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Curve Tracer Control via GPIB
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Abstract

In this project the equipment for measuring the electronic device characteristic is
presented. The measurement is carried out by using IEEE488(GPIB) equipment such as
power supply and multimeter. Various standard command available in IEEE488 can be
employed to obtain diode, BJT, MOSFET characteristic curve. It exists, however, the
problem of regarding the measurement speed due to the speed limitation of the

equipment being used to measure the device characteristic.
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i 2 nguAndslug 1 Ae nguAdmen ( Primary Command Group ) uaznguAIE
784 ( Secondary Command Group ) lnenguAndmanylszneudag 4 nguAd Aa ngu
Mfalazaiqauune ( Addressed Command Group ) nguAdsAraLAgy ( Universal
Command Group ), nguANRafiMuAgLnsnifafl ( Listen Address Group ) URINENAT
&fmuaginsaifiade ( Talk Address Group ) iRl lurun EEE 488 tugwnraiiaz
Winumidfaniadayeuacnindde tude faysfivileuiidiannnngld 2 ed fe il
dryrns ATN i Low ﬁﬂqaﬁﬂqﬂuﬁﬂﬁﬂqmmmﬂﬁqrﬁﬂé']ﬁ"q withftygyns ATN
({4 High ‘il'ﬂ:;]ﬁi/dmfii'luﬁﬂﬁﬂgﬁqmu’]ﬂ&ﬁﬂu“ﬂﬁlﬂu?ﬁﬁ SACII

1. nfiuﬁ"qziqm:wimumﬂ ( Address Command Group yhudndaiatuls
qunsfTusdaifesaiuiimuasamihude Usznaudas

GTL ( GO To Local )&'lﬁqﬂnminﬁ'u'lﬂijﬂmu:muauo’w’wﬂuﬂ?uﬁuﬁ'\ﬂwﬁ
annA

SDC ( Selected Device Clear )ﬁ"q'lﬁﬂ,ﬂmrﬁnﬁuxlﬂijm'\u:éuﬁu

PPC ( Parallel Poll Configure yfusrdagmsinmsdnasraefnyeenis
arsnnrsuIunnrssausnmgUnsalinsizmu Tﬂﬂ'ln’fﬂui"quﬁ'untiuﬁ'lﬁ"qs‘m

GET ( Group Execute Trigger ) WG uRummitnurasgLnsafiasues 4 i

TCT ( Take Control )ﬁ'mum'lﬁf;ﬂmniﬁqdqv‘huﬁﬁiLﬂuﬁqmuau

2.mju¢‘i'1zi1m‘ﬂunqu ( Universal Command Group ) Lﬂuﬁ'\&ﬁm‘lﬂﬁ’qqﬂnﬁﬁvm
fafseaslurzuy Usznaudas

LLO ( Local Lockout ) duligunsBamatlusniuracuaudaeniumininini
Un#

DCL ( Device Clear ) e%a'lﬁqﬂmrﬁunﬁqnﬁu"l.ﬂéﬂmu:ﬁluﬁu

PPU ( Parallel Poll Configure ) TN @NNTILIUNTATIRAALIAN UL
uNA

SPE ( Serail Poll Enable ) tﬁun'mﬂﬁﬂufuumn'lmmaﬂuamwuuuau,n?u {nel

¥ y
Tlvusilazfiunirdeanuzasaatadununisdaresdiays
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SPD ( Serail Poll Disable ) HNIANNTTLAUNNTATIRRBLANNULILIOYNTH

3. nquAndainagiinsaifaf ( Listen Address Group ) fhudrdefmunimua
qunsalifhusiafumanismngat 0 i 30 uasiAds UNL ( Unlistener ) dwfuilden
&N

anguindaimuagunmifings ( Talk Address Group ) Wdmwiudwagneal
Duiagunismnaiay 0 B 30 uasildrds UNT ( Untalker) fmiteni@inidunis

5.nguAdaee ( Secondary Command Group ) dhindaiiimummeasiBandes
yevgUnmniusiavsirass LU 'tﬁ‘ﬁm?ﬁw\umuqmdf:mﬁnw’lﬁmwnmqﬂnmfﬁ’u A

v L4 o v o o 4 o« t o
frgailacWnmddwmdnae acussaniigunsaiin q gnivmaBlusiuuGaufesuda

ANFIN 2.1

UEAIAIRINATI U IEEE4BB UATTIAR ASCII

ASCIli — IEEE 488 BUS MESSAGES (COMMANDS AND ADDRESSES) HEX CODES
Msol “-eo 1 ] 3 4 s 6 7
LSD\_IASCIl | MSG | ASCil | MSG | ASCHi | MSG1 | ASCH | MSG! {ASCll | MSG!| ASCH | MSG! |ASCH | MSG | ASCH | MSG
¢ | NuL DLE sp 00 ) 16 @ 00 P 16 R p
1 [SOH | GTL | OC1 | LLO ] 01 1 17 A 01 Q 17 . q
2 STX oc2 |- = 02 2 18 [:] 02 R 18 b J [
3 lem oCc3 . 03 3 19 [ 03 s 19 c o s a
4 |EOT |[spcjbce {ocL| s 04 4 20 D 04 T 20 d 3} t o
.5 |eNa | PPC | NAX | PPU | 05 s 21 € 05 u 21 3 o u I3
s |Ack SYN 3 06 [ 22 F 06 v 22 ] > v -
7 |eeL ETB . 07 7 23 G 07 W 23 g a w a
-
[ 8BS | GET | CAN | SPE i 08 8 24 H 08 X 24 h z x H
9 HT | TCT | EM | SPD } 09 [ 25 ] 09 Y 25 [ i Y w
A LF sus . . 10 H 26 J 10 Z 26 i S 2 (<}
B | VT ESC + 1 : 27 K 1 { 27 * S { £
c FF FS E < 28 L 12 \ 28 ] g. ' §
D CR GS - 13 - 29 M 13 ] 29 m 1
3 [ RS . 14 > 30 N 14 -~ 30 n -
F St us / 15 2 lun | o 1s | — JuNT | o DEL
= S N
ADORESSED UNIVERSAL LISTEN- TALK SECONDARY
COMMAND COMMAND ADDRESS ADDRESS COMMAND
GRQUP GROUP GRQUP GROUP GROUP
/"
PRIMARY COMMAND GROUP (PCG})
This table reproduced with permisaion:
Notes: ‘
1. Device Add: shown in decimal
2 Message codes are: 4§ ELECTRONICS
DCL — Devices Clear  LLO — Local Lockout SDC —Selectad Device Clear ¥ CORPORATION
GET — Davice Trigger PPC — Paraliel Poll Configure SPD -~ Serial Poll Disable
GTL ~Go to Local PPU — Parallet Poll Uncontigure SPE — Serial Poll Enable 1430 Koll Crcle @° Sulte 103
3. ATN oft, Bus data Is ASCIl; ATN on, Bus data is an IEEE MSG. San Jose , CA. 95112 @ (408) 2004844
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No

NRFD & NDAC
dluHigh?

¥

sofauidmdayasan

NRFD tiluHigh ?

Yes

!

DAV 'lﬁlﬂ:u Low

NDAC fluHigh ?

11

fanain

Faysulrnghiiauasmunmiuh

safimndndudayaniquia
NDAC duaziilu High

fIFY

{ Fxdiu }

1 NFRD uaz NDAC
Widlu Low

¥ NRFD Wiidlu High

|

DAY fluLow

¥ NRFD Wiidlu Low

w1 DAV Wi High

Yes
4

ingnuasin A

@«

1 NDAC Widlu High

3

DAV iflu High
vitald

Yes

¥

1 NDAC Witflu Low

71l7 2.6 usAY Flow Chat 124015 Handshake HFmguazFMmil
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¢ o
2.6 VUIUNISHIUAIYA ( Handshake Procedure )
13 :” A <n - |
Tunnsaaansrswinnnsdlussuy GPIB esiflunsfasiruuasialania  Aadladl
mafudedeyarzuinssadauazsiofy fadeazfasudaifiafummud sadalddedayandliium
yaud uaslisainimaindeysld dedinininiudeyasiauds fazdsauiounsads
v o d o . .
s WdeyaiidanFaufesude tafifadeazliinnimegaddeyaviteriinisdeda
t L% .t :‘/ by : e:al ar 2 1
yeqabaiaditinala nszuaniamaniazifaynaiiinisfudadayalur danszuaunis
weiignifenda TuaunsusuAida (Handshake Procedure )
o R I8 :’; a <n < nl ‘o or di di
TunsRansaniruoumsuausdmii asinmsRarsaniersuun bidudewin wen
o ] © ar & o € J ar
asarmidnlaldlaedne Tnadunilussuuiisdauasiafiatnasuiig Tunsdadns
1 ar ar o :’/ < ar v [} <A
soningsiade  uasFaAnie  asfiansdyninougumsiudedayany 3 dynyond  Ae
1 L ] 1
NRFD,NDAC, DAV Tneidtueynns DAV azifludyqniiazaiivhudifmiannaziudaysi
denuminresrsnnieli - dwiidumeurssmounsuensiidasunmusadlidslupli

