR HODE AUTY
ACBBZ FUNCT ION PID Control
+28 .88 E NONE +@ .08 Py 28.809
+8 .88 F NONE +8 .88 L3 9.688
+8 .68 G NONE +8 .68 7S 3.658
+8 .68 H NONE +3.80 FF 8.888
E 8.0988
+18 .60 F B.oee
sec. G B.888
sec. H 8.888

OUT = Kp»(SP-PU)+Z(Ts/Ti)»(SP-PU)+Kpe(Td,/Ts ) (APU)+Kf »#FF

our

+0.88

9




TAG

ADDRESS AOBBR

C
+190.98

TAG
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CUTPUT BLOCX COMFIGURATION

ADDRESS AOBA1

LC
+8.68

U DISCRIPTOR HEATER HODE MAN
DIRECTION  DIRECT UNIT =
IN RH NONE HaxX +1096 .00
IN HI NONE
et
—>{ IN 1IN LO NONE outr —-> 4835
IN LL NONE
In Dy NONE Nin +§ .08
OUTPUT BLOCK CONF IGURATION
v DISCRIPIOR CONTROL UALUE HODE MaM
DIRECTION  DIRECT UNIT =
IN HH NONE HAX +188.83
IN HI NONE
182
—> IN INLO NONE ouT —> 8
IN LL NONE
In DV HONE MM +8 .68

g1 4.15 uassLRaAn1TviNTEY

Tisunsu DCS Tunsriuanamnginazseau 2
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HARANITNARED]
d TREND DISPLAY
TAG FREHRTNN DISCRIPTOR it iptirm b me s TREND ON
SCAaN TIME 5 SEC
MAX +58.
a8

ievel +13.88

i'temp*as

{ JHONE

* JNONE

MIN +5.8

=4 ar - 11
71 4.16 gUuaRIMANITNARDIDITRIVANSEALURS AN R TR 2

1nA1NAAR9 IFAINITImafAe

o

famaUAN TC A9ll P=50 , 1=30, D=0.3

o~ VJ
AaAILAN LC AU P=100, 1=70

L
o

famauAN CC fall P=10, 1=20

E

PNNANIINARBINLGT  NsasuaNssiuthasdnganiavasildiana  uarlunis
AUANg U guugiasidnguuanesilunanfinanin '
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1. MTAUANSEAUUN (LEVEL CONTROL)
: o . ¥
ANNIVARRIIHLT Peulnsa @ IElunsrauRudRs T IuRTaaingy axdl
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Six Channel
D/A Output Card
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1. GENERAL INFORMATION

1.1. Description

The PCL-726 provides six analog output channels on a single PC-BUS
add-on card. Each channel can be set individually to any of the
following ranges: 0 to 5V, 0 to 10V, +/-5V, +/-10V and 4 to 20mA
current output. Designed for rugged environment, the PCL-726 is an
ideal and economical solution for industrial application requiring
multiple analog voltage and/or current output channels.

In addition to the analog output, PCL-726 also provides 16 channels of
digital output and 16 channels of input. The D/ and D/O ports are
TTL compatible and designed to be fully compatible with the available
daughter boards those offer convenient solution to industrial ON/OFF
control and sensing application. These daughter boards include
PCLD-782 Isolated D/I Board, PCLD-785 Relay Ourput Board and
PCLD-786 SSR & Relay Driver Board.

A utility program disk is supplied with the purpose to minimize user’s
software effort. The disk contains ready-to-run calibration program,
demonstration program as well as program examples.

1.2. Features

X 6 independent D/A output channels.

* 12 bit resolution, double buffered D/A converters.

* Multiple voltage ranges: +/- 10V, +/- 5V, 0 to 10V, 0 to 5V and
4 10 20 mA current loop (sink).

* All D/A outputs will be at 0 volt initial state after RESET or
POWER-ON at either bipotar or unipolar mode.

* 16 digital input and 16 digital output channels. They are all TTL
compatible. ’
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* D/1 and D/O ports are fully compatible with the valid PC-
LabCard daughter boards :

-

- PCLD-782 16 channel opto-isolated D/I board.

- PCLD-785 16 channel relay output board.

- PCLD-786 8 channel SSR output & 8 channel relay
driver board.

* Furnished utility software disk contains :

- Calibration program.
- Demonstration program.
- Program examples.

* DIP switch selectable wait state (0/2/4/6 ~ wait  states)
insertion to ensure the compatibility with very high speed
PC’s.

- Screw terminal board (PCLD-780 or PCLD-781) available for D/A
output signal wiring.

1.3. Specifications

1.3.1. Analog Output

Channels . 6 channels.
Resolution . 12 Bits. Double buffered.
Output range : 0 t0 +35V (unipolar)

0 to +10V (unipolar)

+~/- 5V (bipolar)

4 to 20mA current loop (siok).

+/- 10V with external DC or AC reference.

Reference voltage :

Internal  : -3V (+/- 0.05V)
.10V (+/- 0.05V)

2



External : DC or AC, +/- 10V max.

Conversion type : 12 bit monolithic multiplying.

Analog devices : AD7541AKN or equivalent.

Linearity s +/- 172 bit

Accuracy i +/- 0.012% ftull scale range.

Temperature draft : 2 PPM/deg C full scale range

Settling time  : 70 usec max. with OP-07 output amplifiers.
(5 usec max. with OP-37 output amplifiers upon
special request.)

Current loop  : 4 to 20 mA constant current sink.

Voltage output drive : +/- SmA max.

-

Current loop excitation voltage :Minimum +8V, madmum 36V for 4
to 20mA current loop.

Reset (power-on status) : All D/A channels will be at 0 volt output
after reset or power-on, either bipolar or
unipolar mode.

1.3.2. Digital Input

Channel : 16 bits.

Level : TTL compatible.
Input low : 0.8V max.

Input high : 2.0V min.

Input load : -0.4mA max. at 0.5V.

0.05mA max. at 2.7V.

3
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1.33. Digital Output

Channel
Level
Output low

Qurput high

: 16 bits.
: TTL compatible.
- 0.5V max. when sink 8mA.

- 2.4V min. when source 0.05mA.

1.3.4. General Specifications

Power consumption : +5V : 500mA typ., 1A max.

/O connector

/O _base address

Operating Temp.

Storage Temp.

Weight

+12V : 50mA typ., 110mA max.
.12V : 14mA typ., 90mA max.

20-pin post header for Analog/Digital /O ports.
Adapter available to convert to 37 pin D-type
connector.

Regquires 16 consecutive address locatons. Base
address definable by the DIP switches for address
line A8 - A4. (Factory setting is hex 2CO0).

0 to +50 deg. C.

20 to +65 deg. C.

8.6 oz (242.89 gm).



2. INSTALLATION

2.1. Initial Inspection

Inside the shipping container, you should find this operating manual
and the PCL-726 card. The PCL-726 was carefully inspected both
mechanically and electrically before being shipped. It should be free of
marks and scratches and in perfect working order oo receiptL

When unpacking, check the unit for signs of shipping damage (damaged
box, scratches, dents, etc). If there is damage to the unit or it fails to
meet specifications, notify your local sales representative immediately.

Remove the PCL.-726 interface card from its protective packaging by
grasping the rear metal panel. Keep the anti-vibration packing.
Whenever you remove the card from the PC /O slot please store the
card in the package for protection.

Discharge any stadc electricity by touching the back of the system unit
before vou handle this card. You should avoid comtact with materials
that create static electricity such as plastic, vinyl, and styrofoam. The
board should be handled oniy by the edges to avoid stadc electric
discharge which may damage the integrated circuits on the PCL-726.

2.2. Jumper Settings
The PCL-726 is designed with easy to use in mind. There are one DIP
switch and seven jumpers on the PCL-726 card and the function of each

switch is discussed in this section. You may want to refer to Appendix
B for the physical location of each switch.

2.2.1. Base Address Selection

Switch name: SW1 position 1 to 5

Most PC peripheral devices and interface cards are controlled through
the input/output {U/O) ports. These ports are addressed using the /O

5
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port address space. Appendix C provides a PC /O port address map to
help you locate appropriate addresses for different devices.

The /O port base address for the PCL-726 is selectable via an 8
position DIP switch. ~The PCL-726 requires 16 consecutive address
locations in the /O space. Valid addresses are from hex 200 to hex
3F0, however you might have used some of these addresses for other
devices. Your PCL-726 base address switch setting is set to hex 2C0 in
the factory. If you need to adjust it to some other address range, the
switch settings for various base addresses are illustrated as below :

I1/0 Address Switch Position
Range (Eex) 1 2 3 4 5
A9 A8 A7 A6 AS Ad
———————————— (Fixed)====—~ ———
200-20F ¥ 0 0] 0 0 0
210-21F 1 [¥] 0 0 Q 1
220-22F 1 0 0 0 1 0
S ARATATAT A Lo K N @ | o
300-30F 1) 7 SN I ~o J ) o
3FO-3FF | < AV 1@ ) 1
Note : E ON = 0, OFF = 1

- A4..A9 correspond to PC bus address lines.
- * means factory setting.
- Switch position 6 is not used.
222 Wait State Selection
Switch name: SW1 position 7 and 8
Some high speed PC’s may require that wait states are inserted to

achieve stable data transfer. The PCL-726 can be configured with 0, 2,
4, or 6 wait state delays for each transfer of data. The length of the

6
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wait state can be selected with the positions 7 and 8 on SW1, as shown
below :

Switch Positien Wait state
7 8 time delay
0 0 o 0
1 0 2
0 1 4
1 1l 6

Note : * means factory setting

2.2.3. Reference and Mode Selection
Jumper name : JP1, JP2 of each channel

There are two jumpers for D/A reference source and output mode
selections on each D/A conversion channel. The JP1-seuing selects the
reference of -5V, -10V or external voitage. The JP2 setting selects
bipolar or unipolar mode of D/A outpur. -

JPl setting: Unipolar Bipolar

o} {o} Unipolar © o Unipolar
ol o
o Bipolar

o Bipolar

JP2 setting: External ref. ~-10V ref. -5V ref.
@] =ZXT o o BEXT © o EXT
o o =10V (3] -lov o o <10V
o o =3V o o =5V -5V

Some typical combinations of JP1 and JP2 are shown as following:



OQutput range Jp2 JPl .|

o o
* 0 to +5V o o©

Unipoler T—7] o o
o o
0 to +10V T}
Unipolar o o o o
o © o o
+/-5V o o
Bipolar o3
2 o o

o o
+/-10V 5} E E
Bipolar o o

o o [5) !i
4 to 20mA o o o
[T =1 o o
Ext. Ref. eo] E
(Programmable o o
Attenuator) o o o o
Note : 1.  For programmable attenuator function should, the input
signal should be conmected to the "ref in" pin of CN3
and CN4.
2. * means factory setting

23. Connector Pin Assignment

The PCL-726 is equipped with two 20-pin insulation displacement (mass
termination) connectors, accessible from the rear plate, and two other
20-pin insulation displacement connectors on-board. All these connectors
can be connected to the same type of flat cables, or connected to 37-pin
D-type connectors through our PCLK-1050 industrial wiring kit. Please
refer to Appendix B for the location of each connector.

The following diagrams illustrate the pin assignment of each connector.
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Legend :
v ouT - Analog voltage output
I OUT - Analog current output
REF OUT - Reference voltage output
REFIN - Voltage reference input
D/O - Digital output
DA - Digital input
D.GND - Digital and power supply ground
A.GND - Analog ground
NC - No connecdon
Connector 1 (CN1l) - Digital Output
D/0 0 I 2] D/O1l
D/O 2 3 4| p/O3
D/0 4 5 6 D/0 5
D/O 6 7 8f D/O 7
D/0 8 9 10 D/0 9
D/0 10 11 12| D/O0 11
D/0 12 13 14 D/0O 13
D/0 14 15 16| D/0 15
D.GND 17 18| D.GND
+5V 19 20 +12Vv
Connector. 2 (CN2) - Digital Input
D/T O T 2] D/T 1
D/I 2 3 4 D/I 3
D/T 4 5 6| D/I 5
D/I 6 7 8 D/I 7
D/I 8 9 10 D/I 9
D/I 10 Il 12 D/I 11
D/TI 12 13 14 D/I 13
D/I 14 15 16 D/I 15
D.GND 17 18{ D.GND
+5V 19 20 +12V




Connector 3 (CN3) - D/A OQutput (Ch #1 to Ch #3)
-5V REF OUT 1 2 -10V REF OUT
-5V REF OUT 3 4 -10V REF OUT
D/A 31 V OUT 5 6 D/A $#1 I CUT
D/A $1 REF IN 7 8 A.GND
D/A $2 V QUT 9 10 D/A 32 I OUT

D/A #2 REF IN 11 12 A.GND
D/A 33 V OUT 13 14 D/A 3 I OUT
D/A #3 REF IN 15 16 A.GMD

A.GND 17 18 A.GND
NC 19 20 NC
Connector 4 (CM4) - D/A Output (Ch #4 to Ch #6)

D/A 24 V OUT 1 2 D/A §4 I OUT
D/A #4 REF IN 3 4 A.GMD
D/A 35 V OUT 5 6 b/a 25 I OUT
D/A #5 REF IN 7 8 A.GND
D/A #6 V OUT 9 10 D/A %6 I OUT
D/A #6 REF IN 11 12 A.GND

A.GND 13 14 A.GMD
D.GND 15 16 D.GND
+5V i1 7008 +3V

+12V 19 20 +12V

2.4. Hardware Installation
Instailing the card in your computer

1. Turn the computer off. Turn the power off to any peripheral
devices (such as printers and monitors).

2 Disconnect the power code and any cther cables from the back of
the computer. Turn the system unit so the back of the unit faces
you..

3. Remove the system unit cover (refer to your computer users guide
if necessary).

4. Locate the expansion slots at the rear of the unit and choose any
unused slot.

10
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5. Remove the screw that secures the expansion slot cover to the
system unit (save the screw 1o secure the interface card retaining
bracket).

6. Carefully grasp the upper edge of the PCL-726 card. Align the
hole in the retaining bracket with the hole on top of the
expansion slot, and align the gold striped edge connector with the
expansion slot socket. Press the board firmly into the socket.

7. Replace the screw in the expansion slot retaining bracket.

8. Attach necessary accessories, €., 20 pin flat cable or connector
adapter, to the’ interface card based on your application
requirements.

9.  Replace the system unit cOver. Connect the cables you removed in

step 2. Turn the computer power on.
The hardware installation is now completed, proceed to install the
sofrware driver.
2.5. Software Installation
A floppy diskette containing  utility ~ software is included with each
PCL-726 to minimize your application programming work and support
the PCL-726 calibration. The udlity programs include :
1. Testing program.
2.  Demonstration programs.
3. * Calibration program.
It is strongly recommended that you make a working copy from the
master copy diskette and save the master copy in safe place. You may
use the DOS COPY or DISKCOPY commands to copy the diskette fiies

to another floppy disk or use the COPY command to copy the files to a
hard disk. Refer to your MS-DOS users manual for details of how to

11



make backup copies of your diskettes.

