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determine th€ funcbonalHy of l:ransistorsr thdr corre~>pond!nq characteristic curves If<fi!! 

to be seen, The use of a computer to generate varying vo!tagl..-:! signals to the base 

the collector of the transistor under test \Nhlle measuring its collector current for each 

forms a tabte of va!'ues bylNhkh the output characteristic graph codd be drawn. This 

carried out \Nith the aid Df a designed cin::ult and a 'Ndtten softv.;are> 
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CHAPTER 1 

INTRODUCTION 

1,0 BACKGROUND 

about dramatic changes in thf3 complexity and size of e!ectronk.: drcuits and 

sometlrne 'y'et and are making it increasingly dlfncu!t tD adequately define tests 

procedures, At the sarne tirne{ testing occupies an increas~ngfy Important place 

and In maintenance nnd Held s€Nices, >Nhere It is needed to provide diagnostic 

~nadeQuate the manufacturing process can be even more 

in the long run, The choice of a testing strate9Y is a matter of 

rates{ and the consequenUa! costs Df falHng to find faults at 81"Yy' parUcufar stage 

in production, This computer aided transistor curve tracer (CABCT) is zm 

undersl:ands it better than one 'who just hears about it Also the one viho 



participates in itl has an even bettr!' chance of both understarHjjng 2nd 

aspect of their COlUSC; due to una\iaHah!!H:y of many expe ri menta! fdcilities. 

emphasize thf: relevance ofexperlmcnts in academic programs as it: brings ahr'!l iI-

This cost effective product (CASeY) wodo afford the student the opportunity to 

visualize vvhat has been l:au<;Jht theoreth:a!!y, Considerinq the current rapid 

spread in cornputer Hteracy aO around the \-vodd, it VIas thought yVfSe to make a 

provbion fel( inl:erfadfl9 the curvr tracer circuit yvith a c.ornputer that has a 

paraUel porI: avaHablB on jt This 'Nuuld make it Hex.ib!e and can be used 

anyv1here there is a computer, 

1.0.1 TRANSISTORS 

The TranSistor is a circuit (ornponc'nt (usually vv!th three leads) that can serve 

semiconductor device used fn amplifiers, QsClllator5} and contro~ circuits lnv'1htch 



current fkwv tS mO'dulated by voltage or current applied to electn)<:iesv The ::e 

leads of a transistor arB the emittBrl basB) anti collector, and in the most 

comrnnn rnode of operation" ~i large current rlO\.!>! bchveen the collector and 

the base, The current can be turned on and off r caUSing the transistor to behave 

from radios to robots, They ha\i8 bNO key prope!t~es; 

.1.) They em arnpHfy an eiectrica~ Signa! and 

1.0,2 TYPES OF TRANSISTORS 

There are three rnain classifications of transistors each \-vlth its own symbds{ 

characteristksl design parametersl and appHcatinns 

-4 Bipolar junction transistors are considered current driv'en devices and 

havE relaUve!v It/v"! input knpedance, They are avaddb!e as NPN or PNP 

h";PF:S, ~j,"l'.'e d0S. '( .. ] ",?f.' .. <"l'1.· rescdbf!:C: t~.,~ nol:.-'!"!'v n)f the <;;:p",..,lcond' '(tc·r "-" ~_ l_ ~.l llWU<,.;! '--I .. ~ll .• ~ .. I)", p "" L.'f .': j,,,- ·.J_lHl " ' • .<<"';." .• / 

rnateria! used tofi:'lbrlcate the transhtor, 

8!< Field Effect Transistors; FET\, are referred to as VQltage driven 

deAces 'Nhich have high input impedance< Fk!d Effect Transistors are 

further subtHv!ded intO' hvo c!assHlcatIDn5: 