2.7

DAV (%

NRFD o %

NDAC o ¢

Note: The timng shown ig relative.

o .
71t 2.7 uaasruaunnsuasiia

LU suaudnss BuiuudeaniifaauginnsuanrziumeudngUnsalia
i fniesags e immuudaiazdadunyans NRFD Wiflu High (@nMzi 1)
RavantiFdmmudniaiunianiaziudeyaud  uasdadaianinisdedayalimalade
ya DIO1 - DIO8 ua:ﬁ:ﬁﬁnﬁs?ﬂafjﬂ'}”ﬂmmzuﬁqué’qﬁodqﬁ:dqﬁ’ryrmm DAV hilu LOW e

udsinmudnanusiifgidedaysssnaiafoysuda (somed 2) diafimeudniideys

v v _d o ow

atjuiadayafasdedyeyrns NRFD Wiidith Low e Funiannazfudeya(@nici 3)
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ussnsfuldfufayallifuliuimeffaufauudanardediynyins. NDAC WiiAndu
High taudalimmudwinfulsidayate faaudo (@nws 4) idlefadE Ty
NDAG il High sagefiasviannsdedtynynns DAV Widu High WaudaWisanhisewinns
tﬁm’mqaﬁ’uﬁn @i 5) WerRslErudynyin DAV AnAuily High fazdedynyan
NDAC ity tow (ﬂmu:*?i 6 Winliiayahuingnindmaentu wnmisauAazd
fyynos NRFD Wiy High (samazi 7) iausnWmmuddinianiiacidaysgasia i

argngudunlunts duduafafuruaunsuauidn

2.6.1 vuaumsusdidaiie ¥ lulasnesfiame i uianauguuasdad
v < dl = o ar
auqunsuaudiiaiie W lulasreniamefillusianaupuuasfadeannusnsdias
o o 4 J o + 1] 3 ar 4
wadgaiaan faplit 2.8 FesiliiedenindilRluiureunsdediays Tnemuaunsdngs

sazifinTumndsannnsimvuagunenilussuiuda

®Q —

NRED ‘
NOAC
@4, e
! — o

Data

28 uaausinanasansuauddadle WeasRamefiflushauauusssads

U euER SRR T iesrauAusedtynyins DAV Widhs High (@O 1)
iqﬁqmuau‘lﬁﬁm’lﬁ’ﬁ’mmﬁm DAV WilAuilu High agiauuda uﬁqmn&uﬁqmuamzﬁﬁ
nsAaaRaudyUNs NRFD uar NDAC dniianuflu High v?«ju?‘*ﬂ'hj (@ow=d 2 ) &
dyqyraasaily High vuquj uamd'}qﬂni‘mﬂﬂwﬁ‘ﬂuﬁﬁ:ﬁﬁﬂu nunsuaudEaiszgnen
@l uAdAgnms 2 uﬁnﬁzytyﬁmlﬂﬁ’rgmﬁmwﬁqtﬂu Low FaAILANasiINIsdadayand

- ‘J ar z ar -3 1
haTadieys (anush 3 ) udrmiiaauauasiINImsIateudy NRFD duilu High
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vite'lli ( @ausi 4 ) Erdynyans NRFD 1fhs High flamauiaufiazsediyayins DAV it
Low Lﬁﬂﬂﬂn'lﬁ'ﬁo?umﬂudnﬁﬁaqaag:'luﬁaﬁ’ﬂg‘a (€0 5 ) windRtnmish 4 dyoyns
NRFD fiA1dlu Low usasdnauaunsumididn ianandioananaty asfaninmsdusislm
ansomid 5 faAmAnazrana iFIAMmnfudeys detanaiimuuamaouguas
wnsarageudtyyins dduns NDAC qnuJé‘au‘lﬁtﬁu High huasfitueitali
(o 6 ) fdnfubildfdeyslusfitamaunisunusidassgnaniny usithd
m‘lﬁ’mﬁﬂqamﬂ‘luwmﬁﬁwuﬂﬁ'ﬁuqzﬁqmﬂd?\'ﬂuﬁrurmru NDAC Wiy High (Mol
7) sTmeuquﬁq:ﬁ'\mmﬂuaum‘imlmﬂﬂ‘é'ﬂuﬁrutu'lm DACIY High (@0 8 ) ua
amuAuiasinrsudeyaiaghuiedeysaantl @Al 9) dunmafafuauoums

©8 o ]
WAUALTAPNNATD

i - A U &
2.62 vunmsususidaiielsulnsreafiune niudansunuuazihiaiu

© S -1 - - A
UM suBuAdiAaw TR radiEuuuAsTIea fagn 2.9

DAV

NRED

NOAC

Dats

EOl

i ar ( A = a -~ ~
i 29 wsawniansssruaunisuaudidadialililnsnauRameditufaniuguuaia

o

Tu

mumsiauAirinaulassianuauinidfdiaTimdetiaya  faadLANATE
’ ] J -~ 4 I3 o A L3
dryryrns NDAC WiilAnflu Low iauanmsudndamauquashildidays (anusi 1) se

A 4 . . o
aniusansuguazdedtyyins NRFD Tidu High wauenidadameudisnugumiani
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arfudiayauda (@0t 2 ) Fadeamnewllfviuian snusiigmnroiassdngasanatatays
Wuda (@nsh 3 )annasidyoios NRED faedniflu High uasdtynyins NDAC Hasdn
flu Low Tumewsielfaruguasinmssaua Widagainsdadiayasanaiadeyaldiafs
uazaimmmasaLaed et el vanfunsiituaiasinizeanain
suquniruedida  windahifufasseaumianamiresunddiyyis DAV szflu Low
(g0ush 4 ) dadyyns DAV feedniu Low firuguissaauiuinaniminWidnygu
NRFD fiAihs Low (#nusil 5 )Lﬁﬂmn'lﬁﬁ’qdmﬂudﬂﬁ’qnqmuw?ﬂuﬁq:éuﬁﬂn'\ﬂﬁu'ﬁ'ﬂ
YAURI (80 6) ua"qmnﬁuﬁ’omnam:ﬁ'\mmﬂqaﬂué’rutmtu EO! 41 'ﬁﬂqaﬁﬁ’omﬁ'\
Mrtaamaiiey Tandadeasinnamdygin E0l Wilsedndu Low Watays
Tusigainagneeadlthniiadiays (& 7 ywndiyeyrns EOI famathu High farauauas
wannfudaya haiedayasiall (@amish 8 Juszdlespouauldinnfiudayafaufen
ud fiamauguazilAEusednuacdrynyins NDAC Whilu High (@0 9) Lﬁﬁﬁ’omﬁquv‘h
Waunns NDAC flaednidlu High ufa sadeasvinmssudeysuiadieysasnlaenis
wigudyryns DAV Witdndy High (samusii 10 ) ﬁqmuauﬁq:ﬁ'\mrﬁn’iﬂqaﬁmﬂﬁ

4 . o ¥ s
uuasulaeudoyeynos NDAC WillAuu Low (@nmacit 11 )ulunnsfugaauaunisususitn

-
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YN 3

a5l sunsa NI - 488.2

3.1 msl¥lhlsunsa NI -4882M U Windows 95
nslsunsu NI 488.2M MU Windows 95 stuamdlupili 3.1 Tnaugn

mnineuthudiumeu Tﬂﬂq:%uﬂﬂﬁum&‘ﬁm?mmé‘l*ﬁﬁqua’ﬂn‘ﬁ' Tufitignansaui W 2
muanasinau

- User Mode Astuunijld FaanunsolfiunsiBatundvinnsfnsaiyugay
98¢ Kemal Mode Tasnisden’d gpib-32.dll

- Kemal Mode Astuumnsiasiaiugunial GPIB TneldTusunsaiifiiniu Driver
seamindaihilisunsuiilddmimaseugnmiiseegfosndell  wD  ammnefi
Virtual Device Driver via Tl Iag X azusailesfiazas Device Driver T fatiaiu
VDD axmnfle Virtual Device Driver wiugunsniuana VD aswinei Virtual
Device Driver & wiliqunsal Timer uss VPD azuunafle Virtual Device Driver fufl
itaaRu Windows 4= Virtual Device Driver tamiiliayunininenauiaimdnaes
Application WUl MSDOS based  lmsmirdnssdaulsznaumnmiauaiuussun i
Application MSDOS Wiu Application Ul MSDOS based winsAdlainaune 1
Windows 95 Aufussfunumiiaedin  MD-DOS Virual Machine w7e VM aziianu
e dausiefl Windows Tunas Interrupt uazn1sineuead (/0 Wi Application Tae
Tivinanenminaures Application ‘é‘uﬁv’i'muﬂgi