Since the operation of the calibration program will be covered in
Appendix D, we will only explain the functions of these program files.

* TESTT26.EXE

* DEMO726A.BAS

* DEMO726B.BAS

* CALB726.BAS

: The object of the test program is to test the PCL-

726 functions easily by the user. The test functions
consist of D/A voltage outpur, D/A current loop
output, digital output and digital input.

: This demonstration program provides an example

of writing /O ports to program D/A #1 to
generate +3V at unipolar mode and than programs
D/A #2 to generate -3V at bipolar mode.
Addidonally, there are also some explanations
about how to program a current output of 10mA
on D/A #3

. This Jemonstration program provides an example

that programs D/A #1 to D/A #6 to generate a
voltage waveform rising from -3V to +5V and
then a drop from +5V 1o -5V at bipolar mode.

: This calibration program provides a procedure to

calibrate the voltage and current output of each
D/A channels. The program will guide the user
to adjust the variabie resistors to get the best
accuracy of the outputs.

12
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3. SIGNAL CONNECTION

3.1. Introduction

Correct signal connection is one of the most important steps to assure
your application system will send and receive data correctly. Since most
data acquisition applications involve voltage measurement, correct signal
connection will avoid costly damage to your equipment. This section
provides some useful information on signal connection in different types
of data acquisition applications.

3.2. Voltage Output Connection

The PCL-726 supports 6 channels of D/A voltage output. There is only
one output signal wire for each channel. The voltage is referred to the
common ground. It is fairly simple to connect a voltage output channel
to a floating load. A standard wiring diagram is illustrated below :

PCL-726 Side External Side
t
o/a m v_2uT 5 -
Canvertar | 2 MU T Fizat
. ! = Locac
[ =23/ .

< 1

For grounded load, the signal should be connected as:

o/a ‘ v cuTH =
Converter ] AMP | e Grounded
!
; Lasa

< | —
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For some differential input loads, an external ground wire is needed and
the signal connection is recommended as following:

t
1 f 1 i
o/4 s ~— ¥ JUT ;) -
canverter | "y 7
[P SEN

i
|
o Sy
L | \ o

33. 4 to 20mA Current Output Connpection

The PCL-726 provides 6 channels of 4 to 20mA current output. The
current loop output utlizes the 0 to 5V (unipolar) voltage output as the
driving source and a current drive circuit coumsists of a power FET,
reverse protection diode and 2 constant current source. The voltage bias
of this current output should be within 8 to 36 volts to insure cOrTeCt
operadon. A 24 volt power supply is ideal for this applicadon. The
PCL-726 also provides internal 12 volt power source for current loop by
user’s selection. There are three ways of connecting: 2 grounded load
with a floating supply, a floating load with a grounded pOwer supply, 2
floating load with internal 12 volt supply. The connectons are shown
below:

——
v
—_————— L 0 - | €lgogas '_=

!
H !
/s r__..-_ o H Power
Sanverser | AMP '
= ]
. ‘ e —
o za =V ’ 1 !
unipolar 1 } 1 l Gr:_‘ufc;c
Quzouz 1 aAmA ) | La
v < ! —_—
s 3ND_ o
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v > . i
AL INQ 3 Sawer '_= '
e Suooly
v TS
. !
e 24T
D3/A q ¥ o .
'
Canverszar ' }—i_‘ | .
Ty YAvEs B ! !
8 oo 2V coeto R A WAV { \ —
Unizaelar N CAYERY pd Fisacz
Queous Ll oama % H A 2a3a
& -
) 1
—
7 ! i
B
. —
|———_1 - 3.aNm .
BC -13Y i -
i 3upoly - aizYy

3.4. Programmable Attennuator Connection

A variety of D/A operations can be supported by your PCL-726. For
example, the PCL-726 can function as a digital attenuator by inputing
variable AC or DC references, or can be used to generate arbitrary
waveform outputs. The connection is :

P = azs =N :
AT
-
REF IN. i
T
S/A . { Oriver v oayT \
canverzer v—l AMP " i
] | H
AL GNC L i
! i
% I
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3.5. Digital Signal Connection
The PCL-726 has 16 digital input and 16 digital output channels. The

digital /O levels are TTL compatible. To transmit or receive digital
signal to/from other TTL devices, the connection is :

TTL Qevices

L SEAN \

To receive an OPEN/SHORT signal from a switch or relay, a pull up
resistor must be added to ensure the high level when open.

é 4.7

VAN

O--—

0.GND

ﬂr__
A~ —o
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4. REGISTER STRUCTURE AND FORMAT

4.1. Introduction

The PCL-726 requires 16 consecutive addresses in [/O space. The most
important issue in programming the PCL-726 is understanding the
meaning of the 16 registers addressable from the selected /O port base
address. A summary map of the functions of each address and the data
format of each register are given:in the following sections.

4.2. /O Port Address Map

The following table provides the location of each register and driver
relatve to the base address, and its usage.

Legend :
D/A Analog cutput
D/0 Digital output

D/I - Digital input

R Read operation on that byte

w Write operation on that byte

Address  R/W Usage

BASE + 0 W D/A ch #l1 high byte data (bit 0-3)
BASE + 1 W D/A ch #1 low byte data

BASE + 2 W D/A ch #2 high byte data (bit €-3)
BASE + 3 W D/A ch 32 low byte data

BASE + ¢ W D/A ch #3 high byte data (bit 0-3)
BASE + 5 W D/A ch #3 low byte data

BASE + 6. W ~-D/A ch #4 high byte data (bit 0-3)
BASE + 7 W D/A ch #4 low byte data

BASE + 8 W D/A ch #5 high byte data (bit 0-3)
BASE + 9 W D/A ch #5 low byte data

BASE + 10 W D/A ch %6 high byte data (bit J-3)
BASE + 11 W D/A ch 46 low byte data

BASE + 12 W D/O ch 8-15

BASE + 13 W D/Q ch 0-7

BASE + 14 R D/I ch 8-15

BASE + 15 R pD/= ch 0-7

17



43. D/A Output Registers

The D/A output registers are write registers using address BASE +0 to
base +11.

Data Format :

BASEZ + 0 (2,4,6,8,10) D7 D6 D5 (D4 D3 D2 Dl Do
p/a 1 (2,3,4,5,6) X X X X DA1l DALO DAY DAS
digh byte

BASEZ + 1 (3,5,7,9,11) D7 D6 D5 D4 D3 D2 Dl Do
D/A % 1 (2,3,4,5,6) DA7 DA6 DA5 DA4 DA3 Da2 DAl DAQ
Low dbyte

LEGEND :

DA11l to DAQ - Digital to analog data. DAQis the least significant  byte
(LSB) and DALl is the most significant byte (MSB) of
the D/A data.

X - Don’t care

Thé D/A circuit utilizes a double buffer technique t0 eliminate the
transient stage between the writing operations of high byte and low byte
data. The high byte data (only the lower 4 bits are significant) must be
written first and it is then latched into a latch for temporary storage
and does not change the analog output. While the low byte is being
sent, the high byte data reaches the D/A converrer at the same time as
the low byte data. ’

NOTE : THE HIGH BYTE DATA MUST BE SENT FIRST.

4.4. Digital /O Registers

The PCL-726 offers 16 digital input channels and 16 digital output
chammels. The digital input channels use the /O address BASE +14
and BASE +15. The digital ourput channels use the /O address BASE
+12 and BASE +13. The data format of each port is as following :

18



Data Format :
BASE + 12 p7 D6 D5 D4 D3 D2 Dl DO

D/0 high byte DO15 DOl4 DOl3 DOl12 pOll DO1l0 DO9 DO8

BASE + 13 D7 D6 DS D4 D3 D2 Dl DO

D/0 low byte pO7 DO6 DOS DO4 DO3 DOZ DOl DOO

BASE + l4 D7 D6 D5 D4 D3 D2 D1 DO

D/I high byte DI15 DIl4 DI13 DI12 DI1l DI1O DI9 DI8

BASE + 15 D7 D6 D5 D4 D3 D2 D1 Do

D/I low byte pr7 DI6 DIS DI4 DI3 DI2 DIl DIO

LEGEND :

DO15 to DOO - Digital output data. DO7 w0 DOO is the low byte data
and DO1S to DO7 is the high byte data (MSB) of the
digital output port.

DI15 to DI0 - Digital input data. DI7 to DIO is the low byte data and
DI1S to DI7 is the high byte data (MSB) of the digital
input port.



5. APPLICATION

5.1. D/A Applications

The PCL-726 provides 6 D/A channels which use double buffered 12
bit muitiplying D/A converters. The D/A registers are write registers
using address BASE +0 to BASE +11

When programming the D/A channels, please note that the most
significant  byte (high byre data) should be sent first. It is then
temporarily held by a register in the D/A and not released to the D/A
coaverter. After the least significant byte (low byte data) is written, the
low byte and high byte are added and passed to the D/A converter at
the same time. This double buffering process protects the D/A data
integritv  through a single step update.

The PCL-726 provides an internal precision fixed -5V reference. If this
voltage is used as D/A input reference, the D/A output range will be 0
10 +5%. You may select other external DC or AC sources as the D/A
reference inputs. The maximum reference voltage is +/-10V and the
maximum D/A output range is +/- 10V.

Connector CN3 and CN4 support all D/A signal connections. The pin
assignment of these connectors is described in Section 2.3. Section 3.2.
and 3.3. cover the D/A signal connections and gives an illustration of a
wiring diagram.

The PCL-726 D/A functions can be performed in the way by writing
O instructions to the registers directly. A commonly used D/A
applicadon is clearly illusrated in the demonstration program on your
diskerre. The demonstration program, DEMO726A.BAS, on the PCL-726
software diskette provides a complete explanation of programming either
a single D/A channel or more D/A channels.

The following program examples written in BASIC show how to pro-
gram D/A channel #1 to generate a voltage of +3V.

i * Figure out the values of the low and high bytes.
23 * The jumper is set to -5V reference and unipolar
2 * and the D/A —ange is OV to +5V.

20



30

40 v = 3.0

50 X% = (V/5%4096)

60 ' X% = (V/5%*2048)+2048 for bipolar -5V to &5V

70 IF X$>4095 OR X%<0 THEN PRINT "OVERFLOW !!!" : END
80 EI$ = X% \ 256

S0 LO% = X$ MOD 256

100 ‘' Write the value into registers
110 OUT &32CO0+0, HI% : OUT &H2CO+1l, LO%
120 END

5.2. Digital Input and Output

The PCL-726 provides 16 digital input channels and 16 digital output
chapnels. It is fairiv straight forward to program the digital input and
output channels. Attention should be paid to the pin assignments of
connectors CN1 (digital output) and CN2 (digital input).

A reading operation on any of the D/I ports will read in the value of
the 8 corresponding digital input channels. To access the D/l ports in
BASIC, use the following statement:
VALUE = INP (ADDRESS)

Where ADDRESS is BASE+14 (high byte) or BASE+15 (low byte).
A writing operation to any of the D/O ports will set the desired value
of the 8 corresponding digital output channels. To access the D/O ports
in BASIC, use the statement shown below:

OUT ADDRESS, VALUE
Where ADDRESS is BASE+12 (high byte) or BASE+13 (low byte).
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APPENDIX B. CONNECTOR, SWITCH AND VR LOCATIONS
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APPENDIX C. PC /O PORT ADDRESS MAP

/O Address Range (Hex) Function

000-1FF
200

201
202-277
278-27F
280-2F7
2F8-2FF
300-377
378-37F
380-3AF
3B0-3BF
3C0-3CF
3D0-3DF
3EQ-3EF
3F0-3F7
3F8-3FF

Base system
Reserved

Game control
Reserved

Second printer port
Reserved

COM2

Reserved

First printer port
Reserved

Mono Disp/Print adapter
Reserved
Color/Graphics
Reserved

Floppy disk drive
COM1
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APPENDIX D. CALIBRATION

In the application of data acquisition and control, it is important to
constantly calibrate vour measurement device to maintain its accuracy.
A calibration’ program, CALB726.BAS, is provided on the PCL-726
software diskette to assist your calibration work.

D.1. VR Assignment

There are 28 variable resistors (VR) on the PCL-726 to allow you
making accurate adjustment on D/A channels. The locaton of each VR
is indicated in Appendix B. Connector, Switch and VR Locations. There
are 6 sets of VR1, VR2 and VR3 for the adjustment of 6 D/A channels
respectively. The functions of the VR'’s are listed below:

VR1 : D/A gain adjustment for each channet

VR2 : D/A unipolar offset adjustment for each channel

VR3 : D/A bipolar offset adjustment for each channel

VR4 : -10V reference voltage adjustment for D/A Ch #1 to Ch #3
VRS : -5V reference voltage adjustment for D/A Ch #1 to Ch #3
VR6 : 10V reference voltage adjustment for D/A Ch #4 to Ch #6
7: -5V reference voltage adjustment for D/A Ch #4 to Ch #6
CH1 : Ch #1 current offset adjustment (4 mA)

CH2 : Ch #2 current offset adjustment (4 mA)

CH3 : #3 current offset adjustment (4 mA)

CH4 : Ch #4 current offset adjustment (4 mA)

CHS5 : Ch #S current offset adjustment (4 mA)

CH6 : Ch #6 current offset adjustment (4 mA)

D.2. D/A Calibration
*

The calibration program is written in BASIC language. To use it, simply
load the program into BASIC and run the program. The default o
port address setting in the program is hex 2C0. If address hex 2C0 had
been occupied by another device, you may either replace that device
with the PCL-726 on address hex 2C0 or modify the address setting in
the calibration program. It is strongly recommended that do not change

25



the program unless you thoroughly understand the PCL-726 calibration
program.

Once the calibration program has been loaded and executed, it uses the
graphic display and prompts to guide you through the calibration
process.

In addition to the calibradon program, it is necessary to have a 5 1/2
digit multimeter to perform the calibration. A slot extension card will
make your access to the VR’s easier. The PC-LabCARD product
PCL-755A (Slot Extension Card) is an ideal product to support the siot
extension.