Windows 95 Wfnlszlamisnmsdmsfennisaiuayy Device Driver 414U
wn Feeglupluunmes VxD ( Virtual Device Driver ) Tuanazuanfianses Windows
wifias ¥ Device Driver 8¢ MSDOS #iwmilu real mode mnianuiliggn
alsuuAndagniasmn Wy vxD T Windows 95 Fldurineiilsonaudsietalil

- ﬂﬁJ:J;;mmmu:m?ﬁﬁmu‘ﬁqtﬂuuammnm?'l’n‘l‘é’mﬂ°'1&"~1uuu 32 dauazniran
asiunnsdunaelinszuitnasinandlu real mode uaz protect mode

- aanmtlimitsanudninflaanisdnEiTaunimincutes Device Driver U
Tlsunsi TSR W protect mode

- Usinlpusdasamuazainaiidaie lunsinendiaa

-



& ~ ¥ o [y - A = 'Y ‘ ) - € -
wnansiiuenansiiavubidmsunslynuiensfinvuniiu lweygnlwilulvussleguaunisan

lunsdllag visdu dnnamuillndaudadiienuaznase1sdaiaaivetenaisynasminisintuly
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-eot  Aa n1suanATNKAUgA TUN"sFAGe

~gos  Ae msuanmumbdianinugaity

Tibrd = function ( ud : integer ;

Var rdbuf ;

Cnt : longint ) : integer ; stdcall ;
-Tibrd Aa nedudaysangunsalifniiulihoanieriud
~ud e aruanatwniiiaresgungal

- rdbuf A FevaaniacdiiHifiudeya

-cnt  Ag natmuamnatensduiiays

Tibtrg = function ( ud : integer ) : integer; stdcall ;
- Tibtrg Aa NfRantiinesgLnsal
~ud  As nruanAwnbiiinresglneal
Tibwrt = function ( ud : integer ;
var wribuf ;
cnt : fongint ) : integer ; stdcall ;

- Tibwrt Aa nsdadaryaandldllWigunsal

~ud A msuensumbaiinregnsal

- wribuf A FereanitganudMidlunsdediaya

—cnt  As maiuaminandediays

Tibwait = funtion ( ud : integer ;
mask : integer ) : integer ; stdcall ;

- Tibwait A Merawarlunisiadavfenisaivauees GPIB
-ud  Ae mruenswmiatinzeegUnenl

~ o
- mask Ae DAudeeEoIUsYed GPIB  Muanfammmsaiiunirrameslu

Ansiaiu GPIB
Tdev Clear = procedure ( boardiD : integer ;
padlist : AddrList ;
resultlist : AddrList ;
limit : integer ) ; stdcall ;
- Tdev Clear Af malaRafanuzresgnenl

o ] 4 o by ]
- board!D A mmﬁnmtmu\mmuafﬂ GPIB_ NSNINTAALE
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- address AanTLANATUMINTRNgLINTAT
- buffer AaTaravAMMIT I lumaiudays

- cnt Asprmenaluniraudiays

TSend = procedure ( boardID ; integer ;
address : word ;
var buffer ;
datacnt : longint ;
eotmode : integer ) ; stdcall ;
-Tsend AanirdedayaluIginral
- boardID AenMTLANAMIINNTTAASE GPIB
- address Aantsuansuvitegngnl
_ buffer Aateraswiumititilunsddays
- datacnt AaAINE9TuNrddiaya
- eotmode Aan1suanAwniigavineTunisdedaya
TSendIFC = produre ( boardID : integer ) ; stdcall ;
-TSendIFC AanFiin GPIB Tnamedadtyqune interface 1ARET
- boardID AanMrLIENAUMINNTRAsE GPIB

TWaitSRQ = procedure ( boardiD : integer ;
var result : integer ) ; stdcall ;

4 - TWaitSRQ AsmsassqunsoiegUnnffiudimiaunarietinisain GPIB
-boardID AfNsUANANWIKNTARSIE GPIB
o & 4 (A -J
- result AngncTRmadnTazu 17 Welinsuduuasandu 0 e

s < o
Lifinnstiudu

33 msiveuldsunsuuy NI-488 u38 NI-488.2
NI-488 URz NI-488.2 W Software Driver 98415  GPIB-PCII / lIA dagnunsa
iy Delphi s 2 Tusunsuuansinaiaesusiglunuees function  uae

4 # o o ar 1 :’I
procedure ARWIFunldweglulig. DLL  MadlFuanvsaatnnisliunedilsunmia

2 ‘hwiadasaly
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3.4 fidaidnugumssileTavesgiinsed

srLATReTadARMIAg Y IEEE-488 innsAnemiu uenannaziifanoy
ANTZLILIUAN ﬂ”\zﬁqﬂnmi\‘?'wiaagj'lu?zuuﬁq‘lﬁuﬁqﬂn?m'ﬁLﬂutﬁ'gﬂqﬁaﬁuyumﬁmnwm
Dndddmiunimasemdianmsaiind Tﬁﬂqﬂnmimdﬁﬁuanmnq:mmmmuau'lﬁ
dmatiiiiude Siennmamauidiasinrinianuanangm IEEE-488 Wie GPIB
ke Falurazlrzneylifon

1. Programmable Power Supply 1801Fh HAMEG fu HM 8142 Wi
fhamsdngifnszuanse deldidhWfeuiaasiiasimmanss Teeiluneadngin
ag 2 #a ua:ﬂf‘hé’qmuﬁ,uﬁqﬁ‘fu'lun'nﬁw\usi'\u?muﬁﬂuuu IEEE-488 Af

AI¥a : RM1 / RMO

guuu - RM1
Aarfdu - &l Power Supply Y muluuetlim nglisnnronsuauinum

thalld  usisunsopauaunIsinalalascwrsniruun 1EEE-488 winlih ust@nm
. o «
aananuumimldlaenirdednds RMO visenimaju LOCAL Mudiiinifaeaidtes
guuu : RMO

ey : dnrserdnusfinbiiaTedinduganius LOCAL (§170AUANAT

weusaaaTas lAlaed i)
fadanm : AEQ RMO AciluasiaA1dl LK1

ANda - MX1 / MXO

gluri : MX1
« - <t 1 <
oty wasulmuetimdulvuauunan  ivuetiswisanacaupung

yeumearTaclilaenisdaddsinussiniaun  IEEE-488  uaznirauANsmInIaI

tndreaAres

gulun : MXo

wWaridu - smlﬁrﬁuumuuuuauua:ﬂﬁut%zjﬂmu:ﬂnﬁﬁmuqu lnesinuszinia
WLy IEEE-488

AR : LK1 / LKO

gun : LK1
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6 o’ . A N d H ]
Haridu - dslietaadngtmusiln  Taehisansnnmn LOCAL anas WiATas

ndudgiuun LOCAL T

RMO

guluu - LKO
-« v L4 ‘J < ei ] ) L%
Hartdu - dlfiAraseanantuusiiunihisnnsanau LOCAL inldanansana

d o . o d
1] LOCAL iafiasfssaauAaumIRItinaiinireaTeld

Fadunm - Wusithmihiawnsanmjy  LOCAL  Hswnsagneniantilaedad

Andia: SUT uez SU2
siluy - SUTW.mv.mV vite SU2 01.34

< ar '.,' J 1 1 4
Farfiu - feArfnan ifgesumsssneh 1 vie 2

A1Ra : SI1 uas SI2
suluun - SIT AmAmAmMA  WiTa S10.123
.« o : + ] T o A | -J a e ]
Wartdu - fadnsoua i neuuaesnasian 1 vire 2 wasanaAnszug v

Andie : RUT UA RU2

sl : RU1 vide RU2

A - Adnaiiiiidandulnaetes azdluddnawiniigndumedning
mdafuusan ( SET)

Hakuns - Wande MUX deflasnusnszusiniiaiaidaldannianinn

fdie: RI1 uay RI2
gl RIT vie RI2
AnfidandL : (1_1.000A viie 12_0.012A
At - mnsudininiidandulaneies axdudnszualiinfigninnsnlae

Adadiaanssualwia ( S ude SI2 )

o . Al ] -Jv [ A <
Fadunm : Warda MIX WanwAnzzugiiRdnlAaneniynad

Afd : MU1 uas MU 2
sunn - MU1 vt MU 2
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AfidandlLl : U1:12.34V  1iFa U2:12.24V
o o J i o ¢ 1 Jv T -
Harfdu - Adnaniiifidandulnesies Fududmdnldanieninnads

° o o ' - o o
fagunm - A1ds RUX MinanuteArdnaniWianvianasavuas

fafa: MI1 uaz MI2

sluang: Mi1 vse M2

ANRENAL : [1=+1.000A vida 12=-0.123A

i : nszualifindidandulaeiadeatusnszudifaian s

o . dj 3 40 L [
fadaunm - mde RIX MenuivAnszusbiiandimentd Suaningnilnld

. o
Aganauaziiu 11=_1.000A

Arda : TRU

st : TRU

Farfdn - fvuadrdna i geumssdadaf 1 uar 2 WiAWinAusuAm
AeNng

fnda : TRI

guluiy : TR

Harfd « AmvusAnrugiiosamssnedan 1 uas 2 Wildwindumdenis

A&e : SR1 Uas SRO

uuuy : SR1

Fafd : vinas enable Tum service request  IaghifinisulRenwlasla +
amuzmmqﬂmm‘"ﬁq:ﬁuamﬁtytqu SRQ ( service request )

suuuy : SRO

Wartdid : mMnaseni@niuug service request

Anda: STA

suluuy : STA

ﬂ"l‘?idqnﬁ'i_l : OP1/0OSR1/OER0/1CV1/CC1/CV2/CC2/RMO/
OP0 sandlanvinmila

OP1 gavdiavivnitin
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sQ1 uﬂmﬂmu:ﬂmqﬂmrﬁﬁulﬁ'ﬂuuﬂm( cv uliu cc via op1 W
s oPo Thadis) (azvinemuarizila SRQ Vi enable viedidndy 1,9A SR1)
sQo uledtyayns service request ( SRQ ) gnvinlX enable uanainhill
mrulasunlssomczeasiesile
ER0 'Liflanuiianann
? ER1 AtNTaugaiu
% CVA wdadneian 1 dnassnadnan e
| CC1 wesnadad 1 vinssanszudiniinaci
CV2 umdesngdal 2 MnedrednanWinaadl
CC2 undidnadad 2 insdnanssudininasi
RM1 snlnsalagTuluusiln
rRmo gilnsalhiagluimsilun

v ey A oo d
Warfdu : &lfatesdAngsfaniiuanuslaqiiuaeniean

fda 1 OP1 uAz OPO
fuluun : OP1

waridu : ainfieninnila
sluuu : OPO

AWy : andiewinnila

Anda: LR ( clear )

suuuy : CLR

A sn@nflafsiomateasies  uastnisdudubnienusaud ( zero
i status ) Whusitn Aduefabisnunsaenlduncaindeninia aiadnan v

nrzug tfnasgniadn Widugud

Ada : VER

suuuw : VER

ATIAaNAL : sw Vxxhw Vi 3000000 HAMEG /Paris KRP&VM

Wty « uasaaiiusassansifuazaniauafaaATed
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]
¢
3

‘ t

: A84 : ID?

L suluuy : ID?
ATIEINAL : HM8142-1

2. Programmable Multimeter 184155 HAMEG {u HM 8112:2 lifwiudas

wrfimafing 7 nelwih Taeiddpmquilaifunininauiuesuisuin - IEEE-488

]

i LA =< d' 3 J

{ Waridiu : URANTNTATUINLATEN
]

:'

|

A8
| ﬂoﬂﬁ"\! :VD
guuuy : VD
i : mrdaAdnaniinszuans
A : VA
guluu : VA
Waridu - medadnaniWdnssugadu
Andia : 02
guuuu : 02
Wty : msiaAtAUs NI
Ada: ID
suuuu ;1D
Waridu - mednlnianrsugas
Anda: 1A
' guluuu 1A
Waridu : medmWdnszuaady
fnda: TC
‘ suuuy :TC
farfd : metagouugfinuniesdos
Anda : TK
fluuy :TK
aridi - nrdngnamgiiuuLiaadu
Anda: TF

gy TR
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Warfi : medngomgRiuuuvusulest

AR : RX
guuwn - RX

Warfdiu : @andaanisindasing 4 Tag « X Aedasnasinisieanas Ae

R1 4931981
R2 241941
R3 daan
R4 1291981
R5 191981
R6 941281
Anda: AD / A1
Ui : A0 /AT

0.2Vdc.Vac, K
2 Vdc,Vac, K
20 Vdc, Vac, K
200Vvdc, Vac, K
1000 Vdc,vac, K
10000Vdc,Vac,K

ardu - hiiRendaridunislsfudanisindalnl®  ineadaidunisdiudaensin

S TH
é’nﬁ;q :TX
guuuy : TX

[ o -’ 4 o’
Warfdus - Rendneaiuazauaundnlunisuganai ifannnisin

T1 190981
T2 1981
T3 1931781
T4 191981
Anda - 20
guluuy : 20

100 ms NITURANKR 5 1/2 UAN

1 ms NITUAANIKNA
1 ms NMTUAAINS

10 ms MTUKAINR

Waridu : @anasdfuateeniin

Ada - SO
guuani i S0

Wartdu : Funisdanuusatiie

ﬁ°'lé"~1 : 81
guuu : S1

. . . d
Wy : vgan1sinuuLFaiiie

5 1/2 uan
6 1/2 uan
6 1/2 udn
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ﬁ'lﬁ"\l : MO

guuuy : MO

Warddu : @andewlaRinanitesd
Aadkd : MO — M9

guuuwl : MO ~ M9

Warld : 18andea 0 -9

F‘hﬁ;\l 110

guuu : LO

Warfiu . datanwazdaysusanusn
ﬁ']ﬁ'"xi L1

guluyn L1

Waridu dﬂ’iﬂqﬂfyfqamuﬁﬂnﬁm&a ( $eyaitinuazasnurazayludaysugenun
dquiﬂqaﬁLﬂumﬁd?unmq:ﬂfﬂui’ﬂqﬂuﬁﬂnﬁ 2)

pJuuuﬁﬂqaﬁdqﬁ’u autlrznaudaadays 2 uRendayn Inedeyausenusnar
Vrsnaudaesadnus 12 fa uasdieyeudenil 2 alsznauden dadnus 20 dadnusuan
fushdmeitiatedeys Tmﬂgﬂuuui’ﬂ:gaq:ﬁﬁ’nmu:ﬁ’qﬁ

X XOOOXXXE+XVDR1A0T1SO0QMOXOPOBO

Trediayaufanumaziiudayaiiliannnsdn ( +XXO000KXE+X ) uasfeyaudan
7 2 aufhuilelunsiaTeAtenFesousiadisieaiuies

fda: Qo

suluuu : QO

‘quf‘f;'u:'lﬂmﬁ'ryry'lm SRQ ( service request )

Ada: Qi

sduuy : Q1

Waridu : ddtyayrnds SRQ ( service request)

A INVIOOOOKKX

gL - NVXOOGKKKXX

A ;. omalfussaedasiussuiawy IEEE488  Taemdndnds NV
wiseasfindnardmausin 6 udniludiddmFnas iR

Ade : P1
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Juuuy : P1

Harftis - ugmeArgerin Auauaan R=X-C

Anda : P2

guuun - P2

Harfd : uamwlefinusiaouudissu Auauain R=100 (X-C)/C

Anda: P3

guuuu : P3

Harffu : ugae dB Amauain R=20 LOG (X/C)

Anda : P4

g : P4

Farfdi: ugae dBm AIL9UaIN R =20 LOG (X-C)

dla c=0775v dwiuddnaaiia waz ©=1.29 mA dmFudinzzusivii
Anda : PXEN

giuu : PXEN

Harfdis - \@anAndad X fudtad &1 P24 fldwiadu 1,2, 3 awdndu
Anda : ID? -
guuu : ID?

Farfd : Famedamngianfuses isasaLninEA A BNIATE

Anda : STA?

fuuu :STA?

Hard - MRS 1R ( %ﬂgauﬁﬂnﬁ 2)

Anda : DO/DA

suuun : DO/D1

Warfd : Tl / Sln wiihen

Anda : BX

sduy : BX

Pard :mr‘iwmmmﬁwﬁL‘é'ﬂnﬂ;*mmﬁw e X =1,....0A,....F

Anda - EOI

suluuy : EOI

Wty : wenWiiinnrdadtyeyroe EOI
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Arde : EOS1 / EOS2

gluun : EOS1/ EOS2

g - Reniiliayafideinzdedn EOST vie EOS2 Davihedieys
Aada : END

gthuini : END

r.‘r - o et ﬂx k74 o v
Haridy : an@nsednelaviesaitaye
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unn 4

P=) © 5 d
nqugmahauiugiuvesgilnsal

4.1 laleawiin¥icie P -N (P -N junction diode )
Fhilalannaietuainnisivergnsieimieiin N auduniaynIAazRaNIeNans

v v £ "3 v
unrtadn i badeasiadiuans P fuundas udedwiedaaendons lalealiailiiimum

Tunaraismnratindua=iinasliuiuetuninang

J &~ o o ' L 4
gl 4.1 dnenilanairnrainlansiiaisiauscdoydnend

4.1.1 qudnuazaninvedlalen

. 1 (mA)

71l 4.2 nemlusspudiniuiruninnszuaiuusduyesialen
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ﬁognﬁﬂﬂuﬁ’mﬁnmﬁuwum?ﬁqﬁ’flﬁﬁﬁm p Fafhudantua@duon) sadlalen gnas
A lufanilaanaaud dnd@nmuflugarsisiniaiin N %mﬂu%qm?nﬂ( ';Tfmu) Fufius
azgnsoasandilntangnludansaiseludanduly Tnenintilacfiednunitlalengniud
g enadiauiidndaamdniiiulaten dufunszusiivsiinllalasddiangouas
aedundumnasenlalanthuaud  winnsilateagnludenduazufeuedeuduiuoaniy
a2 ifinsus ety uasusdunnasenlalanssiimuiiuusdidudanduiitiodiilalen
hiﬁﬁﬁﬁqmﬂuﬁrﬂuﬁm&ﬂnfh InlamganAd ( ideal diode ) usig i Inleniiil dagase
sasfgniudannasinrzusiuad i uasiundusnadenlaleaiisudmisoegiudos