A standard procedure to calibrate the PCL-726 card is illustrated below:

Step 1: Calibrare REFERENCE VOLTAGE SOURCES including -5V
REF1 (Ch #1-Ch #3), -10V REF1(Ch #1-Ch #3), -5V REF2
(Ch #4-Ch #6) and -10V REF2 (Ch #4-Ch #6).<VR4-VR7>

Step 2 :  Adjust D/A voltage ourput OFFSET of unipolar mode.
<< adjust VR2 of each channel >>

Step 3 :  Adjust D/A voltage output GAIN of unipolar mode.
<< adjust VR1 of each channel >>

Step 4 :  Adjust D/A precision 4mA constant current.
<< adjust VR named "CH1" to "CH6" >>

Step 5 : Adjust D/A volitage output OFFSET of bipolar mode.
<< adjust VR3 of each channel >>

Note : The voitage output GAIN of bipolar mode depends on the GAIN
of unipolar mode, so it is not necessary to be adjusted. The current
gain depends on a precise fixed resistor and does not need adjustment
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CHAPTER 1 _ GENERAL TNFORMATION

1-1 Introduction to The PCI~812

The PCL-812 is. a high performance, high speed, multi-function
data acquisition card for IBM PC/XT/AT and compatible computers.
The high-end specifications of this full-sized card, and complete
software support from third-party vendors make it ideal for a
wide range of applications in industrial and laboratory environ-
ments. These applications include data acquisition, process
control, automatic testing and factory automation.

1-2 FKey Features
* 16 single-ended analog input channels.

* An industrial standard 12-bit successive approximation
converter (HADCS5747) to convert analog inputs. The maximum
A/D sampling rate is 30 XKHz in DMA mode.

* Switch selectable versatile analog input ranges.
Bipolar: +/- 1V, +/- 2V, +/- 5V, +/- 10V.

* Three A/D trigger modes : Software trigger
Programmable pacer trigger
External trigger pulse trigger.

% The ability to transfer A/D converted data by program
control, interrupt handler routine or DMA transfer.

* An INTEL 8253-5 Programmable Timer/Counter provides pacer
output (trigger pulse) at the rate of 0.5 MHz to 35 minutes-
/pulse to the Aa/D. The timer time base is 2 MHz. One
16~bit counter channel is reserved for user configurable
applications.

* Two 12 bit monolithic multiplying D/A output channels. An
output range of from 0 to +5 can be created by using the on-
board -3V reference. This precision reference is derived
from the A/b converter reference. External AC or DC referen-
ces can also be used to generate other D/A output ranges.

* 16 TTL/DTL compatible digital input, and 16 digital output
channels.

=
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1-3 Expansion Capabilities

To complement the powerful features of the PCL-812, the ver-
satility of the card can be further enhanced with the use of the
optiocnal daughter boards listed below:

v
PCL-~789

Amplifier/Multiplexer board. This powerful front end analog
input signal conditioning card can multiplex 16 differential
inputs to one A/D input channel. A high grade instrumentation
amplifier provides switch selectable gains of 0.5, 1, 2, 10, 50,
100, 200, 1000 or any user definable gain.

PCLD-786

AC/DC Power SSR and Relay Driver board. This board provides 8
channels of photo-couple isolated solid state relay modules, plus
an additional 8 external relay driver outputs.

PCLD-785

Relay Output board. This board provides 16 SPDT relays driven by
the 16~bit digital output channels of the PCL-812.

PCLD-782

Isolated D/I board. This l6-channel opto-isolated digital input
board provides an easy way to input digital signals to the
PCL-812.

PCLD-780

Wiring Terminal board for easy analog and/or digital I/0 connec-
tions.

1-4 Software Support

The PCL-812 also provides powerful and easy to use software
driver routines which can be accessed by the BASIC CALL state-
ment. With these driver routines, application programming becomes
much easier especially when you want to use some of the sophisti-
cated features available with the PCL-812 e.g. interrupt or DMA
data transfer.

To provide PCL-812 users with more application support, a variety
of excellent third-party application software packages have been
inteqrated with the PCL-812. <Currently, the PCL-812 is supported
by the following software:

+ pPC-LabDAS - Turn-key, menu driven, general purpose data



acquisition package from Advantech.

* UnkelScope - Menu driven data acquisition software with
waveform analysis from Unkel Software Inc.

A complete software product catalog is available free from your
local PC-LabCARD representative.

This manual is organized to help you understand the functions of
the PCL-812, and serve as a programming reference book.

1-5 Product Specifications

1-5~1 Analog Input (A/D Converter)

Channels : ' 16 Single-ended.

Resolutiocn : 12 bits.

Input Range : Bipolar : +/- 10V, +/- 5V, +/- 2V, +/- 1V.
All input ranges are switch selectable.

Overvoltage : Continuous +/- 30V Max.

Conversion type 3 Successive Approximation.

Converter : BADCS5747%Z.

Conversion speed : 30 KHz max.

Accuracy : 0.015 % of reading +/~ 1 bit.
Linearity : +/- 1 bit.
Trigger mode : Software trigger, on-board programmable timer

or external trigger.
Data transfer : Program control, Interrupt control or DMA.
External trigger : (TTL compatible, load 0.4mA max. at 0.5V
({low) or 0.05mA max. at 2.7V (high)).

1-5-2 Analog Cutput (D/A Converter)

Channels : 2 channels.
Resolutiecn : 12 Bits.
Output Range : 0 to +5V with fixed -5V reference. +/- 10V

3



Reference voltage.:

Conversion type :
Analog devices
Linearity :
Output drive

Settling time :

pey
<
s

with external DC or AC reference.

Internal : -5V (+/- 0.05V).
External : DC or AC, +/- 10V max.

12 bit monolithic multiplying.
AD754/AKN or equivalent.

+/- 1/2 bit.

+/- S5mA max.

30 microseconds.

1-5-3 Digital Input

Channel :
Level
Input voltage :

Input load

16 bits.
TTL compatible.
Low - 0.8V max. High - 2.0V min

Low - 0.4mA max. at 0.5V.
dign - 0.05mA max. at 2.7V.

1-5-4 Digital Output

Channel :
Level :

Output voltage :

1-5-5 Programmable
Device :

Counters @

Input, gate :@
Time base

Pacer OQutpzTtT ¢

16 bits.

TTL compatible.

Low - Sink 8mA at 0.5V max.

High - Source -0.4mA at 2.4V min.
Timer/Countexr

INTEL 8253-5.

3 channels, 16 bit. 2 channels permanently
connected to 2 MHz clock as programmable
pacer, 1 channel free for user application.
TTL/DTL/CMOS compatible.

2MHz.

353 minutes/pulse to 0.015 MHz,
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1-5-6 Interrupt Channel

Level :

Enable

1-5-7 DMA Channel
Level :

Enable

IRQ 2 to 7, Jjumper selectable.

Via S0, 51 and S2 of CONTROL register.

1 or 3, jumper selectable.

*Via S0, S1 and S2 of CONTROL register.

1-5-8 General Specifications

Power consumption : +3V : typ. 500mA, max. 1A

I/0 connector

I/0 base address :

Operating Temp
Storage Temp :

Weight

+12V : typ. 50mA, max. 10OmA.
=12V : typ. 1l4mA, max. 20mA.

20-pin post header for -Analog/Digital I/0
ports. Rdapter available to convert to 37 pin
D-type connector.

Requires 16 consecutive address locations.
Base address definable by the DIP switches
for address line A8 - A4. (Factory setting is
&E220)

to +50 deg.C.
~20 to +65 deg.C.

8.6 oz (242.89 gm).

in



CHAPTER 2  INSTALLATION

2-1 Initial Inspection

Tnside the shipping container, you should find this operating
manual and the PCL-812 card. The PCL-812 was carefully inspected
soth mechanically and electrically before being shipped. Iz
should be free of marks and scratches and in perfect working
order on receipt.

when unpacking, check the unit for signs ¢of shipping damage
(damaged box, scratches, dents, etc). I¢ there is damage to the
unit or it fails to meet specifications, notify our service
department or your local sales representative immediately. Also,
call the carrier  immediately and retain the shipping carton anc
packing material for inspection by the carrier. We will thez
make arrangements to repalr or replace the unit.

Remove the PCL~812 interface card from its protective packaging
by grasping the rear metal panel. Xeep the anti-vibratior
packing. Whenever you remove the card from the PC expansicn
slot, please store the card in the paé¢kage for protection.

Discharge any static electricity by touching the back of the
system unit before you handle the board. You should avoil
contact with materials that create static electricity such as
plastic, vinyl, and styrofoam. The board should be handled only
by the edges to avoid static electric discharge which coull
damage the integrated circuits con the PCL-812.

2-2 Jumper Settings

mhe PCL-812 was designed with easy to use in mind. There are twec
dip switches and seven jumpers on the PCL-812 interface contro:
card and the function of each switch is discussed in this
section. You may want to refer to Appendix B for the physical
Zocation of each switch.

2-2-1 Base Address Selection
Switch name: SW1

Most PC peripheral devices and interface cards are controlled
~hrough the input/output (I/O) ports. These ports are addressec
=sing the I/0 port address space. Appendix C provides a PC I/T
cort address map %o help you locate appropriate addresses Zco
Zifferent devices.
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The I/0 port base address for the PCL-8l2 is selectable via an 38
position dip switch. The PCL-812 requires 16 consecutive address
locations in I/0 space. Valid addresses are from Hex 200 to Hex
3F0, however you might have used some of these addresses for
other devices. Your PCL-812 base address switch setting is set
to Hex 220 in the <£factory. If you need to adjust it to some
other address range, the switch settings for varicus base
addreeses are illustrated as below:

I/0 Address Switch Position
Range (Hex) 1 2 3 4 5 5
A9 A8 A7 A7 AS A4 Al
———————————— (Fixed)-——mmmm s e
200-20XF 1 0 0 0 0 0 X
210-21XF 1 0 0 0 Q 1 X
220-22XF+* 1 0 0 0 1 0 b4
220-23XF 1 c 0 0 1 1 X
300~30XF it 1 0 0 0 0 X
3FO--3FXF 1 1 1 o5 1 1 X

Note ¢ - ON = 0, OFF = 1
- A4...A9 correspond to PC bus address lines.
- * means factory setting.

2-2-2 Wait State Selection

Some high speed PC’'s may require that a wait state is added t:c
the PCL~812 to achieve stable data transfer. The ?CL-812 can be
configured with 0, 2, 4, or 6 wait state delays for each transier
of data. The length of the wait state can be selected with the
pins 7 and 8 on SW1l, as shown below:

Switch Position
7 8 Time

OO
=00
N O

~!
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2-2-3 Bipolar Input Range Selection
Switch name: SW2
The specific analog input range within the bipolar group is

selected by this 5 position DIP switch. The following table
jllustrates the switch setting and corresponding input ranges.

-~ - — - e s o ————

Switch Position Bipolar
1 2 3 4 5 Range
ON OFF ON OFF X +/- 10V
OFF CN ON OFF X +/- 5V
ON OFF OFF ON X +/- 2V
OFF ON OFF ON X +/~ 1V

Note : See Chapter 5-2 for the user definable analog input range.

2-2-4 DMA Channel Selection
Jumper name: JP5, JP6

The PCL-812 provides DMA data transfer capability. The selection
of DMA level 1 or level 3 is controlled by this jumper.

13X 1 3 X
oofo o o6
o ojo o oo
Jpé JP5

DRQ DACK

2-2-5 Trigger Source Selection

Jumper name : JP1

JP1
INT 1E
TRG
EXT o

2-2-§ User's Counter Input Clock Selection

Jumper name : JP2
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JP2
INT G
CLK ol
EXT o

2-2-7 1IRQ Level Selection

Jumper name : JP4

2 3 4 5 () X

° o o o o Eﬂ

o o o o o o
J24 (IRQ)

2-2-8 D/A Reference Source Selection
Jumper name : JP7, JP8

JP7T © O] o D/Al
JP8 & o D/A2
INT VREF EXT

2-3 Connector Pin Assigmment

The PCL-812 is equipped with two 20-pin insulation displacement
(mass termination) connectors, accessible from the rear plate,
and three other 20-pin insulation displacement connectors
on-board. 2ll these connectors can be connected to the same type
of flat caklies, or connected to 37-pin D-type connectors through
our PCLK-1050 industrial wiring kit. Please refer to Appendix B
for the location of each connector.

The following diagrams illustrate the pin alignment of each
connector.

Legend :
A/D - Analog input
A.GND - Analog ground
D/A - Analog output
D/0 - Digital output
D/I - Digital input
D.GND - Digital and power supply ground
CLK - Clock input for the 8253
GATE - Gate input for the 8253
ouT - Signal output of the 8253 .
VREF - Voltage reference



Connector 1 (CN1l) - Analcog Input (Single-ended channels)

A/D 0 1 2 A.GND
A/D 1 3 4 A.GND
A/D 2 S 6 A.GND
A/D 3 7 8 A.GND
A/D 4 S 10 A.GND
A/D 5 11 12 A.GND
A/D 6 13 14 A.GND
A/D 7 15 16 A.GND
A/D 8 17 18 A.GND
A/D 9 19 20 . A.GND
Connector 2 (CN2) - Analog .Output
A/D 10 1 2 A.GND
A/D 11 3 4 A.GND
A/D 12 3 6 A.GND
A/D 13 7 8 A.GND
A/D 14 9 10 A.GND
A/D 15 11 12 A.GND
D/a 1 13 14 A.GND
D/A 2 15 16 A.GND
V.REF 1 17 18 A.GND
V.RBF 2 19 20 A.GND
Connectcr 3 (CN3) - Digital Output
D/Q 1 2| D/O 1
D/O 2 3 41 D/O 3
D/C 4 5 6, D/O 5
D/0O & 7 8 D/0 7
D/O 8 9 10 D/0 9
D/0O 10 11 12 D/0 11
D/0 12 13 14 D/0 13
D/O 14 15 16 D/0 15
D.GND 17 18 D.GND
+ 3V 19 20 + 12V
Connector 4 (CN4) - Digital Input
p/z- " 0 1 2 D/I 1
D/Z 2 3 4 D/1 3
D/I 4 5 6 D/T 5
D/Z 6 7 8 D/I 7
D/Z 8 ] 10 D/I 9
D/Z= 10 11 12 D/I 11
D/T 12 13 14 D/I 13
D/= 14 15 16 D/YI 15
D.GND 17 18 D.GND
+ IV 19 20 + 12V

10
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Connector 5 (CNS5) - Couhter

EX.TRG 1 2

DRDY 3 4

2 MHz 5 6 CTRL GATE
7 8 CTRO CLK
9 10 CTRO OUT
1k 12 CTRO GATE
e CTRL “OUT
15 -16

D.GND 17 18 D.GND

+ 5V 19 20

2-4 Hardware Installation

therhkerkreer bk krkrrrr  WARNING *xdrktdrrrrrrrrrdrrrrrrheors

* w
* w
* *

TURN OFT your PC power supply whenever installing or **x
removing the PCL-812 or connecting and disconnecting **
cables. * %

LA ES LSRR R ARl il sl i sl s i s X2 et X X 2°3

Installing tZe card in your computer :

1.