Ursanms 0.5 - 1.5 Taav dousmuzgniuganduasiinssuauariufesnbiftulasuesn]

J
4.2 NuFTAes
J « a & 3 | P S A 5 & J
eesdlrznaunmeuremeuidsnafaiafiauillnlenaesfasandiiaiuagdgli 4.3

c cl c
N
: P ()
N
E El E

NPN Type
C C . C
| P
5 e N { Y B
P
E E ‘ E
PNP Type

d % s g
i 4.3 TaseaFruiugusesmsruiamned
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Taadsnainsudawmesasil 3 11 Ussnaudieunasaninad ( Collector ) Mdtydnmal C a1
wg (Base) Watudnwal B uazan dfiwmef (Emitter) Wdtydnwal E usilun rafuNaATUaNLR

piner Uz davas 4 daluntsedunesylugli 4.4

O

Vee

v
=t

g 44 dusear 4 fafladfimefiduniaussuinBurmuaianing
o o - (JI’ o - [ 3
anwm:mmmqawmnmummﬂmugflm:qm‘lﬁ 3 WL A 2971LG TN MAFatinas
I ot P o < & 0 .
dn URNATASUSAIREMNLasfeRasiT i ame A didluanasueniin ( Active)

v
o~ ) 1 o A
urusnd NN asiasiidanugLin 4.5

E + — C
C \ — o
L
Input gl Output
B
O —0
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Ilc=lout

(n) NaszeanssuaivnIzug

l le=lout
N b

(1) NITVHENTEUALTUUNAL
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le=lout
Rc

Ib=lin
AAA p ‘\ C: Vsupply
Rb \‘\> Vee=Vout

Vin /

L 4

(A) MNasrenauriuuusiy
71l 4.6 2easlunsrndainaiiugu

Tugtn 4.6 (n) uaailanzugpeaARATINAMINNIINTZUSILIAANATE
ar o A 1 ol L) oo L.L
HFE Sausesdwaitlavnazdasnnndi 0.6 - 0.7 vV unduanaiaslalanwa - 8fimnaf)
xR a' a a’ﬂl = -1' .é’ ar g [} &' ]
nendamefAaRcFinin  nrzugresiarmeinauas bituusduWiReIasuAasIueg
funsrugudiRenatinuien mFendnrusilintunaseanssusg
- [ s d 3 - ﬂl p
WeRnmngurdsewiynaeaisameflughli 46 @) asnuduniunls
o ] LY 4‘ r"—i =| 8 tg
MNUNALANATENTaFIiuRessAme fillalinssuapasiamne S g wges s
. ;4 - . . 4o
fnsnrarneiuuvit dudfauaannssuadnaiduusdunaienivg  adausesiy
] a a e |8 t J Ql % ar a‘ @
vinasisAmefifauiuaiameF avwudn ensTuduaiRNTY UNAUTNASAIAAINATAZANANAY
Feanminemuundntunassanauuunduing (inverting Amplifier )
o 2 a gl < a4 @ o o el
dnousnsivendamefanuuuvinde  Widuseassensludnwosinfaau
uresdunmiiuussdseniaiinanndRa fgein 4.6 (a) UmAashiflauussduidiu 0.7 v
ar [ o -3 - : ’ v
uiunwalseanmmraain Widsanu@amatuld  dululunisldeudasluniazsie
A o 1 + L) o 1
wasuanunsubiidunszuanau udraatleuuninmudamefaanirldfasiuniuse

AUNTUALLLA



36

4.2.1 nnviguaniAvemsuBones
- e i
Fagnunsofiazuandldifegin 4.7

40
I = 200 gA

mA

0 .- - - L
1

20 / . S

Load line

4
10—/ /’—i N
2 l —

0 4}
0 0.1 0.2 0.3 0.4 0.5

Collector-cmitter voltage Vg, V

Collector current £ -

A asa (4 el o I'e
§1f 4.7 newlpnuaiinimuaiynremswiamaiiuad BC107

annsAuaifzemiiswmefiuef  BC107 Fhusnfingenmuriing
nIsuArealaAIaTTLIINAUAfaunesieaaTiUdlned  TnafinsruawsiuAisdiines
A 'lumqqmmﬁwmu%tmﬂfﬂ:ﬁm’lﬁlﬁ’mmmzuﬂmamamséﬁmmu‘lﬂr‘fmunuuﬂu
\ila Vbe fiAnnndn 0.7v ‘ﬂquﬂmdﬁn?xuaﬂﬂmmtmﬂ‘?'q::mﬁu'ﬂ"ﬂ'luﬁaﬁq‘ﬂm:umuﬂﬁimﬁq
ua:q:uléﬂulﬁﬂnr:ua1ﬂ‘élﬂu‘hjwhﬁ'u LinhlaalUmuusiduanaseunresiapnefiLEn

\mar

43 nnudmaesmnalvvh vsemin
nendanefamndinii Aa nendaeei e i lunmuRauw sanm

st WRamahnruadie B fonncan aeinllindandady
“mn “

winuieanifiu 2ngu As neulawmafauwiuuusessis (Junction Field Effect
Transistor Jvita 19 (JFET) uasnewdsimafaunnluiuunlaus- aanlad- gnafhadati
(Metal-Oxide-Semiconductor Field Effect Transistor ) viTe nagiin (MOSFET)
43.1 Inssarhaasnaidnyacvsasimin

mﬂmﬂuqﬂnmimfﬁqﬁqﬁﬁﬁﬁ 3 42 Aa 2988 (Source: S ) Famsu ( Drain: D )

uaz §91nn ( Gate: G ) |wiMnutivaanitlu 21lszinn Aauunusuuue N (N- channel ) wazuii
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WIAUUAP ( P - Channel ) nsindmzadismnadgiunisinamesiantiy N8N8 19
gunsanuAnmsiatenitdu Feuaileunislustesiifinaseu anda S ndida D A

. 4y o
nraLANIsL Wi G gl 4.8

Ohmic Drain(D)
Contacts

\ n - channel

Gate (G)

o—

Saurce (S)

P
717 4.8 uaadlaseaivzaamin

anglit 4.8 ulasa¥nzeaamnuuy N- Channel 49 S uazda D siaagiu
; o © = ] ar - ’-’/ 13 [ A 4 o 0 ] a’
grsneiningiia N Taesinumhdudalainda douda G sieagiudarsnefiaungia P uannag
o a‘l’ ' Ly =y o ] :’/ :’/
nrealaminlszimilnisnsaiunseanidu 2 neilae susuNAurindNga G uazda S
(Vg ) HAvinfuguduazanie Vg, fAudusy
432 ez V, fawmdugud
i J ‘ o ' 1 1 1 as o

NG 4.9 (llaaneun Vo, anuunasdnaWillAwinii Vo, lefvua Vg =0
- & < :’/ o 2 d':’f 4 []
Adnmrauazgningaaanumwda D dinszuanfamnnide nrzudine (1, Yuadnug
s n naraifunssuagaiotenite nrzustes (1) Aniumnaues [, il | uasdl

ANNLATLINIUTIBIUTLULA N HIFIRINANTSURAINAID
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Ve

n- channet

Vgs=0 vad

4 d . '
711 4.9 Watlauusii Vo, 1 Vg =0

Pinch off
/

Saturation level
Vos=0V

Vds=Vp

vgs=0

n-channel resistance

il

(n) (1)
21 4.10 (n) uannsMAATRTAINN

(1) ugaalasaFrnasrnanziinqaRudaen (Pinch-off )

i ar [ ¥ ] L A § 1 ‘Q' -x
ANzt 4.10(n) uansAMUATUTTINGN AL Vos AR 18 Vo AR
Waaindae (V,, < V) I, fezimaludneoeihudadu@ungaedai) sz vy ddm
'Y - s o, A o X P - X o ae
ATFMMILTaUaMnaziidAh (dis Vg Wiy tiFuoalssanmzazaangsiananau il

2 X
ANMUNANTAIUTULLARARY AIINBINUINIUAIANTL )



A‘ : - : 14 - : - -
TV, RN MR 4.10 (1) swinliuFennisaawmzia 2 vifnhulis
o J A -~ " J -I 1 3 o - .
s Jumdendn qaRadas (Pinch-off) AN V,, NeatlFendr unduiudes (Pich-off
- .‘ - J ' -1 - X
Voltage : V) 1, S=an5aNea (I vfasnmmiaming |, gagaraaamin dn I, diamuls

o
fla Vg = OV U8T Vo >V,

433 vaz vV, dauiluay

I ('W‘ Locus of pinch-off values

n - channel
£ - Sy
Ohmic | Sauration Region .
Region |
S/ . VaswOV
g
6 f "
s 1
n A VegmelX
y P Vgs >0V 311
Vgs=1V 2 — Vocmo2V
1 Wesm=-3V
Vos=-4 V=l
[ L 4
=+ of ¢S 10 15 20 2 Vas (V)

Y, (for Vo mGV)

\

() (1)
11li1 4.1 (n) usalanaFraaamn dia Veaiuay

(1) usAINFINAITUEURUSTINININTSURALILINAY

Vg, Fuiuuseduitlfnoumuiaminiiaomdniudin | uas v, dudaeiu |
TAMMNRNALENIL | U8 V.

SN ULILTULLA n WAL VA HRuquidTuay angLli 4.11(n)
esne v =1V aoilih 6 Wunrludandy whenlseawmzienedia vinlissay
MIBUAIT8Y | (1) BARY AT Vg ﬁ?:ﬁuéuﬁqﬁrhﬂﬂmﬁw(mungnaﬁﬂﬁm) riquLI'?i
4.11(1) uﬂ:ﬁﬂﬂQéﬂﬂ'] e v s TunmEAL Anfurn V, Raasnmifunlans
aaAuTaen (Locus of Pinch-off Value ) Suisnmauziflunimtuan & v, fiAnaLATY

TR AUATI Vg, =V, azli [, =0 mA
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anduanileredaiareriiudeanAatifonidusa (Saturation Region il
Mantuaastensas Bdynueenuidu@adu (wasenasadynyinaevinabitied )
1 o oy ﬂ' o < . 4 ) L]
fnafiutiFnduirememiamas BJT Rbismnrmi il lunreenadyminls mezas

i Widunuevinae
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a
UNN s

mseenuuurasmsvaullsunsuniun

Tunr@eultlsunsuaatauirtesnsiassuamaiAguUnsaisifnmseiindiiuas

, . . fywy
uaanitlu 2 dade nsdaulusunsy Delphi  WaruqugUnal GPIB HelAud Power

Supply U8z Multimeter uazAndauniisszidunsdaullsunsulilasneulnsaines (Mcs-51)

J o - 1 i - - A L 1 -« L4
avinn1sFuAuazdAnALFaAILRM (Controller ) TazanunsaaBunaluusasdausdil

5.1 mstvouTlsunsunungihudiuvedhiinsneulnsaes

Circuit Bias
Diode, Transistor

GPIB BUS

1
—
~—3
| —

PC Controller

A e 1 ol — - &
71/ 5.1 uamq Block Diagram Tugantechilnrraulnsaisaifovianuasualmes

angUit 5.1 azusaalihud ludouzachilaseeulnsaned PuazufFey
wlawtlufafu (Listener) ugssiagy (Talker) favikesssuuTasasTidumineninsg Aun
fernld  Feazpenfudidiidunandaauny mdaidanazdufidminsgiutessuy
GPIB AL e AL umguL
Tunmndauhlsunsuaiuguetnsaiuussnnisnnsg s IEEE-488 (GPIB ) AT
ﬁi"l’umau'lunﬂ?ﬁmﬁiﬂszwhmﬂnmiﬁ’wumuus:uuﬁaiﬁﬂLﬂW'\: {nansedadoyrynod ATN
(Attention ) Fufhifrunnuitldlunisaina Funsusanaiaaziteen @iy 2 a1 Aa
1. daafeyryros ATN Haadniilu Low
ﬁ'iﬂ:;gaﬁqnd\mquuﬂ’ﬂ'lwﬁwﬁﬁrgtmm ATN feedniilu Low asmnefieddafiiiiumia

ANFNAITEILLEN [EEE 488 ANA1TR 2.1 Tnasaandaluaadi® o uas 1 aziluAndan
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UNL (3Fh) (Unlistenner) slamauguasinniniaasigunsaivnsisasnannis
o luszuy

MTA (55h) (My Talker Address ) flarauiguazudiamiarataiiedlunisia
ﬁiﬂﬁ’uqﬂn?m“ﬁlﬂum?u ‘Iﬂﬂﬁqmuquq:ﬁmﬁﬂﬁkﬂus‘l’qdqﬁﬁuﬂmma 21 (21+40h=55h)

OLA ( Our Listener Address ) '-Tqmuauﬁ'lm?ﬁnsiaﬁuqﬂmm'ﬁv‘huﬁﬂﬁkﬁu
safumiuemaraiths 1 (1+20h=21h) ﬁ’qi"uﬁﬁuﬂmLmaﬁ’qnmqq:f’uf’hﬁ’qmuauv'fmm?ﬁm

] ‘J 2 0 [ 4 o
fa lWﬂ‘lWVl'lﬂ']Ti‘l_l‘ﬁﬂHﬁYld\iiNN']lJulJﬁ

‘J g [ ‘J
gt 52 azusmiviadenin  Adeullsunsupunnludoausadhilas
1 v
paulnsaiaaf Tluniiinselunnsgns IEEE488.2 tiuazdaniinige uauslia(Handshake)
L 4 v L 4
Mmnaf didsiinsfianaaifistussuuazanidnnisuasiida 1 lunsdediayaainsianau

Y . d oo 4o o &
A MuazdaiupluinAidees GPIB md i unisacuquaiidail

ibclr =9 Lﬂuﬁ'lé"qﬁ'l'ﬁ‘lun'1?muqu'luqﬂn?tﬁﬁﬁiﬂ'lu?:umg:'luﬂmo: Remote
ibloc=> fhudndaim WgUnsaindunnasusniaz G
ibwrt “SG” "9 Lﬂuﬂ"ﬁﬁ"qﬁ'l'ﬁffmamamﬁnmoiode feasiniasaslusadmasasdmiu
Inlanly
ibwrt “STN" = sl unsianen@amesaiia N
ibwrt “STP" = ThufdefiWlunisiamemBamasaiia P
ibwrt “SFN* =P fhufda un1+inFET 9ia N
ibwrt “SFP" = flusndeii i lunsIarET 1iin P
ibwrt “STEST" =¥ fhusdeit ¥ lunsimndunimassgunsaiidesnimsuitwnia
mdmimedawmas
ibwrt “ST:1" = dhisrdeitdlunn@entunszus 18 fAvinl 10 uA
ibwrt “ST:2" = fhiindaidunn@antunszua 18 fduviau 100 uA
ibwrt “ST:3" = Thuddeililunn@anttunszud 1B Hdwiaiu 1 mA
ibwrt “ST:4" = {huddei i luntsidentunszua 1B fAwindu 10 mA
ibrd D fusditlunrdnAainiaiammageny feazdaays 1 byte ndu

gy Computer WananaeasgUnsadn (lunsdiremmuiamaf)
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A

Bias Circuit
for Diode

71171 5.4 ugaa Flowchart lumsitdediayanu Controlier

”
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Handshake
for Talker

Bias Clrcuit = Bias Circuit E=
for FET Type N for FET Type P :

71l 5.4 (si9) uana Flowchart Tunsfugediayaiu Controller
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Handshake

Set
NDAC=Low
NRFD = High

Yes
v No

7l 5.5 waaaiiminlunsuaudidalunisiudayssndanaunu



48

Handshake: ==
For Talker

Datato the pg=

No

is
NRFD=High

Yes
v
Set Status Set
= Error

DAV=Low

Yes

v

Set

g e T

¢=1 a [ & v & o s
71 5.6 usandsimluimsuaudiialunsdadiaya Wiiudaaaunu
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s lunsdendisunsiludoumesmsuauiidalunsindeys
HAND_CHECK: PUSH DPH
PUSH DPL
PUSHR?
PUSH R2
MOV DPTR#PORTC

MOV A#08H
MOVX @DPTR,A ; set NRFD=High , NDAC=Low

MOV R7,#30h
DAVO: MOV R2,#00h
DAV: DINZ R2,DAV_1

DINZ R7,DAV0

MOV RS5,#00H

POP R2

POP R7

POP DPL

POP DPH

RET

DAV 1:  MOVX A,@DPTR
ANL A #40H
CINE A #00H,DAV ; DAV=Low ?
MOV DPTR#PORTCL
MOV A #06H
MOVX @DPTR,A ; SET NRFD=LOW
MOV DPTR#PORTCL
MOV A #05H
MOVX @DPTR,A ; SET NDAC=HIGH
MOV DPTR #PORTA
MOVX A,@DPTR
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50

CPLA
MOV RS5,A
MOV DPTR#PORTC
DAVI1: MOVX A,@DPTR
ANL A #40H
CINE A#40H,DAV]1 ; check DAV=Hi?
MOV DPTR#PORTCL
MOV A #04H
MOVX @DPTR,A ; set NDAV=Low

mov a,#07h
movx @dptr,a
POP R2

POP R7

POP DPL
POP DPH
RET

o [] al L) ¥
Fatiwnislsullrunsuugonsssmsuauiida unirdadays

CHECK_SEND: MOV A #83H
MOV DPTR #PORTCL
MOVX @DPTR,A
MOV DPTR#PORTCL
MOV A #0DH
MOVX @DPTR,A ; SET DAV=HIGH

cc: MOVX A,@DPTR ; CHECK NRFD , NDAC
ANL A#0CH
CJNE A#0CH,SEND

lcall delay



et B i b I o T L

oo e TR TR TN TR e W ot e e

SEND:

CHECK_NRFD:

NDACI:
NDAC2:

CHECK_NDAC:

51

ljmp cc

MOV DPTR#PORTA
MOV AR5

CPLA

MOVX @DPTR,A

MOV DPTR#PORTC

MOVX A,@DPTR

ANL A#08H

CINE A #08H,CHECK NRFD ; check NRFD=High ?
MOV DPTR#PORTCL

MOV A#0CH

MOVX @DPTR,A ; SET DAV=LOW

MOV R7#30H

MOV R2,#00H

DINZ R2,CHECK_NDAC

DINZ R7,NDACI

RET

MOV DPTR,#PORTC

MOVX A,@DPTR

ANL A #04H

CINE A #04H,CHECK_NDAC ; check NDAC=High?
MOV DPTR#PORTCL

MOV A#0DH

MOVX @DPTR,A ; SET DAC=High
RET
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Load DLL =
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Set Voltage &3
0.04/Step

Increment 1 =
Step
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Load DLL [

Set Number of Lines =
4-9 lines =

e e
e = =

All Step = 50 Step [

Keep Value from |z
Meter IC,VC

Increment line =
1line
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Win32 Interactive
Control Utility

Overview

This chapter introduces you to Win32 Interactive Control, the
interactive control utility you can use to communicate with GPIB
devices interactively.

With the Win32 Interactive Control utility, you communicate with the
GPIB devices through functions you enter at the keyboard. For specific
information about communicating with your particular device, refer to
the manual that came with the device. You can use the Win32
Interactive Control utility to practice communication with the
instrument, troubleshoot problems, and develop your application.

The Win32 Interactive Control utility helps you to learn about your
instrument and to troubleshoot problems by displaying the following
information on your screen after you enter a command:

» Results of the status word (ibsta) in hexadecimal notation
» Mnemonic constant of each bit setin ibsta

+ Mnpemonic value of the error variable (iberr) if an error exists
(the ERR bit is set in ibsta)

» Count value for each read, write, or command function

» Data received from your instrument

Getting Started with Win32 Interactive Control

This section shows you how to use the Win32 Interactive Control utility
to test a sequence of GPIB calls.

To run the Win32 Interactive Control utility, select the Win32
Interactive Control item under Start»Programs»GFPIB Software.

© National Instruments Corporation 6-1 GPIB User Manual for Windows 95/Windows NT
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Chapter 6

GPIB User Manual for Windows 95/Windows NT 6-2

Win32 Interactive Control Utility

When the Win32 Interactive Control utility starts, it displays the
following banner message:

Win32 Interactive Control
Copyright 1996 National Instruments Coxporation
All rights reserved

Type “help’ for help or "q’ to quit

First, you must open either a board handle or device handle to use for
further GPIB calls. Use ibdev to open a device handle, ibfind to open
a board handle, or the set 488.2 command to switch to a

488.2 prompt. For help on any Win32 Interactive Control command,
type in help followed by the command, for example help ibdev or
help set.

If you want to use device-level calls, open a device handle using ibdev.
The following example shows you how to use ibdev to open a device,
assign it to access board gpib0, choose a primary address of 6 with no
secondary address, set a timeout of 10 seconds, enable the END
message, and disable the EOS mode:
sibdev

enter board index: 0

enter primary address: 6

enter secondary address: 0

enter timeout: Tl0s

enter ‘EOI on last byte’ flag: 1

enter end-of-string mode/byte: 0

udol:
If you enter a command and no parameters, you are prompted for the

necessary arguments. If you already know the required arguments, you
can enter them from the command line, as follows:

:ibdev 0 6 0 T10s 1 0

ud0:

The new prompt, udo, represents a device-level handle that you can use
for further GPIB calls. To clear the device, use ibclr, as follows:

ud0: ibclr
[0100] (cmpl)

© National Instruments Gorporation
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To write data to the device, use ibwrt, as follows. Make sure that you
refer to the instrument user manual that came with your GPIB
instrument for specific command messages.

ud0: ibwrt
enter string: ®"*RST; VAC; AUTO; TRIGGER 2; *SRE 16"

{0100] (cmpl)
count: 35

Or, equivalently:
ud0: ibwrt "*RST; VAC; AUTO; TRIGGER 2; *SRE 16"

[0100] (cmpl)
count: 35

To send a trigger, use ibtrg, as follows:

udl: ibtrg
[0100] (cmpl)

To read data from your device, use ibrd. The data that is read from the
instrumeat is displayed. For example, to read 18 bytes, enter the
following:
ud0: ibrd

enter byte count: 18

[0100] (cmpl)
count: 18

4e 44 43 56 20 30 30 30 NDCY 000
2e 30 30 34 37 45 2b 30 .004 7R+ 0
0a Oa .« .

Or, equivalently:

ud0: ibrd 18

[0100] (cmpl)

count: 18

4e 44 43 56 20 30 30 30 NDCV 000
2e 30 30 34 37 45 2b 30 .0047E+0
Oa Oa o o

When you are finished communicating with the device, make sure you
put it offline using the ibonl command, as follows:

ud0: ibonl 0

[0100] (cmpl)

© Nationa! Instruments Corporation 6-3 GPIB User Manual for Windows 95/Windows NT
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The ibonl command properly closes the device handle and the ud0
prompt is no longer present.

Win32 Interactive Control Syntax

Number Syntax

String Syntax

The following special rules apply to making calls from theWin32
Interactive Control utility:

e The ud or BoardId parameter is implied by the Win32 Interactive
Control prompt, therefore it is never included in the call.

*  The count parameter to functions is unnecessary because buffer
lengths are automatically determined by Win32 Interactive
Control.

»  Function return values are handled automatically by Win32
Interactive Control. In addition to printing out the return ibsta
value for the function, it also prints other return values.

» If you do not know what parameters are appropriate to pass to a
given function call, type in the function name and press <Enter>.
The Win32 Interactive Control utility then prompts you for each
required parameter.

You can enter numbers in either hexadecimal or decimal format.

Hexadecimal numbers—You must prefix hexadecimal numbers
with Ox. For example, ibpad 0x16 sets the primary address to
16 hexadecimal (22 decimal).

Decimal numbers—Enter the number only. For example, ibpad 22 sets
the primary address to 22 decimal.

You can enter strings as an ASCII character sequence, hex bytes, or
special symbols.

ASCII character sequence—You must enclose the entire sequence in
quotation marks. -

Hex byte—You must use a backslash character and an x followed by the
hex value. For example, hex 40 is represented by \x40.

GPIB User Manual for Windows 95/Windows NT 6-4 © MNational Instruments Corporation
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Special symbols—Some instruments require special termination or
end-of-string (EOS) characters that indicate to the device that a
transmission has ended. The two most common EQS characters are \r
and \n. \r represents a carriage return character and \n represents a
linefeed character. You can use these special characters to insert the
carriage return and linefeed characters into a string, as in
"F3R5T1\r\n".

Many of the NI-488.2 routines have an address or address list
parameter. An address is a 16-bit representation of the GPIB device
address. The primary address is stored in the low byte and the secondary
address, if any, is stored in the high byte. For example, a device at
primary address 6 and secondary address 0x67 has an address of
0x6706. A NULL address is represented as Oxffff. An address list is
represented by a comma-separated list of addresses, such as 1,2, 3.

Win32 Interactive Control Commands

Tables 6-1 and 6-2 summarize the syntax of NI-488 functions in the
Win32 Interactive Control utility. Table 6-3 summarizes the syntax of
NI-488.2 routines in the Win32 Interactive Control utility. Table 6-4
summarizes the auxiliary functions that you can use in the Win32
Interactive Control utility. For more information about the function
parameters, use the online help. If you enter only the function name, the
Win32 Interactive Control utility prompts you for parameters.