2.

Turn the computer off. Turn the power off to any peripheral
devices (such as printers and monitors).

Disconnect the power cord and any other cables from the back
of the computer. Turn the system unit so the back of the
unit faces you.

Remove =he system unit cover (refer to your computer users
guide iZ npecessary).

Locate the expansion slots at the rear of the unit and
choose any unused slot.

Remove <the screw that secures the expansion slot cover to
the system unit (save the screw to secure the interface card
retaini=g bracket).

Carefullv grasp the upper edge of the PCL-812 dard. Align
the hole in the retaining bracket with the hole on top of
the exransion slot, and align the gold striped edge connec-
tor wit: the expansion slot socket. Press the board firmly
into the socket.

Replace t<he screw in the expansion slot retaining bracket.

Attach =ecessary accessories (e.g. 20 pin flat cable or
connectss adapter, etc.) to the interface card based on your

11
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application requirements.

9. Replace the system unit cover. Connect the cables you
removed in step 2. Turn the computer power on.

The hardware installation is now complete, proceed to install the
software driver.

2-5 Software Installation

A floppy diskette containing utility software is included with
each PCL-812 to minimize your application programming work and
support the PCL-812 calibration. The utility programs include:

1. A comprehensive I1I/0 driver routine for A/b, D/A, Digital I/0
and Counter applications. It 1is written in assembly
language and accessed through the CALL statement of BASICA
and Quick BASIC.

2. Demonstration programs.
3. Calibration program.

It is strongly recommended that you make a working copy from the
master copy diskette and save the master copy in safe place. You
may use the DOS COPY or DISKCOPY commands to copy the diskette
files to another floppy disk or use the COPY command to copy the
files to a hard disk. Refer to your MS-DOS users manual for
details of how to make backup copies of your diskette. )

Since the operation of 1I/O driver routines, demonstration
programs and calibration program are covered in Chapter 5,6,7,8,9
and Appendix D, we will only explain how to load the PCL-812
driver routines to the PC memory segment in this section.

The PCL-§12 I/0 driver is written in assembly language and
compiled into a machine language program called 812BAS.BIN. The
actual size of the program is more than 4K bytes. There are two
possible ways of loading the I/O driver into memory, your
selection depends on the memory size available on you PC.

1. The first method 1is loading the machine language driver
immediately after the normal BASIC work space area. This
approach 1s more complicated than the other approach,
because it requires close verification of the free bytes
available in the BASIC work space area, and calculation of
the driver routine starting address.

Steps involved (in sequence) are :
a. Check the free bytes available in the BASIC work space

12
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area.

If the BASIC free work space does not exceed 60,000
bytes, it is recommended that you use the BASICA WS (
work space) command to reduce the BASIC work space area
and reserve sufficient space for the driver routines.

Identify the segment address containing BASIC.

Calculate the end address of the BASIC work space from
the position the driver program is loaded.

Load the binary program ,812BAS.BIN using the BASIC
"BLOAD" command.

A sample program is provided as following.

110
120
130
140
150
160
170
180

*LOAD 812BAS.BIN DRIVER TO BASIC AREA

CLEAR 573441 ‘SET BASIC HIGHEST WORK SPACE WITHIN 56K
DEF SEG=0 p

SG=256+PEEK (&E511)+PEEK (&H510)  ‘GET BASIC SEGMENT
SG=SG+573441/16

DEF SEG=SG

BLOAD"812BAS.BIN",0
‘END OF DRIVER LOADING

The second method is loading the machine language driver to
a memory segment wnich is independent from the BASIC work

area.

This approach is easier to use, but it requires more

available memory space on your PC.

The steps involved (in sequence) are

a.

b.

Locate a memory segment with at least 5K bytes free at
its beginning.

Load the binary program 812BAS.BIN with the BASIC
"BLOAD" command from the beginning of that memory
segment.

A sample program is pravided as following.

110
120
130
140

'LOAD 812BAS.BIN DRIVER TO AN OQUTSIDE AREA
DEF SEG=&HS5000 ‘DEFINE OUTSIDE AREA
BLOAD"812BAS.BIN", 0

‘END OF DRIVER LOADING

Since the driver is located in an area outside the BASIC
work area, the driver should be linked by a DEF command
immediately before each driver FUNCTION being called. An
example is provided.

13



150 ‘INITIALIZE DRIVER USING FUNCTION 0
160° DATS(0)=&H220

170 DAT%(1)=4

180 DAT%(2)=1

190 PCL812=0

200 ERR$=0

210 FUNC%=0

220 DEF SEG=&HS000

230 CALL PCL812(FUNC%,DAT$(0), ERR%)
240 ‘END OF DRIVER. INITIALIZATION

Loading the driver is not a difficult task, but remember
that the PCL-812 driver requires at least 5K bytes memory
size which should not be used by any other programs simul-

taneously.

14
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INTRODUCTION

Correct signal connection is one of the most important steps to
assure your application system will send and receive data

correctly. Since most data acquisition applications involve
voltage, correct signal connection will avoid costly damage to
your personal computer and hardware devices. This chapter

provides some useful information on signal connection in dif-
ferent types of data acquisition applications.

3-1 Analog Input Connection

The PCL-812 supports a 16 single-ended analog input configura-
tion. The single-ended configuration has only one signal wire
for each channel. The voltage to be measured is the voltage of
this wire referzéd to the common ground. A signal source without
a local ground is also called a "floating source”. It is fairly
simple to connect a single ended channel to a floating signal
source. A standard wiring diagram is illustrated below :

Signal Inpusz

D= Y/ -
3 T
; |
< 4y
A.GNO A . GND

3-2 Expanding 3Analog Inputs

You may expans any or all of the PCL-812 A/D input channels
through sub-mulitiplexers. The PCLD-789 Amplifier and Multiplexer
daughter board in the PC-LabCard series is specifically designed
for multiplexi=g applicactions. Each PCLD-789 can multiplex 16
differential Inputs to one A/D input channel. Up to eight
PCLD-789 can be cascaded to one PCL~812 providing a total of 128
channels. Commlete operation information of using the PCL-812
with the PCLD—-789 is covered in the PCLD-789 users manual. For
PCLD-789 precduct information, please contact your local
PC-LabCard saies represectative.

»
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3-3 Analog Output Connection

PCL-812 provides two D/A output channels. You may use the
PCL-812's internally generated precision -5V reference to
generate 0 to +5V D/A output range. You may create other D/A
output ranges through external references. The maximum reference
input range is +/- 10V and maximum output scaling is +/- 10V.
The PCL-812 Connector % 2 is used for D/A signals. Some impor-
tant areas in D/A signal connections are input reference, D/A
outputs and analog ground. The PCL-812 D/A's should be connected
as illustrated below:

F—i?o(? :_IL Cl/A converszer 4 J—_—@

i Q|

e D A

JP: H D/A convercer 2 I___@
©

________ L Fram HI-574 constant rererence volzage

Legend (Connector 2 pin number}):

13 = D/A 1 D/A outputs
15 = D/A 2 D/A outputs

14 = Analog ground
16 = Analog ground
17 = V.REFl
19 = V.REF2

16
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3-4 Digital Signal Connection

The PCL-812 has 16 digital input and 16 digital output channels.
The digital I/O levels are TTL compatible. To transmit or
receive digital signal to/from other TTL devices, the connection

is:

TTL Cevices

; [a]a] !
' }E

!

L/
1
| or 1

e r 1

— ; —o —

! D.GND 0.6ND :

= 1 - ! —_—

= . 1 s

To receive an OPEN/SHORT signal from a switch or relay, a pull up
resistor must be added to ensure the high level when cpen.

\

.lﬁ__
-|||—~»——o\o——-

0.G6ND

17
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INTRODUCTION

The PCL-812 requires 16 consecutive addresses in I/0 space. The
most important issue in programming the PCL-812 is understanding
the meaning of the 16 registers addressable from the selected I/0
port base address. A summary map of the functions of each
address and the data format of each register are given in the
following sections.

4-1 I/0 Port Address Map

The following table shows the logation of each register and
driver relative to the base address, and its usage.

Location Read Write
Base + 0 Counter 0 Counter 0
+ 1 Counter 1 Counter 1
+ 2 Counter 2 Counter 2
+ 3 N/U Counter control
+ 4 A/D low byte CHEl D/A low byte
+ 5 A/D high byte CEl D/A high byte
+ 6 D/I low byte CE2 D/A low byte
+ 7 D/I high byte CH2 D/A high byte
+ 8 N/T Clear interrupt request
+ 9 N/U N/U
+10 N/U MUX scan channel
+11 N/U PCL-812 Control
+12 N/U Software A/D trigger
+13 N/U D/O low byte
+14 N/U D/C high byte
+1€ N/U

* N/U = Not Used

4~2 A/D Data Registers
The A/D data registers use address BASE +4 and +5.
Data Format :
1. A/D Low byte and Channel number.
BASE +4 D7 Dé DS D4 D3 D2 D1 DO
AD7 AD6 AD5 AD4 ADY¥ AD2 ADl ADO

18
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2. A/D High byte.
BASE +5 D7 D6 DS D4 D3 D2 D1 DO
0 0 0 DRDY AD11 ADLO AD9 ADS
LEGEND
AD1l to ADO - Analog to digital data. ADO is the least sig-
nificant byte (LSB) and ADl1l is the most sig-
nificant byte (MSB) of the A/D data.

DRDY - Data ready signal.

4-3 Mux Scan Register

The MUX scan register is a write only register using address BASE
+10. The low nybble provides the scan channel number. The MUX
multiplexer switches to the new channel when writing to this
register.

Data Format

BASE +10 D7 D6 D5 D4 D3 D2 D1 DO
Scan channel X X b4 X CL3 CL2 CL1 CLO
Legend :
CL3 to CLO0 - Scan channel number.

4-4 Digital I/0 Registers

The PCL-812 offers 16 digital input channels and 16 digital
output channels. These I/O channels use the input address BASE
"+6 and BASE +7. The output ports are at BASE +13 and BASE +14.
The data format of each port is as follows:

Data Format :

-

BASE +6 D7 D6 D5 D4 D3 D2 Dl DO
(read port)

D/I low byte DI7 DI6 DIS DI4 DI3 DI2 DIl DIO
BASE +13 D7 D6 D5 D4 D3 D2 D1 Do
(write port)

D/O low byte DO7 DO6 DO5 DO4 DO3 D02 DOl Doo

19



BASE +7 D7 D6 DS
(read port)

D/I high DI1S DI14 DI13
byte

BASE +14 D7 D6 DS
(write port)

D/0 high pol5 DOl4 DO13
Byte

4-5 D/A Output Registers

The D/A output registers are write
+4, +5, +6 and +7.

Data Format

BASE +4 D7 D6 DS D4
D/A #1 low DA7 DA6 DAS DA4
byte .
BASE +5 D7 D6 D5 D¢
D/A #1 high X X X X
byte
BASE +6 D7 D6 D5 D4
D/A #2 low DA7 DAG DAS DA4
byte
BASE +7 D7 D6 D5 D4
D/A $2 high X X X X
byte

LEGEND :

DAll to DAC - Digital to analog data.

nificanz byte (LSB) and

D4

DI12

D4

DO12

D3 D2
DI1l DILO
D3 D2

DO1l DO10

Dl

DI9

Pl

DO9

DO

DIS8

DO

[ale}:

registers using address BASE

D3 D2
DA3 DA2
D3 D2
DAll DAlO
D3 D2
DA3 DA2
D3 D2
DAll DAlO

D1l

DAl

D1

DAS

Dl

DAl

Dl

DAS

DO

DAO

Do

DAS8

DO

DAQ

DO

DASB

DAO is the least sig-

DAll is the most

nificant byte (MSB) of the D/A data.

4-6 PCL-812 Control Register

The PCL-812 control =egister is

sig-

a write-only register using

address BASE +ll. wnis register provides information on the

operating modes of the 2CL-812.

20
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BASE +7 D7 D6 D5 D4 D3 D2 D1 DO
{read port)

D/I high pIls ©DIl4 DI13 DIl2 DILl DI1O DIY DI8
byte

BASE +14 D7 D6 D5 D4 D3 D2 D1 DO
(write port)

D/0 high pol5 DOl4 DO13 DOl2 DOll DO1O0 DOI Do8
Byte

4~5 D/A Output Registers -

The D/A output registers are write registers using address BASE
+4, +5, +6 and +7.

Data Format

BASE +4 D7 D6 D5 D4 D3 D2 D1 DO
D/A #1 low DA7 DAG DAS5 DA4 DA3 DA2 DAl DAO
byte
BASE +53 D7 D6 D5 D4 D3 D2 Dl DO
D/A #1 high X X X X DAl1l DAlQ DA9 DAS
byte
BASE +6 D7 D6 D5 D4 D3 D2 Dl DO
D/A #2 low DA7 DA6 DAS DA4 DA3 DA2 DAl DaO0
byte
BASE +7 D7 D6 D5 D4 D3 D2 Dl DO
D/A %2 high X X X X DAll DAlO DAS DAS
byte

LEGEND :

DALl to DAO - Digital to analog data. DAO is the least sig-

nificanz byte (LSB) and DAll is the most sig-
nificant byte (MSB) of the D/A data.

4-6 PCL-812 Control Register
The PCL-812 control —egister is a write-only register using

address BASE +l1l. mhis register provides information on the
operating modes of the 2CL-812.

20



Data Format :

BASE +11 D7 D6 D5 D4 D3 D2 D1 Do
PCL-812 CNTL X X X X X s2 Sl SO
status
A. Under internal trigger conditiom
s2 siL SO N
0 0 0 Disable Software & Pacer trigger.
0 0 1 - Enable Software trigger only
0 1 0 Enable Pacer trigger using DMA transfer only
1 1 0 Enable Pacer trigger using program transfer
or interrupt transfer. If using pacer trigger
and program transfer, the jumper JP4 must be
set to the "X" position, as below:
IRQ 2 3456 7 X
JP4 o0 o 00 0 OO
00000 0o
B. Under external trigger source cpndition
§2 sl soO
0 c X Enable Extermal trigger only.
0 1 0 Enable External trigger using DMA transfer
Data only
1 1 %Y Enable program data transfer and interrupt
transfer using external trigger source.
* lote Set up trigger jumper JPl on EXT before use each

trigger mode, as belcw :

JPl
INT [o}
TRG )
EXT gg

4-7

The four registers located at address BASE O,

Programmable Interval Timer-Counter Registers

1, 2, and 3 are

used for the Intel 8253 programmable timer/counter. Please refer
to Chapter 8 or the 8253 produc=z literature for detailed applica-

tica information.
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INTRODUCTION

This chapter provides a complete explanation of how to use the
PCL~812 A/D conversion functions. It covers A/D data format,
input range selection, status register, MUX scan setting, trigger

.modes. and data .transfer in _the first five sections. The last

section gives step by step implémentation guidelines with sample
programs on different A/D operations.
5-1 A/D Data Format and Status register
When the ©2CL-812 performs 12 bit A/D conversions, an 8 bit
register is not big emough to accommodate all 12 bits of data.
Therefore A/D data are stored in two registers located at address
BASE +4 and +5. The A/D low byte data are in the positions DO
(ADO) through D7 (AD7) of BASE +4 and high byte data are in the
positions DO (AD8) through 3(ADI11) of BASE +5. The least
significant data is ADO and the most significant data is AD1l.
The A/D channel number from which the conversion data was derived
is availablie at BASE +10 position DO (CO) to D3 (C3).
The data fcrmats of the A/D data registers are
A/D Low byte and Channel number.

BASE +4 D7 D6 DS D4 D3 D2 Dl Do

AD7 AD6 ADS AD4 AD3 AD2 AD1 ADO

A/D High bvte.

BASE +53 D7 D6 D5 D4 D3 D2 D1 DO

0 0 0 DRDY AD1l AD1lO0 AD9 AD8

5-2 MUX Setting
Data Formac
BASE +10 D7 D6 D5 D4 D3 D2 D1 DO

X X X X CL3 CL2 CLl1 CLO
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5-3 Trigger Mode

The PCL-812 A/D conversions can be triggered in any one of three
ways - software trigger, on-board programmable pacer or external
pulse trigger.

1.

.

The software trigger is controlled by the _application
program issued software command. This trigger mode normally
is not used in high speed A/D applications due to the
limitations of the applications program- execution time.

The PCL-812 uses the INTEL 8253 programmable interval
timer/counter. Counters 1 and 2 of the INTEL 8253 are
configqured to be a pacer to offer A/D converter trigger
pulses with precise periods in the pacer trigger mode. The
pacer output of the PCL-812 is between 0.5 MHz and 35
minutes per pulse. Chapter 8. covers the details of using
the INTEL 8253 timer/counter. The pacer trigger mode is
ideal for interrupt and DMA data transfer which normally
used in A/D applications requiring a higher conversion
speed.

The PCL-812 direct external trigger pulses are controlled
through EXT.TRG (Connector § pin £1). This type of trigger
mode is mostly wused in A/D applications requiring A/D
conversions not periodically but conditionally e.g. ther-
mocouple temperature control.

5-4 A/D Data Transfer

There are three possible ways to perform the PCL-812 A/D data
transfer - by program control, interrupt routine or DMA.

1.

The program coantrol data transfer uses the polling concept.
After the A/D converter has been triggered, the application
program checks the End of Conversion (EOC) bit of the a/D
status register. If the EOC is detected, the converted data
is moved from the A/D data register to computer memory by
application program control.

In interrupt routine transfer, data is transferred from the
A/D data registers to a previously defined memory segment by
the interrupt routine handler. At the end of each conver-
sion, the EOC signal generates an interrupt which enables
the interrupt handler routine to perform the transfer. The
interrupt control bit and interrupt level selection in the
PCL-812 control register (BASE +11) must be specified before
the use of interrupt routirne. A write action to the A/D
status register address (BASE +8) resets the PCL-812
interrupt request and re-enables the PCL-812 interrupt.

N
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3. Direct memory access (DMA) transfer moves the A/D data from
the PCL-812 hardware device to the PC system memory without
operation of the system CPU. DMA is very useful in high
speed data transfer, but it is complicated to operate. The
DMA level selection jumper, JPS5 and JP6, and the DMA enable
bit in the PCL-812 control register as well as the 8237 DMA
controller registers must be set up before performing DMA
operations. It is recommended that users use the PCL-812
driver FUNCTION6 to perform DMA operation. For more
information regarding the 8237 DMA controller and the
PCL-812 DMA operations, please read Chapter 10.

5-5 How to Execute an A/D Conversion

You may execute A/D operations with a program writing all I/0
port instructions directly, or by a program utilizing the PCL-812
driver routines. It is suggested that you use the driver
routines in your program. This will make your programming job
easier and enhance the program performance. In the last section
of this chapter, step by step implementation procedures for
different A/D operations are introduced.

1. To perform pacer trigger and program control data transfer
without the PCL-812 driver.

Step 1 : Set the input channel by specifying the Mux scan
range.

o

Step 2 Write the pacer trigger mode to the control

register.

Step 3 : Wait for the EOC by reading the A/D high byte
register (BASE +5) EOC bit.

Step 4 : Read data from A/D converter by reading the A/D
data registers (BASE +5 and +4). Must first read
high byte.

Step 5

.

Data conversion by converting the binary A/D data
to an integer.

The demonstration program (DEMO01.BAS) on the software
diskette perZorms this operation.

2. To perform software trigger and program control data
transfer with PCL-812 driver routines.

Step 1 : Load the 812BAS driver program to a memory
secment.

Step 2 : Use FUNCTION 0 <o initialize driver.
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Step 3 : Use FUNCTION 1 to set input channel range.
Step 4 : Use FUNCTION 3 to perform single A/D conversion.

The demonstration brogram (DEMO02.BAS) on the software
diskette performs this operation.

To perform pacer trigger and direct to array data transfer
with PCL-812 driver.

Step 1L : Load the 812BaS driver program to a memory
segment.

Step 2 : Use FUNCTION 0 to init;alize driver.

Step 3 : Use FUNCTION 1l to set input channel range.

Step 4 : Use FUNCTION 17 to set pacer trigger rate.

Step 5 : Use FUNCTION 4 to perform N A/D conversions and
transfer data to array.

The demonstration program (DEMO03.BAS) in the software
diskette performs tiais operation.

To perform pacer trigger and interrupt data transfer with
PCL-812 driver.

Step 1 : Load the B812BAS driver program to a memory

segment.

Step 2 : Use FUNCTICN 0 to initialize driver.

Step 3 : Use FUNCTICN 1 to set input channel range.

Step 4 : Use FUNCTICN 17 to set pacer trigger rate.

Step 5 : Use FUNCTZON 5 to perform N A/D conversions and
save to memory with interrupt transfer in back-
ground operation.

Step 6 : Use FUNCTICN 8 to check interrupt operation status
in foregrcund operation.

Step 7 : Use FUNCTICN 9 to transfer data from memory to
array.

Step 8 : Display A/T data from array.

Step 9 : Use FUNCTIZN 7 to disable the interrupt activity.

25
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The demonstration program (DEMOO4.BAS) in the software
diskette performs this operation.

To perform pacer trigger and DMA data transfer with PCL-812
driver.

Step 1

Load tke 812BAS driver program to a memory
segment.

Step 2 : Use FUNCTION 0 to initialize -driver.

Step 3 : Use FUNCTION 1 to set input channel range.

Step 4 : Use FUNCTION 17 to set pacer trigger rate.

Step 5 : Use FUNCTION 6 to perform N A/D conversions and
save to memory with DMA transfer in background
operaticna.

Step 5 : Use FUNCTION 8 to check DMA operation status in
foreground operation.

Step 7 : Use FUNCTION 9 to transfer data from memory to

array.
Step 3 : Display A/D data from array.
Step 3 : Use FUNCTION 7 to disable the DMA activity.

The demonstratior program (DEMOOS5.BAS) on the software
diskette performs this operation.
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CHAPTER 6  D/A CONVERSION

6~1 General Information

The PCL-812 provides 2 D/A channels which use 2 double buffered
12 bit multiplying D/A converters.. The D/A registers. are- write
registers using address 3ASE +4, +5, +6 and +7. DAO is the least
significant byte (LSB) and DAll is the most significant byte
(MSB) of the D/A data. A summary of each register’s data format
is given below:

BASE +4 D7 D6 D5 D4 D3 D2 D1 DO
D/A #1 low DA7 DA6 DAS DA4 DA3 DA2 DAl DAOQ
byte .
BASE +5 D7 D6 D5 D4 D3 D2 D1 DO
D/A #1 righ X z X X DALl DA1O DAY  DAS
byte

BASE +5 D7 Cb D5 D4 D3 D2 D1 DO
D/A %2 low DA7 DA6 DAS DA4 DA3 DA2 DAL DAO
byte

BASE +7 D7 D6 DS D4 D3 D2 D1 DO
D/A %2 =2igh X x X X DALl DAl10O DA9 DAS
byte

When writing to the D/A channels, please note that the least
significant byte should be written first. It is then temporarily
held by a register in the D/A and not released to the output.
After the most significant byte is written, the low byte and high
byte are added and passed to the D/A converter. This double
buffering process protects the D/A data integrity through a
single step =pdate.

The PCL-812 provides an internal precision fixed -5V reference.
If this vol:tage is used as D/A input reference, the D/A output
range will e 0 to +5V. You may select other external DC or AC
sources as the D/A reference inputs. The maximum reference
voltage is -/+ 10V and tke maximum D/A output range is +/- 1-V.

Connector 2 supports a2_1 D/A signal connections. The pin
assignment cZ Connector Z is described in Chapter 2, Section 2-3.
Section 3-3 =overs D/A s:gnal connection, and gives an illustra-~
tion of a wizing diagram.

-1

N



=

128

6-~2 D/A Applications

A variety of D/A operations can be supported by your PCL-812 For
example the PCL-812 can function as a digital attenuator by
inputing variablé AC or DC references, or can be used to generate
arbitrary waveform outputs. As with the PCL-812 A/D programming,
the D/A functions can be performed in two ways - by using the
PCL-812 driver functions in .the application ‘program, or writing
I/0 instructions to the registers directly. There are two PCL-812
driver functions performing D/A related operations.

FUNCTICN 15 - ‘'Performs output on single D/A channel.

FUNCTION 16 - Performs output on both D/A channels.

A commonly used D/A application is clearly illustrated in the a
demonstration program on your diskette. The demonstration
brogram, DEMOO8.BAS, on the PCL-812 software diskette provides a
complete explanation of how to use FUNCTION 15 and FUNCTION 16.
It sends D/A outputs to either a single D/A channel or both D/A
channels.

%]
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CHAPTER 7 DIGITAL INPUT AND OUTPUT

The PCL~812 provides 16 digital input channels and 16 digital
output channels. These I/0 channels use the input at address
BASE +6 and BASE +7 and output registers at BASE +13 and BASE
+14. A summary of each register’s data format is listed below.

BASE +6 D7 D6 D5 D4 D3 D2 D1 Do
(read. port)
D/I low byte DI7  DI6 DIS DI4 DI3 DI2 DI1 DIO

BASE +13 D7 D6 DS D4 D3 D2 D1 DO
(write port)
D/0 low byte DO7 DO6 DO5 D04 DO3 D02 DOl DOO

BASE +7 D7 D6 D3 D4 D3 D2 D1 DO
(read port)
D/I high DI15 DIl4 DI13 DIl2 DI1ll DI10 DI9 DI8
byte
BASE +14 D7 D6 b5 D4 D3 D2 D1 Do
(write port)
D/0 high DO15 DOl4 DO13 DOl2 DOll DOLO DO9 DO8
byte
It is fairly straight forward to use your PCL-812 digital input
and output functions. Attention should be paid to the pin
assignments of Connector 3 (digital output) and Connector 4
(digital input). Section 3-4 offers some suggestions about

digital signal connections.

There are two PCL-812 driver functions performing digital input
or output operations :

FUNCTION 21 - Write digital output to channel DOQG through
bol15.
FUNCTION 22 - Read digital input from” channel DIO through

DI1S.
JThe demonstration program, DEMOll1.BAS, on the PCL-812 software

diskette provides a good example of using the driver FUNCTION 21
and 22 to perform digital input and output functions.

29
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8-1 The Intel 8253

The PCL-812 uses the INTEL 8253 programmable interval timer/coun-
ter version 5. The 8253 is a very popular timer/counter device
consisting of three independent 16 bit down counters. Each
counter has a cleck input, control gate and an output. It can be
programmed to have a count from 2 up to 65535.

The maximum clock input frequency is 5 MHz for version 5 of the
8253. The PCL-812 provides a 2 -MHz input frequency through an
on-board crystal oscillator.

Counters 1 and 2 are cascaded and operated in fixed divider
configuration. The counter 2 input is connected to the 2 MHZ
frequency and the output of counter 2 is connected to the input
of counter 1. The output of Counter 1 is internally configured
to provide a trigger pulse to the A/D converter. Counter 0 is
not reserved by the PCL-812 for any internal use, and you may
access counter 0 through Connector 5. Please refer to Section
2-3 for details of the connector 5 pin assignment.

8-2 Counter Read/Write and Control Registers

The 8253 programmable interval timer uses four registers at
address BASE +0, 1, 2 and 3. The function of each register is:

BASE +0 Counter 0 Read/Write
BASE +1 Counter 1 Read/Write
BASE +2 Counter 2 Read/Write
SASE +3 Counter Control Word

Since the 8253 counter uses a 16 bit'structure, each read/write
data is split into the least significant byte and the most
significant byte. It is important to ensure your read/write
operations are in pairs and keep track of the byte order,
The data format of the control register is

BASE +3 D7 D6 D5 D4 p3 D2 D1 a]4]

5Cl sCO RW1 RWO M2 M1 MO BUD

30
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Legend

SCl & SCO - Select Counter.
sC1l SCO Counter
0 0 0
0 1 1
1 0] 2
1 1 Illegal

RW1 & RWO - Select the Read/Write operation.

RW1 RWO Operation

0 0 Counter latch

0 1 Read/Write LSB

1 0 Read/Write MSB

1 1 Read/Write LSB first, then MSB.

M2, M1 and MO - Select the Operation Mode.

M2 M1 MO Mode

0 0 0 0 - Interrupt on terminal count

0 0 1 1l - Programmable one shot

X 1 0 2 - Rate generator

X 1 1 3 - Square wave rate generator

1 0 0 4 - Software triggered strobe

1 0 1 5 - Hardware triggered strobe
BUD - Select Binary or BUD Counting.

BUD Type '

0 Binary Counter 16-bits

1 Binary Coded Decimal (BUD) Counter (4 Decades)

If the modules is set to be binary, the count can be any number
from 0 up to 65533. If the modules is set to be BUD (binary
coded decimal), the count can be set as any number from 0 to
9999.

8-3 Counter Operating Modes

8~-3-1 Mode 0 - Interrupt on Terminal Count

The output will i=<tially be low after setting this mode opera-
tion. After the csunt is loacded into the selected count regist-
er, the output will remain izw and the counter will start to
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count. When the terminal count is reached, the output will go
high and remain high until the selected counter is reloaded with
the mode, or a new count is loaded. The counter continues to
decrement after the terminal count has been reached. Rewriting a
counter register during counting generates the following results:

1. Write the first byte stops the current counting.

2. Write the second byte starts the new count.

8~3-2 Mode 1 ~ Programmable One-Shot

The output will go low on the count following the rising edge of
the gate input. The output will go high on the terminal count.
If a new count value is loaded while the output is low, it will
not affect the duration of the one-shot pulse until the succeed-
ing trigger. The current count can be read at any time without
affecting the one-shot pulse. The one-shot is retriggerable,
thus the output will remain low for the full count after any
rising edge of the gate input.