© National Instruments Corporation 6-5 GPIB User Manual for Windows 95/Windows NT



Chapter6  Win32 Interactive Control Utilily
Table 6-1. Syntax for Device-Level Ni-488 Functions in Win32 Interactive Control
Syntax Description

ibask option

Retum configuration information where option is a mnemonic for a
configuration parameter

ibbna bname

Change access board of device where bname is symbolic name of new.
beard

ibeclr

Clear specified device

ibconfig option
value

Alter configurable parameters where option is mnemonic for a
configuration parameter

ibdev BdIndx pad
sad tmo eot eos

Open an unused device; ibdev parameters are BdIndx pad sad tmo
eot eos

ibeos v

Change/disable EOS message

ibeot v

Enable/disable END message

ibln pad sad

Check for presence of device on the GPIB atpad, sad

ibloc Go to local

ibonl v Place device online or offline

ibpad v Change primary address

ibpct Pass control

ibppc v Parallel poll configure

ibrd count Read data where count is the bytes to read

ibrda count

Read data asynchronously where count is the bytes to read

ibrdf flname

Read data to file where £1name is pathname of file to read

ibrpp Conduct a parallel poll
ibrsp Return serial poll byte
ibsad v Change secondary address
GPIB User Manual for Windows 95/Windows NT 6-6 © National lnstruments Corporation




Chapter6  Win32 Interactive Control Utility

Table 6-1. Syntax for Device-Level NI-488 Functions in Win32 Interactive Controt (Continued)

Syntax Description
ibstop Abort asynchronous operation
ibtmo v Change/disable time limit
ibtrg Trigger selected device
ibwait mask Wait for selected event where mask is a hex or decimal integer or a list of

mask bit mnemonics, such as ibwait TIMO CMPL

ibwrt wrtbuf Write data
ibwrta wrtbuf Write data asynchronously
ibwrtf flname Write data from a file where £1name is pathname of file to write
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Chapter6  Win32 Interactive Control Utility
Table 6-2. Syntax for Board-Level N1-488 Functions in Win32 Interactive Gontrol
Syntax Description

ibask option

Retumn configuration information where option is a mnemonic for a
configuration parameter

ibcac v

Become active Controller

ibcmd cmdbuf

Send commands

ibcmda cmdbuf

Send commands asynchronously

ibconfig option
value

Alter configurable parameters where option is mnemonic for a
configuration parameter

ibdma v Enable/disable DMA
ibeos v Change/disable EOS message
ibeot v Enable/disable END message

ibfind udname

Return unit descriptor where udname is the symbolic name of board
(for example, gpib0)

ibgts v Go from Active Controller to standby
ibist v Set/clear ist
iblines Read the state of all GPIB control lines

ibln pad sad

Check for presence of device on the GPIB at pag, sad

ibloc Go to local

ibonl v Place device online or offline
ibpad v Change primary address
ibppc v Parallel poll configure

ibrd count

Read data where count is the bytes to read

ibrda count

Read data asynchronously where count is the bytes to read

ibrdf flname

Read data to file where £1name is pathname of file to read

GPIB User Manual for Windows 95/Windows NT 6-8
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Table 6-2. Syntax for Board-Level N1-488 Functions in Win32 Interactive Controf (Continued)

Syntax Description
ibrpp Conduct a parallel poll
ibrsc v Request/release system control
ibrsv v Request service
ibsad v Change secondary address
ibsic Send interface clear
ibsre v Set/clear remote enable line
ibstop Abort asynchronous operation
ibtmo v Change/disable time limit
ibwait mask Wait for selected event where mask is a hex or decimal integer or a list
of mask bit mnemonics, such as ibwait TIMO CMPL
ibwrt wrtbuf Write data
ibwrta wrtbuf Write data asynchronously
ibwrtf flname Write data from a file where f1name is pathname of file to write
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Table 6-3. Syntax for NI-488.2 Routines in Win32 Interactive Control

Routine Syntax Description
AllSpoll addrlist Serial poll multiple devices
DevClear address Clear a device
DevClearList addrlist Clear multiple devices
Enablelocal addrlist Enable local control
EnableRemote addrlist Enable remote control
FindLstn ‘padlist limit Find all Listeners
FindRQS addrlist Find device asserting SRQ

PassControl address

Pass control to a device

PPoll

Parallel poll devices

PPollconfig address dataline
lineSense

Configure device for parallel poll

PPollUnconfig addrlist

Unconfigure device for parallel poll

RcvRespMsg count termination

Receive response message

ReadStatusByte address Serial poll a device
Receive address count termination| Receive data from a device
ReceiveSetup address Receive setup

ResetSys addrlist Reset multiple devices

Send address buffer eotmode

Send data to a device

SendCmds buffer

Send command bytes

SendDataBytes buffer eotmode

Send data bytes

SendIFC

Send interface clear

SendList addrlist buffer eotmode

Send data to multiple devices

GPIB User Manual for Windows 95/Windows NT
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Table 6-3. Syntax for NI-488.2 Routines in Win32 Interactive Control (Continued)

Routine Syntax Description
SendLLO Put devices in local lockout
SendSetup addrlist Send setup
SetRWLS addrlist Put devices in remote with lockout state
TestSRQ Test for service request
TestSys addrlist Cause multiple devices to perform self-tests
Trigger addresé Trigger a device
TriggerList addrlist Trigger multiple devices
WaitSRQ Wait for service request
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Table 6-4. Auxiliary Functions in Win32 Interactive Control

T WS T TS WA M eI butireben T

Function Description

set udname Select active device or board where udname is the symbolic name of the new
device or board (for example, devl or gpib0). Call ibfind or ibdev initially
to open each device or board.

set 488.2 v Enter 488.2 mode for board v.

T— CNANR v O e

help Display the Win32 Interactive Control utility online help.

help option Display help information about option, where option is any NI-488,
NI-488.2, or auxiliary call (for example, help ibwrt of help set).

! Repeat previous function.

]
- Turn OFF display.

+ Turn ON display.

‘| n * function | Execute function n times where function represents the correct Win32
‘ Interactive Control function syntax.

n* ! Execute previous function n times.

$ filename Execute indirect file where £ilename is the pathname of a file that contains
Win32 Interactive Control functions to be executed.

buffer option| Settype of display used for buffers. Valid options are full, brief, ascii,
and of £. Default is full.

q Exit or quit.
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' Status Word

Chapter6  Win32 Interactive Control Utility

In the Win32 Interactive Control utility, all NI-438 functions (except
ibfind and ibdev) and NI-488.2 routines return the status word
ibsta in two forms: a hex value in square brackets and a list of
mnemonics in parentheses. In the following example, the status word is
on the second line, showing that the write operation completed
successfully:

ud0: ibwrt "f2t3x"

{0100] (cmpl)

count: 5

ud0:

For more information about the status word, refer to Chapter 3,
Developing Your Application.

Error Information

If an NI-488 function or NI-488.2 routine completes with an error, the
Win32 Interactive Control utility displays the relevant error mnemonic.
In the following example, an error condition EBUS has occurred during

a data transfer:
w

ud0: ibwrt "f2t3x"
[8100])] (err cmpl)
error: EBUS
count: 1

ud0:

In this example, the addressing command bytes could not be transmitted
to the device. This indicates that either the device that ud0 represents is
powered off, or the GPIB cable is disconnected.

For a detailed list of the error codes and their meanings, refer to
Chapter 4, Debugging Your Application.
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Chapter6  Win32 Interactive Control Utifity
¥

i Count Information

|
|
1

|
|

When an I/O function completes, the Win32 Interactive Control utility
displays the actual number of bytes sent or received, regardless of the
existence of an error condition.

If one of the addresses in an address list of an NI-488.2 routine is
invalid, then the error is EARG and the Win32 Interactive Control
utility displays the index of the invalid address as the count.

The count has a different meaning depending on which NI-488 function
or NI-488.2 routine is called. For the correct interpretation of the count
return, refer to the function descriptions in the NI-488.2M Function
Reference Manual for Win32 or the online help.

GPIB User Manual for Windows 95/Windows NT 6-14 © MNational Instruments Corporation



A ko e g w——

T B ey Y e e

- R

T T wrmle—

fadnsaulseona

Tumainlarauiuiidrfagialufosfdesaraunssanl sa.ns. s §ardanl
aal da vo ° ° 9 ' o a X
graslinen Al¥A i lumsinlarau asesaunisufilyuisnifiaiu. uazee
ry P ° o o o 4 I3 -1 vy 9 <y
saupnuieuiduiadlauasAuusitsineyunsinlasenil saupnudmive

- a a a d' Ll GJ 3 - o
panRamainadisnnselindn WEiuguUnsalluntmanes  wazaaidogTuntsRudsenu
ar A’ v o < 1 % <l
afuiidnFanaei
. o -
gavneteteuAm Aruve A RIFWNraiuayunsAnsudsRlaanaenin

(we 1enang audeadns )



TR P vt e

———

UIIANYNIH

1. AuA 1IBUSTTNeAIY. GPIB (IEEE488) tadumasasnnsgiuuasmsl¥ sasil asu

Anmed (wqumaw, Famaw, fusou ) wi 214 - 218,201-207 ,196-201.

Ao o
2. UNAD  UUTAU.

a ) oy o o - <
:‘fai'mimszwﬁ'aumsgm TneinusIRInTTMaATUNIHdA, ANTIAINTIN
4 as - 9 % -
aas f'(ﬂ'l‘].l'umﬂI'uIﬁUﬂ?%i}ﬂmﬂﬁ'lﬁ‘]"lﬁﬂlﬂﬂ’ﬁﬁ'lﬁﬂizll\i “]‘Jﬂ’liﬁ’ﬂ‘lﬂ’l 2540.

3. Eugene Fisher, C.W. Jensen PET/CBM and the IEEE488 Bus (GPIB ), Berkley, Osborne

McGrew-Hill, Inc. 1982