8-3-3 Mode 2 -~ Rate Generator {Divide by N Counter)

The output will be low for one period of the input clock. The
period from one output pulse to the next is equal to the number
of input counts in the counter register. If the counter register
is reloaded between output pulses, the present period will not be
affected, but the subsequent period will reflect the value.

The gate input, when low, will force the output high. When the
gate input goes high, the counter will start from the initial
count.  Therefore the gate input can be used to synchronize the
counter.

When this mode is set, the output will remain high until the

count register is loaded and the output can also be synchronized
by software.

8-3-4 Mode 3 - Square Wave Rate Generator

Similar to Mode 2, except that tkte output will remain high until
one half the count has been complieted (for even numbers) and go
low for the other half of the count. This is accomplished by
decrementing the counter by two on the falling edge of each clock
pulse. When the counter reaches the terminal count, the state of
the output is changed and the counter is reloaded with the full
count and the whole process is repeated.

If the count is odd and the outpuz is high, the first clock pulse
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(after the count 1is lcaded ) decrements the count by one.
Subsequent clock pulses decrement the count by two. After
timeout, the output goes low and the full count is reloaded. The
first clock pulse (following the reload) decrements the counter
by three. Subsequent clock pulses decrement the count by two
until timeout. Then the whole process is repeated. 1In this way,
if the count is odd, the output will be high for (N+1)/2 counts
and low for (N-1)/2 counts.

8-3-5 Mode 4 - Software Triggexed Strobe

After the mode is set, the output will be high. When the count
is loaded, the counter will begin counting. Onr terminal count,
the output will go low for one input clock period, then will go
high again.

If the count register is reloaded during counting, the new count
will be loaded on the next CLR pulse. The count will be in-
hibited while the GATE input is low.

8-3-6 Mode 5 -~ Hardware Triggered Strobe

The counter will start counting after the rising edge of the
trigger input and will go low for one clock period when the
terminal count is reached. The counter is retriggerable.

8-4 Counter Operations

8-4-1 Read/Write Operations

For each counter, the type of read/write operation, operating
mode and counter type all must be properly specified in the
control byte and the control byte must be written before the
initial count is written.

Since :he control byte register and all three counter read/write
registers have separate addresses and each control byte specifies
the counter it applies to (by SCl & SC3), no instructions on the
operating segquence are required. Any programming segquence
following the 8253 conventions is acceptable.

There are three types of counter operation - read/locad LCB,
read/locad MSB and read/locad LSB followed by MSB. It is important
to ensure your read/write operations are in pairs and keep track
of the byte order.
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8-4-2 Counter Latch Operation

It is often desirable to read the value of a counter without
disturbing the count in progress. Usually the method used is the
counter latch command method which allows the user to read the
latched count value of the selected counter.

The 8253 supports counter latch operations in two ways. The
first way is set the RWlL & RWO to be (0,0) which latches the
count of the selected counter in a 16 bit hold register. This
method has the advantage of operating several counters at the
same time. A subsequent rad operation on the selected counter
will retrieve the held value.

The second approach is to perform the latch operation by setting
the MODE Register.

MODE Register for Latching Count.

AQ,Al = 11
D7 D6 DS D4 D3 D2 D1 DO
SC1 SCo 0 0 X X X X

SC1,SC0 - specify counter to be latched.
DS, D4 ~ 00 designates counter latching operation.
X - don’t care

The same- limitation applies to this mode of reading the counter
as the previous method. That is, it is mandatory to complete the
entire read operation as programmed. This command has no effect
on the counter’s mode.

8-5 Counter Applications

The 8253 programmable interval timer/counter on your PCL-812
interface card is a very useful device. .In this section, two of
the most popular usages of the 8253 timer/counter are introduced.

1. IZ you are using the A/D function of the PCL-812, the 8253
can be programmed to serve as a pacer to generate A/D
rigger pulse. The demonstration program, DEMO12.BAS.on the
PCL-812 software diskette provides an example of using the
driver FUNCTION 17 to generate an A/D trigger pulse.

2. Ccunter 0 of the 8253 is not committed to any internal use.
Users may configure Counter 0 to perform any 8253 supported
fonctions e.g.to act as a square wave generator. The
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demonstration program, DEMOl3.BAS, on the PCL-812 software
diskette provides an example of using Counter 0 to count
external events or generate a square wave. ’
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CHAPTER 9  PROGRAMMING

9-1 Introduction to The PCL-812 Programming

There are two ways to accomplish the PCL-812 functions in an
application program. The first method is using the PCL-812
driver routines in the application program and let the driver
handle the XI/0 port interfaces. Another method is to write the
I/0 port instructions in the applicaticn program direétly. Both
programming methods are discussed in detail in the following
sections.

9-1-1 Programming without The PCL-812 Driver Routines

This programming method reguires a good understanding of basic
register structure, data format, and the PCL-812 hardware. You
also need more knowledge of the PC interrupt handler routine and
DMA controller. It requires more effort to handle the I/O
address directly, but you have flexibility in dealing with very
special application requirements. If you use this programming
method, you can use assembly language and some other high level
languages e.g. BASIC or C, which support I/0 input and output
instructions.

The demonstration program, DEMOOl.BAS, on the PCL-812 software
diskette provides an example of writing the I/0 port instructions
directly. This program performs software trigger A/D and program
control data transfer.

9-1-2 Programming with The PCL—812 Driver Routines

Your PCL-812 comes with assembly language written driver rou-
tines. The functions covered by these driver routines include
applications goverming A/D, D/A, Digital I/0 and Programmable
Interval Timer. They also covers different type of A/D applica-

tions i.e. A/D witk interrupt transfer, DMA transfer.

The PCL-812 driver routines are designed to work with BASIC
language programming. You can access the driver functions
through the BASIC CALL statement. Below, we will explain how to
use the CALL statement in the PCL-812 application programming.
CALL statement format :

CALL PCL812 (FUNC%, DAT%(0), ERRS)

Legend :
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PCL812 : A variable specifying the memory offset of the starting

address of the PCL812 driver routine from the most
recently defined current segment. It is recommended to
load the PCL812 driver routines from the beginning of a
memory segment and set PCL812 = 0. We use PCL812 as the
variable name for easy recognition.

FUNC$ ¢ A variable indicating the driver Ffunction to be

executed.

DAT$(0) : A variable specifying the starting location of the

entire data array.

ERR% : A variable containing the return message code.

Application note :

1. The naming of the variables is not critical and you may
change the names. However, the parameter position is very
important, you must follow the specified sequence.

2. All parameters must be integer variables. You may use array
variables for the DAT%(X) variables, but make sure you have
dimensioned the array variables before calling them.

3. No parameters can be represented by a constant directly; it
must be previously defined before the CALL statement. No
arithmetic functions are permitted within the CALL state-
ment.

4. Some functions, such as FUNCTION 4 and 9, reguire the
dimension of a receiving array to store the A/D converted
data. Please note that after assigning the pointer to the
receiving array, no other new simple variables are intro-
duced before the CALL statement. The following two examples
indicate the correct and incorrect handling of a receiving
array.

Correct : -

500 DIM ARY$(599) 'CREATE 600’S ARRAY LOCATIONS
510 DAT%(0)=600 ‘NUMBER OF CONVERSIONS

520 DAT$(1)=VARPTR(ARY%(0}) 'GET ARRAY START ADDRESS

530 DAT®$(2)=1 'TRIGGER SOURCE FROM PACER
540 FUNC%=4

550 CALL PCL812(FUNC%, DAT%$(0), ERR%)

Incorrect’ :

500 DIM ARY$(599) 'CREATE 600’S ARRAY LOCATIONS
510 DAT%$(0)=600 ‘NUMBER OF CONVERSIONS
520 DATS(1l)=VARPTR(ARY$(0)) 'GET ARRAY START ADDRESS

37



530 DAT%(2)=1
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138

‘TRIGGER SOURCE FROM PACER

545 NEW-VARIABLE = XXX ' INTRODUCE NEW VARIABLE
550 CALL PCL812(FUNC%, DAT%(0), ERR$)

9-2 PCL-812 Driver Routines

There are twenty-two PCL-8l12 driver functions. Each function
covers an important area of the use of the PCL-812. The follow-
ing is a list of all functions.

Furction
FUNCTION 0

FUNCTION 1

FUNCTION 2

FUNCTION 3

FUNCTION 4

FUNCTION 5

FUNCTION 6

FUNCTION 7

FUACTION 8

Description

Initialize the PCL-812 driver routines by
specifying the base address, interrupt and
DMA levels.

Set the multiplexer scan range.
Reserved.

Perform a software triggered single A/D
conversion.

Perform programmable interval timer or
external trigger ©pulse initiated N A/D
conversions.

Perform programmable interval timer or
external trigger ©pulse initiated N A/D
conversions and save the collected data to
Temory with interrupt transfer.

Perform programmable interval timer or
external trigger pulse initiated N A/D
conversions and save the collected data to
xemory with DMA transfer.

Terminates FUNCTION 5, 6 initiated interrupt
or DMA operations.

Provide status information on FUNCTION 5, 6
initiated interrupt or DMA operations.

38



P

FUNCTION

FUNCTION
FUNCTION
FUNCTION
FUNCTION
FUNCTION
FUNCTION
FUNCTION

FUNCTION

FUNCTION
FUNCTION
FUNCTION
FONCTION

FUNCTION

9

10
11
12
13
14
15
16
17

18
19
20
21

22

139

Convert FUNCTION 5 or 6 retrieved data from
memory segment to array variable.

Set up the Counter 0 operation mode.
Write Counter 0 data.

Read Counter 0 data.

Reserved.

Reserved.

Write data to one of the two D/A channels.
Write data to both D/A channels.

Set A/D pacer trigger rate by specifying
Counter 1 and Counter 2 division ratio.

Reserved.
Reserved.
Reserved.

Write data to digital output channels DOO
through DO1S.

Read the state of digital input channels DIO
through DIlS.

9-2-1 FUNCTION 0 — Initialization

Purpose :

This function initializes the PCIL-812 base address, interrupt
level and DMA level according to the parameters specified by the
user. It also initializes thé following functioms :

1. Disables all external triggers, interrupt and DMA functions.

2. Resets the PCL-812 control and timer counter enable regis-

ters.

This function must be performed before any other functions and
only ome initialization is necessary in each operation session.

Parameter :
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FUNC%

DATS(0)

DATS (1)
DAT%(2)
ERR%

Message List
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Function. The value is 0,

Entry : I/0 port address. The default value is
Hex 220.

Entry : Interrupt level. Valid values are 2 to 7

Entry : DMA level. Valid values are 1 or 3.

Return message.

ERR% = 0 Good return. -
= 2 Invalid function number.
= 3 Invalid I/0 port.
= 4 Invalid interrupt level.
= 5 Invalid DMA level.
Example :
100 PORT$=&H220 ‘GIVEN I/0 PORT START ADDRESS
110 DATS%(0)=PORTS ‘GET I/0 PORT START ADDRESS
120 DATS(1l)= 3 ‘USE IRQ 3
130 DAT%(2)= 1 'USE DRQ 1
140 PCL812 = 0 ‘DRIVER OFFSRET
150 ERRS% = 0 ‘INITIAL ERROR VALUE

160 FUNCE = 0
170 CALL PCL812(FUNC%, DAT$(0), ERR%)
180 IF ERR%<>0 THEN PRINT "INSTALLATION FAILED | ":STOP

9-2-2 FUNCTION 1 - Set MUX Scan Range

Purpose :

This function sets the multiplexer scan range. If the current
scan range doesn’t meet the next A/D conversion range require-
ments, this function must be performed prior to calling any A/D
conversion functions i.e. FUNCTION 3,4,5,6.

Parameter’ :
FUNCS

DATS(0)
DAT%(1)

ZRR%

Function. The value is 1.

Entry : Start scan chanmnel. Valid values are 0

to 15.

Entry : Stop scan channel. Valid values are 0
to 15.

Return Message. 6-2--89
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Message List :

ERR%

Remark :

BExample :

200
210
220
230
240

9-2-3 FUN

Purpose :

= 0 Good return.

= No driver initialization.
Invalid function number.
Out of channel range.

Ry

In the single-ended confiquration mode, the start scan
channel number can be greater than the end of scan
channel number. If your application requires con-
tinuous conversions on a single channel, just set the
start scan and stop scan channel number to be identi-
cal.

DATS(0)=3 "START SCAN CHANNEL
DATS(1}=5 ’STOP SCAN CHANNEL
FUNC%=1

CALI, PCL812(FUNCS%,DAT%(0),ERRS)
IF ERR¥<>0 THEN PRINT "SET SCAN CHANNEL FAILED |":STOP

CTION 3 - Perform Single A/D Conversion

This function performs a software triggered single A/D conver-

sion.

Parameter

FONC%

DATS

DATS(

DATS (

ERR%

Message List

ERR$S

- Function. The value is 3.
0) - Entry : Not significant.
Return : Converted A/D data ( - 2048 to + 2047
for bipolar).
1) - Entry : Not significant.
Return : Channel number of data derived from.
2) - Entry : Not significant.

Return : Next channel number.

- Return Message.

= 0 Good return.
= 1 No driver initialization.
= 2 Invalid function number.
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= 9 A/D converter hardware error (no EOC).

.

Example :

400 FUNCS = 3

410 CALL PCL812(FUNC%, DAT%(0),ERR%)

420 IF ERR$<>0 THEN PRINT "SOFTWARE TRIGGER FAILED ! ":STOP

430 PRINT USING"SCAN CHANNEL=#}
READING=#$##";DATS (1) ,DAT%(0)

440 AS=INKEYS:IF AS="" GOTO 400 ‘RE-TRIG

9-2-4 FUNCTION 4 - Perxform N A/D Conversions and Save to Array
Variable
Purpose :

This function performs programmable interval timer or external
trigger pulse initiated N A/D conversions. The A/D conversion
and data saving are performed as a foreground operation which
means the CPU is fully occupied until the completion of all A/D
Ggonversions.

If you want to perform the A/D conversion as a background
operation, please use FUNCTION 5 or 6 which allow you to collect
and process data simultaneocusly. It is recommended to use this
function for medium speed (less than 2.5 KHz) applications.

Since FUNCTION 4 performs the A/D operations in the foreground,
if the computer is hung up due to erroneous operation or incor-
rect parameter settings, like insufficient number of trigger
pulses to cover the required number of conversions, you may hit
any key on the keyboard to terminate the operation.

If an extermal trigger is.used, triggered pulses are connected to
EX.TRG. Positive edges start A/D conversions.

Parameter :
FUNC$ - PFunction. The value is 4.

DAT%(0) - Entry : Number of conversions required. Valid
. values are 1 through N (array dimension

must > or = N-1).

DAT$(l) - Entry : Array pointer at which the converted
data‘ can be anywhere in an array, but
make sure the available array size can
cover the number of conversions speci-
fied. The format is DATS$(l) = VARPTR(
ARYS(x)).

DAT%(2) - Entry : fTrigger source. Use 0 for external
6-2-89
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trigger and 1 for pacer trigger.

DAT%(3) - Entry : Channel array to store the corresponding
channel number of each conversion. The
format is DATS(3)=VARPTR(CEARY%(0)).

ERRS% - Return Message.
Message List

ERR% = 0 Good return.

1 No driver initialization.

2 Invalid function number.

11 Invalid number of conversions (0 or negative).
19 Invalid trigger source code (not 0 or 1).

Remark : You should define a receiving array of the proper size
to store the converted data before calling this
function. Do not specify any new variables after
assigning the pointer to the receiving array.

Example :

500 DIM ARY$(599),CBEARY$(599) ‘CREATE 600’S ARRAY LOCATIONS

510 DAT%(0)=600 ‘NUMBER OF CONVERSIONS
520 DATS(1)=VARPTR(ARY%(0))  ‘GET DATA ARRAY START ADDRESS
530 DAT%(2)=1 *TRIGGER SOURCE FROM PACER

535 DAT%(3)=VARPTR(CHARY$(0)) ’‘GET CE. ARRAY START ADDRESS
540 FUNCE=4

550 CALL PCL812(FUNCS, DAT®(0), ERR%)

560 TIF ERR%<>0 THEN PRINT “DIRECT TRIGGER FAILED!™:STOP
570 TFOR I=0 TO 599

580 PRINT ARY$(I), CHARY$(I) ‘PRINT A/D DATA

590 NEXT I

9-2-5 FUNCTION 5 -~ Perform N A/D Conversions and Save to Memory
with Interrnpt Transfer

Purpose :

This function performs programmable interval timer or external
trigger pulse initiated N A/D conversions and saves the collected
data. to memory -with interrupt transfers.

At the end of each conversion, an interrupt handler routine is
invoked to transfer the data to a defined memory segment. The
next conversion is continued as soon as the interrupt handler is
established.

The interrupts are reveated continuously under the re-cycle mode,
or terminated automatically under the non-recycle mode. Please
note that the interrupt handler cannot be re-established before
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it is terminated. Therefore if you are using the re-cycle mode,
you must run FUNCTION 7 to terminate the interrupt before calling
the FUNCTION 5 again.

If an external trigger is used, triggered pulses are connected to
EX.TRG, positive edges start A/D conversions.

This function is good for medium speed (- less than 3 KHz)
applications. In many aspects it is very similar to FUNCTION 6
which uses the DMA transfer to save data at very high speed.

Parameter :

FUNC% - Function. The value is 5.

DAT$(0) -~ Entry : Number of conversions required. Valid
values are 1 through 32,767.

DAT%(1l) - Entry : Memory segment for data store. The
interrupt transferred data are loaded
from the beginning J6f the segment. Be
aware that your memory segment can save
up to 32,767 bytes of conversion data.
Also be <careful about problems of
overlapping of the memory segment.

DAT%(2) - Entry : Trigger source.

0 = BExternal trigger input.

1

Programmable interval timer.

DAT$(3) - Entry : Non-recycle/Recycle mode.

0 = Nom~recycle. The interrupts are
terminated after completing the number
of conversions.

1 = Recycle. The conversions are repeated
continuously until the calling of
FUONCTION 7.

ERR% - Return Message.
Message List :

Good return.
No driver initialization.
Invalid function number.
Invalid non-recycle or recycle mode code.
1 Invalid number of conversions (0 or nega-
tive).
Invalid trigger source code (not 0 or 1).
20 Interrupt or DMA is active.

ERR%

OO

[}
o
(Yo
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Remark : The following functions perform FUNCTION 5 related ac-

tivities.
FUNCTION 7 -  Terminate interrupts.
FUNCTION 8 - Check interrupt status.
FUNCTION 9 - Convert data from memory to array variable.

Example :

500 DAT$(0)=500 ‘NUMBER OF CONVERSIONS
510 'DATS(1)=&H4000 'SEGMENT OF MEMORY TO STORE DATA
520 DAT$(2)=1 *TRIG SOURCZ FROM PACER
530 DATS$(3)=0 "ONE CYCLE SAMPLE DATA

540 FUNC$=5

550 CALL PCL812(FUNC%, DAT%(0), ERR%)

560 IF ERR$<>0 THEN PRINT "INTERRUPT MODE FAILED!":STOP
570 ‘NEXT USING FUNCTION 9 TO TRANSFER DATA TO ARRAY

9-2-6 FUNCTION 6 - Perform N A/D Conversions and Save to Memory
with DMA Transfer

Purpose :

This function performs programmable interval timer or external
trigger pulse initiated N A/D conversions and saves the collected
data to memory with DMA transfer. The DMA transfer uses the PC
8237 DMA Controller.

The DMA transfers are repeated continuously under the re-cycle
mode, or terminated automatically under the non-recycle mode when
N conversions are completed. Please note that once DMA or
interrupt handler is enabled, you may not reestablish the DMA or
interrupt handler before it is terminated. Therefore, you must
run FUNCTION 7 to disable previous FUNCTION 5 or FUNCTION 6
recycle mode operation before you can call FUNCTION 6 again.

If an external trigger is used, triggered pulses are connected to
EX.TRG, positive edges start A/D conversions.

This function provides you with a convenient way to perform very
high speed A/D. The standard PCL-812 can accomplish 30 KHz
sampling rate.

Parameter :
FUNCS% - Function. The value is 6.
DAT$(0) - Entry : Number of conversions required. Valid

values are 1 through 32,767.
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DAT%(l) - Entry : Memory segment for data store. The DMA
transferred data are loaded from the
beginning of the segment. Be aware that
your memory segment can save up to
32,767 bytes of conversion data. Also
be careful about the problem of memory
segment overlapping.

DAT%(2) - Entry : Trigger source.
0 = External trigger input.
1 = DProgrammable interval timer.

DAT$(3) - Entry : Non-recycle/Recycle mode.

0 = Non-recycle. The DMA is terminated

after c?mpleting the specified number of
conversions.
Recycle. This mode is connected to the
DMA automatic initialization, therefore
the A/D conversions are repeated
continuously until the <calling of
FUNCTION 7.

™
4

ERR% - Return Message.
Message List

0 Good return.

1 No driver initialization.

2 Invalid function number.

8 Invalid non-recycle or recycle mode code.
Invalid number of conversions (0 or negative).
19 Invalid trigger source code (not Q or 1).

20 Interrupt or DMA is active.

21 DMA page wrap around.

ERR%

iR
=
—

Remark : The following functions perform FUNCTION 6 related ac-
tivities.

PUNCTION 7 -  Terminate interrupts.
FUNCTION 8 -  Check interrupt status.
FUNCTION 9 - Convert data from memory to array variable.

Due to the limitations of DMA page registers, A/D data saved to
the segment can’t exceed the page boundary. An error message
(code 21) is generated by the driver faor this page wrap around
problem. A good practice is to start the segment from the page
boundary.

Example :
500 DAT%(0)=500 'NUMBER OF CONVERSIONS
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510 DAT$(1)=&H4000 'SEGMENT OF MEMORY TO STORE DATA
520 DAT$(2)=1 "TRIG SOURCE FROM PACER
530 DAT%(3)=0 'ONE CYCLE SAMPLE DATA

540 DAT%=6

550 CALL PCL812(FUNCS, DAT%(0), ERRS)

560 IPF ERR$<>0 THEN PRINT "DMA MODE FAILED!":STOP
570 ‘NEXT USING FUNCTION 9 TO TRANSFER DATA TO ARRAY

9-2-7 FUNCTION 7 - Disable Interrupt and DMA Activity

»

Purpose :
This function terminates FUNCTION 5, 6, 18, 20 initiated
interrupt or DMA operatioas.
Parameter
FUNCS - Function. The wvalue is 7.
DAT%(0) - Entry: Not significant.
ERR$% - Return Message.

Message List

ERRE = 0 Good return.
= 1 No driver initialization.
= 2 Invalid function number.
Example

800 FUNC%=7

810 CALL PCL812(FUNC%,DAT%(0),ERRS)

820 IF ERR%<>0 THEN PRINT "DISABLE FAILEDI":STOP
9-2-8 FUNCTION 8 - Check Interrupt and DMA Status

Purpose :

This function provides status information on FUNCTION 5, 6
initiated interrupt or DMA operations.

Parameter :
FUNC$% - Function. The value is 8.
DAT%$(0) - Entry : Not significant.

Return : Operation mode.
0 = No Interrupt/DMA operation
1 = DMA
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2 = FUNCTION 5 Interrupt

DAT%(1) - Entry : Not significant.
Return : Number of current conversion.

ERRS -~ Return Message.

Message List

ERR% = 0 Good return.
= 1 No driver initialization.,
= 2 Invalid function number.
Example

600  FUNC%=8

610 ~ CALL PCL812(FUNCS,DAT%(0),ERR%)

620 IF ER%<>0 TEHEN PRINT "READ A/D STATUS FAILED!":STOP
630  LOCATE 5,2

640  PRINT "FUNCTION MODE-" ; DAT% (0)

650 ~ PRINT "CONVERSION STATUS-";DATS% (1)

660  PRINT "CURRENT NUMBER-" ; DAT%(2)

670  AS=INKEYS$:IF A$="" GOTO 600

9~2-9 FUNCTION 9 -~ Convert Data from Memory to Array Variable
Purpose @

This function converts FUNCTION 5 and 6 retrieved data from the
memory segment to array variables. It is an ideal tool to
support on-line real-time applications if you set the FUNCTION §
or 6 recycle mode as background operation and use this function
to support foreground display or analysis operations.

The great flexibility on specifying parameters allows you to move
any number of conversions from any source memory segment location
to any location in an array variable.

Parameter
FUNCS% - Function. The value is 9.
DAT%(0) -~ Entry : Number of conversions to be moved. Valid
value is 1 to 32767.
DAT$(l) - Entry : Source memory segment.
DAT%(2) - Entry : ,Beginning conversion number. Valid

number is 0 to 32767.
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DATS (4)

ERR%

149

Entry :

Entry :

Return Me

Message List :

ERR%

Remark :

g dun

Good

Inval
Inval
Inval
DATS (

[ ]
© ~

Data array to store moved data. The
starting position can be anywhere in an
array, but make sure the available array
size can cover the number of conversions
to be moved. The format is DAT$(3) =
VARPTR (DARR% (X)) .

Channel array to store the corresponding
channel number of each conversion. The
format is DAT%(4) = VARPTR(CARR%(x))

ssage.

return.

No driver initialization.

id function number.

id beginning conversion number.

id number of conversions to be moved in
0).

1. Please allocate sufficient array variables to accommodate
the transferred data.

2. Do not specify any new variables after assigning the pointer
to the receiving array (i.e. VARPTR(DARR%(x)) and VARPTR(
CARR%(x)) since the declaring of new variable relocates the
assigned array.

Example :

700
710
720
730
740
750
760
770
780
790
800

810

DIM DTA%(499),
DAT%(0)=500
DATS(1)=§H4000
DAT% (2)=0

CHL%$(499) ‘CREATE ARRAY LOCATION
‘NUMBER OF DATA TRANSFER
'SEGMENT OF MEMORY
‘TRANSFER DATA FROM FIRST DATA

DAT%(3)=VARPTR (DARR% (0)) ’‘GET ARRAY START ADDRESS
DATS (4 )=VARPTR (CARRS (0)) ’‘GET ARRAY START ADDRESS

FUNC%=9

CALL PCL812(FUNC%,DAT%(0),ERRS)
IF ERR% <> O THEN PRINT"TRANSFER DATA FAILEDI!":STOP

FOR I=0 TO 499

PRINT USING"SCAN CHANNEL=#%# READING=%###i";

CHL%(I),DTA%(I
NEXT I
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9-2-10 FUNCTION 10 - Set-up Counter 0 Operation Mode

Purpose
This function establishes the Counter 0 operation mode. There
are six operation modes available to Counter 0. For detailed

descriptions on the programmable interval timer/counter, please
refer to Chapter 8.

Parameter :

FUNCS - TFunction. The value is 10.

DAT$(0) - Entry : Operation mode. Valid value is 0 to 5.
0 = Interrupt on terminal count.
1 = Programmable one shot.
2 = Rate generator.
3 = Square wave generator.
4 = Software triggered strobe.
§ = Hardware triggered strobe.

ERR% - Return Message.

Message List

ERRY = 0 Good return.
= 1 No driver initialization.
= 2 Invalid function number.
= 12 Invalid counter operaticn mode.
Example :
300 DAT%(0)=3 *SET 8253 MODE-SQUARE WAVE GEN.

310  FUNC%=10
320 CALL PCL812(FUNC%,DAT%(0),ERRS) .
330 IF ERR% <> 0 THEN PRINT "SET CTRO MODE FAILED!":STOP

9-.2-11 FUNCTIOR 11 - Write Counter 0 Data

purpese :

This function loads the Counter 0 data. The variable can be
loaded ranging from 0 to 65535 because Counter 0 is a 16 bit
device. However, the actual storage is done in integer variables
(+32767 to -32768) in order to save memory space and minimize
operation time.

Parameter :

FUNC% - Function. The value is 1ll.
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DATS(0) - Entry : Counter data. Valid value is integer
variables from +32767 to -32768 for
actual variable of 0 to 65535.

ERR%

Return Message.

Message List :

ERR% = 0 Good return.
= 1 No driver initialization.
= 2 Invalid function number.
Example :
400 DAT%(0)=300 ‘LOAD COUNT DATA

410 FUNC%=11

420 CALL PCL812(FUNCS%,DAT$(0),ERRS)

430 IF ERR%<>0 THEN PRINT "LOAD CTRO COUNT DATAIP6,13

FAILED! " :STOP

9~-2-12 FUNCTION 12 -~ Read Counter 0 Data
Purpose :
This function reads the Counter 0 data. The returned data is in
integer variable format (+32767 to -32768) This corresponds to
actual values from 0 to 65535.
Parameter :

FUNC$S - Function. The value is 12.

DAT%(0) - Entry : Read operation mode.
0 = Straight read operation for static
counter data.
1 = Latch read operation for dynamic counter
. data (counter is counting).
ERR% - Return Message.

Message List

ERRY = 0 Good return.
= 1 No driver initialization.
= 2 Invalid function number.
= 16 Invalid read operation mode(DAT$ not = 0 or 1).
Example :
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500 DATS(0)=1 'SET LATCH READ OPERATION
510 FUNC%=12

520 CALL PCL812(FUNC%,DAT$(0), ERRS)

530 IF ERR%<>0 THEN PRINT "READ CTRO FAILED!":STOP

540 PRINT"READING=":DAT%(1)

550 A$=INKEY$:IF A$=""GOTO 500

9-2-13 FUNCTION'15 -~ Set Output on Single D/A Channel
Purpose @

This function writes data to one of the two D/A channels.

Parameter :
FUNCS - Fﬁnction.‘.The value is 15,
DAT%$(0) - Entry : D/A channel number. Valid value is
or 2.
DAT%(l) - Entry : D/A data. Valid value is 0 to 4095.
ERR% - ﬁeturn Message.

Message List

ERR% = 0 Good return.

= 1 No valid initialization.
= 2 1Invalid function number.
= 14 Invalid D/A data (not 0 to 4095).
= 15 Invalid D/A channel number (not 1 or 2).
Example :
300 DATS(0)=0 ‘SELECT D/A CHANNEL 0
310 DATS(1l)=2048 ‘D/A VOLTS=Verf*2048/4096

320 FUNC$=15
330 CALL PCL812(FUNCS,DAT%(0),ERRS)
340 IF ERR$<>0 THEN PRINT "SET SINGLE D/A FAILED!":STOP

9-2-14 FUNCTION 16 — Set Output on Both D/A Channels
Purpose :
This function writes data to both D/A channels.
Parameter :

FUNC% - Function. The value is 16.
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DATS (0)
DAT%(1)

ERR%
Message List

ERR% =
<
-

Example :

300  DAT%(0)=1024 -.
310 DAaT%(1)=2346

183

Entry : D/A channel 1 data.
4095.

Entry : D/A channel 2 data.
4095,

Return Message.

Good return.
No driver initialization.
Invalid function number.

Valid value is 0 to

Valid value is 0 to

Invalid D/A data (not 0 to 4095).

320 FUNC$=16

330 CALL PCL812(FUNC%,DAT$(0),ERRS)

340 IF ERR%<>0 THEN PRINT “SET D/A #1 AND D/A $2
FAILED! " :STOP :

9-2-15 FUNCTION 17 - Set Pacer Trigger Rate

Purpose :

‘SET D/A #1 VOLTS=Vref*1024/4096
‘SET D/A $2 VOLTS=VREF*2346/4096

This function sets the A/D pacer trigger rate by specifying the

divisor of Counter 1 and Counter 2.

calculated as:

The: pacer trigger rate is

Pacer rate = Input clock rate / (C2 X Cl)

where C2 =
Cl =

Counter 2 divisor
Counter 1 divisor

and the input clock rate is fixed at 2MEz.

Parameter :
FUNCS%

DAT%(0)
DATS(1)

ERR%

Function. The value is 17.

Entry : Counter 2 divisor.
65535.

Entry : Counter 1 divisor.
65535.

Return Message.
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Message List :

Good return.

ERR% = 0.
= 1 No driver initialization.
= 2 Invalid function number.
= 10 Tnvalid counter division ratio (0 or 1).
Example 3
400 DAT%(0)=50 CTR2 DIVISOR DATA
410 DATS(1)=20 : +CTR1 DIVISOR DATR

420  'PACER TIMER RATE=2MHz/(50%20)

430 FUNC%=17

440  CALL ABSOLUTE (FUNCS,DAT%(0),ERRS)

450 IF ERR%<>0 THEN PRINT "SET PACER FAILED!" :STOP

9-2-16 FUNCTION 21 - Write Digital Output DOO - DOLS
Purpose @

This function writes data to digital ocutput channels DOO through
DO15.

Parameter :
FUNC% . TFunction. The value is 21.
DAT$(0) — Entry : Output data for DO0 - DO7. Valid values
are 0 to 255.
DAT$(1l) — Entry : output. data for po8 -~ DO15. Valid
values are 0 to 255.
ERR$ - Return Message.

Message List 3

ERR = 0 Good returm.
= 1 No driver jnitialization.
.= 2 Invalid function number.
= 13 - Invalid output dat. (DAT$ not 0 to 255).
BExample :

300 DAT%(0)=255 ‘LOW BYTE DIGITAL OUTPUT DATA (0-255)

310 DAT$(1)=200 ‘HIGH BYTE DIGITAL OUTPUT DATA (0-255)

320 FUNC%$=21

330 CALI PCL.812(FUNCS,DAT%(0) ERRS) =+ =

340 IF ERR$<>0 THEN PRINT "WRITE DIGITAL DATA
FAILED! " :STOP
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59-2-17 FUNCTION 22 - Read Digital Input DOO - DO1S

Purpose :

This function reads the state of digital input channels DIQ
through DI15. .

Parameter :

FUNCS% - Function. The value is 22.
DAT%$(0) - Entry : Not significant.
Return : Input data for DIO to DI7. Valid value
is 0 to 255.
DAT®%(l) - Entry : Not significant.
Return. : Imput data for DI8 to DI15. Valid value
is 0 to 255.
ERRS$ - Return Message.

Message List :

ERRE = (0 Good return.
= 1 No driver initialization.
= 2 Invalid function number.
Example :

- 400 FUNC=22
410 CALL PCL812(FUNC%,DATS(0),ERRS)’
420 IF ERR%<>0" THEN PRINT “READ DIGITAL DATA
FAILED! " : STOP
430 DIG=DAT%(1)*256+DAT%(0)
440 PRINT "DECIMAL DATA=$$$### HEXDECIMAL=\
\"; DIG,HEXS (DIG)

9-3 Driver Return Code Listing

The following is a complete list of return messages generated by
the driver functions.

Code Description
0 Good return, no error. Used in all FUNCTIONS.
1 No driver initialization. Invalid use of other FUNCTION

before initializing the driver. Used in all FUNCTIONS
except FUNCTION 0.
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11

12

13
14

15

16

17

18

19

20

1586

Invalid FUNCTION. Valid function numbers are 0 to 22.
Used in all FUNCTIONS.

Invalid I/0 port . address range. Used in FUNCTION 0.

Invalid interrupt level. valid levels are 2 to 7.
Used in FUNRCTION O.

Invalid DMA level. Valid levels are 1l or 3. Used in
FUNCTION O.

RESERVED

Out of single-ended input channel range. valid values
are 0 to 15. Used in FUNCTION L.

Tnvalid non-recycle or recycle mode code. Valid values
are 0 and 1. Used in FUNCTION 5 and 6.

A/D converter -hardware error, no end of conversion
(EOC)}. Used in FUNCTION 3.

Invalid counter division ratio, Valid values are 2 to
65535. Used in FUNCTION 17.

Invalid number df ¢conversions. Valid values are 1 to
32767. Used in FUNCTION 4, 5, and 6.

Invalid counter operation mode. valid values are 0 to
. Used in FUNCTION 10.

Invalid digital output data. Used in FUNCTIONW 21.

Invalid D/A data. Valid values are 0 to 4095. Used in
FUNCTION 15 and 16.

fnvalid D/A channel number. Valid values are 1 or 2.
Used in FUNCTION 15.

Invalid counter read operation mode. Valid values are

0 or 1. Used in FUNCTION 12.

Invalid beginning conversion number. Valid values are
0 to 32767. Used in FUNCTION 9.

Invalid number of conversions transferred. valid
values are 1 to 32767. Used in FUNCTION 9.

Invalid trigger source code. Valid values are 0 or 1.
Used in FUNCTION 4, 5, and 6.

Interrupt or DMA operation is active. Used in FUNCTION
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5, and 6.

21 DMA page wrap around. Used in FUNCTION 6.

9-4 Programming Examples

To assist your application programming, we have prepared 9
demonstration programs on the software diskette enclosed in the
PCL-812 package. Each program covers an important application
area and comes with a complete program description. The use of
each program is discussed in the related Chapters. All demonstra-
tion programs are written in BASIC. Apart from DEMOOl1 which
writes the I/O instructions to the -port directly, all other
programs use the PCL-812 driver routines. The following is a
list of all programs and their applications.

Program Name Function

DEMOO1.BAS Performs software trigger A/D and program
control data transfer without PCL-812

DEMOO02.BAS Performs software trigger- A/D and program
control data transfer.

DEMO03.BAS Performs pacer trigger A/D and direct to
array data transfer.

DEMOO04 .BAS Performs pacer trigger A/D and interrupt data
transfer.

DEMOOS .BAS Performs pacer trigger A/D and DMA dat
transfer.

DEMCO8 .BAS Performs outputs to either single D/A channel

or both D/A channels.

DEMO11.BAS Performs digital input/output onm channel DIO
to DI15 and DOQ to DOI1S.

DEMO12.BAS Piograms'the Counter 1 and 2 to generate A/D
trigger pulse.

DEMO13.BAS Program the Counter 0 to count extermal event
or generate square wave,
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CHAPTER 10 DIRECT MEMORY ACCESS (DMA) OPFRATION

INTRODUCTION

Direct memory access (DMA) improves system performance by
allowing external devices to directly transfer information to or
from the system memory without operation of the system CPU. The
PCL-812 is designed with A/D data DMA transfer capability. This
feature significantly improves system performance during high
speed A/D applications.

10-1 Introduction to The PC 8237 DMA Controller

DMA is controlled by the 8237 DMA controller chip on the PC’s
system board. It has four priority direct memory access chan-
nels. Channel 0 is reserved by the:- PC system «to perform dynamic
RAM refresh. Channel 2 is always assigned to support floppy disk
operations. Channel 3 is normally used by the hard disk opera-
tions. Channel 1 is not reserved for any internal operations and
is available for user applications. .

Each channel has two control signals associated with it. The DMA
request signal (DRQ) triggers a DMA operation, and the DMA
acknowledge signal (DACK) authorizes the DMA Lo start data
transfer.

In addition to four DMA channels, the 8273 DMA chip has four
operating modes {single, demand, block and cascade) and four
control registers. These registers Are

1. Operation mode register (set operation mode).
2. Address register (specify memory segment starting address).
3. Word count register (specify the number of transfers).

4. Initialization register (enable and disable DMA channels).

Please note that all four registers must be properly set up
before the DMA operation can abe requested.

10-2 How to Use DMA Transfer with The PCL~-812

DMA transfer is a powerful but complicated operation. Different
subjects regarding the DMA transfer have been covered in many
chapters of this manual. “The following is a summarizacion of how
to use DMA transfer with the PCL-812. For detailed explanation
on different subjects, please refer to the specific chapters.

1. During hardware configuration, check your PC C[MA channel
availability (level 1 or level 3) and set the PCL-312 jumper
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JP5, JP6 (jumper) accordingly. -

If you choose to use the PCL-812 driver routine FUNCTION 6
to support the DMA transfer programming, simply provide the
required data e.g. number of conversions, memory segment
address etc. to the driver. And the driver will take care
of the complicated operations for you.

If you choose to conduct your own DMA operation, you need to
have a solid understanding of the PC, 8237 DMA controller
and the PCL-~812 device. To complete a DMA transfer, make
sure you have covered the following operations.

a. Initialize 8237 DMA controller register and page
register.

b. Set JP5 and JP6 to correct DMA channel.

c. Send DMA enable and trigger source data to the PCL-~812
control register- located at address BASE +ll.

d. Set up external trigger pulse or pacer trigger rate.

e. Enable trigger source to start A/D conversion.
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APPENDIX C PC T/0 PORT ADDRESS MAP

I/0 Address Range (Hex) Function

000-1FF Base system

200 Reserved

201 Game control
202-277 Reserved

278-27F Second printer port
280-2F7 Reserved

2F8-2FF COoM2

300-377 Reserved

378-37F First printer port
380-3AF Reserved

3B0-33F Mono Disp/Print adapter
3C0-3CF Reserved

3D0-3DF Color/Graphics
3EQ-3EF Reserved

3F0~3%7 Floppy disk drive
3F8-3FF COM1
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APPENDIX D _ CALIBRATION

In data acquisition and control, it is important to constantly
calibrate your measurement device to maintain its accuracy. A
calibration program, CALB.BAS, is provided on the PCL-812
software diskette to assist your calibration work.

The calibration program is written in BASIC and utilizes the
PCL-812 driver routines. To use it, simply load the program into
BASIC and run the program. The default I/O port address setting
in the program is Hex 220. If address Hex 220 had been occupied
by another device, you may either replace that device with the
PCL-812 on address Hex 220 or modify the address setting in the
calibration program. It is strongly recommended that you don‘t
change the program unless you thoroughly understand the PCL-812
driver functions and the calibration program.

Since the calibration program requires the PCL-812 driver
program, 812BAS.BIN, to operate, when you are loading the
calibration program to BASIC, please ensure that the 812BAS.BIN
program is also available on the same floppy diskette or hard
disk.

Once the calibration program has been loaded and executred, it
uses the graphic display and prompts to guide you through the
calibration process.

In addition to the calibration program, it is necessary to have a
5 1/2 digit multimeter and a voltage calibrator or very stable
and noise free DC voltage source to perform the calibration. X
slot extension card will make your access to the VRs easier. The
PC-LabCARD product PCL-755A (Slot Extension Card) is an ideal
product to support the slot extension.

D.1 PCL-812 VR Assignment

There are 5 variable resistors (VR) on the PCL-812 to allow you
making accurate adjustment on A/D and D/A channels. The location
of  each VR is indicated in Appendix B (PCL-812 Connector, Switch
and VR Locations). The function of each VR is listed below:

VRl : D/A 1 gain adjustment

VR2 : D/A 2" gain adjustment

VR3 : A/D gain adjustment (+/-5V range)
VR4 : 5 Times gain adjustment (+/-1V range)
VRS : A/D offset adjistment
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D.2 A/D Calibration

Since the PCL-812 provides many A/D input ranges, the callbratlon
on one A/D range may not be accurate on another range. It is
suggested that you calibrate the A/D whenever you chande’ the
input range.

The calibration program will prompt you to specify the Zfollowing
items 3

1. Channel confiquration (single-ended)
2. Input range setting
3. Channel number

It then leads you to adjust the A/D ofiset and A/D gain. It will
also ask you to perform the common mode rejectlon ration adjust-
ment, if you are using the differential channél configuration.

D.3 D/A Calibration

The D/A input reference should be connected to the channel to be
calibrated. You may use the on-board - 5V reference or other
external references. The full scale gain of each D/A channel are
adjusted through different VR. The reading should be 4.92997V far
the full scale gain.