OJ< Insu~ated Gate Bipolar Transistors., kno\:vn as IGBT\!, arc l:hc~ rnost 

nf both the Hipo!arTranslstor vilth the cap2citi\fP. (:oupk~df high impeddnce 

1.0.3 U4PORT ANCE OF TRANSISTORS 

:In microchlps todaVt \Nhich contak'r mWions of tmnsfsfnrs 'lntegrated' t{};y:ther ~n 

transistors that{ In turn; drhle others: and sO' on. Build the. sequence one 'Nay and 

the chip can be maclf' to arnpHfy weak antenna slgnals into rich quadraphnni<: hi-

f1deW:V sound, Buik1 the chip differently; dnd the transistors lnterad to create 

timers to control watches or mh:::nY>!Jdve O\len~ or sensors to !llonitor 

temperatures; detect intruders; or control ({w v,;he.e!s from IDCKlnq (ASS 
" , 

each other{ or systems that transmit voicer data) graphlcs and video to rnake our 

communications netvlJorks, It rnay take a score of tmnsbtors" interconnected in 

But put Bnough trar!sistors together In appropdate p:A:terns and tr3nslstors end 
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up knock off b!q jobs hy woddnq fast -- svvltchlng nn and off 100 mlH10n times PCI' 

dn::uit srnaner than a cornflake. 

1JJ.4 TRANS!STOR CURVE TRACER 

A Transistor Curve tracer is an instrument designed to physit:0Hy measure 

for varyingva!ues of base C:UfrE'nts, This data is typically graphed \r'.fjth vo!t2pe on 

the X<x<is and current on the Yaxrs" The resulting graph Is usually in the form of 

between voltage and current for a given load. Thls relationship is often called a 

characteristic lS different frorn that of a known good device to another" this 

ViQu!d usuaHv indicate some sort of rnalfuncUon (failure). , . . 



• Output characteristics --- This iHustrates the charges that occur In 

against collector ! emitter voJtage for constant \/alues of base I erdttcr 

* input ci1ah1ctetistfcs ... This ShUNS the v,mv 1f! v'lhh:h the ba::.;e current 

voltage remaining constant 

Q MutfJlf1! characteristic '.'-- This s!lo\evs the changes in cc4!ector current 

* Current Transfer characteristics ~ This shol.!<J the V.JIJ''/ the collector 

1.1 OBJECTIVE OF STUDY 

a) This pruject IS aimed at promoting better learning, It tnvo!ves Desiqn and 

CGnstructkm cl the computer Aided BIpolar lund:ion Transistor curve 

tn:Ker s"vhich has b:::f.:~n carefuBy deve}oped to aid tb:J 3rd or 4th year 



and their acUon, This experimentat project (described in this repcrn ;,~ 

m-eant to encourage industdous incHv!dua!s to buHd sknp!€ inexpensive 

apparatus that v10uld be valtk1b!e for the training of students, 

b) If a {Jood practical circuit that uses a BJT needs to be designed; its deslpp 

1.2 SIGNIFICANCE 

a) Curve tradn~J i~:; a valuable and powerfui tno{ br fallure anaiysts and 

bJ It provides an objective and non~destnJct!ve way to €::x:arnine e!ecixon%c 

components. 

c) A design engineer might use the Transistor curve tracer to coBert f ':,.;'U1 

d) A paCKaging Enq!neer mi9ht need to cUlve trace to verify the conect 

continuity in a transistor 

e) A semiconductor failure ,;:ma~y$t's job JS It) deterrninc the root cause of 

faHures in integrated circults, frf:quent!Yf failures are received from l:he 

7 



FHJd\ \VC nCed to knc},N more specifically v'lhere the problem Hes,?>, lur 

and objectively, Supply current can also be measured under 'Jar"inus 

(onditirH)S to gke more inforfflation, Eventually 2m analyst can cor'lfirrn 

and nan(f~'>'j dCl'\:,vn the posslble !m::aUon of a givEn faHure before 

f) A rdiabWty engineerm!ght U${~ a cUr\.le tracer to tef! him which pins are 

;>,:p;, in -the rt,..,dpp"rl;'s 
... Y. ..... • • .A ...... >.v~~<! ~< ~ h· 

aHo\vs him to make ((!Commendations to irnprove the reHabWty and 

surv'ivablHty of the product 

9) This project centered on the design and construction of the Computer 

Akied Bjpdar Junction Tranststor Curve TraCer (CABeT), !s a uSeful projeCt 

for both students and professionals using the BJT 

13 STATEMENT OF THE PROBLEM 

A plot of charader!stlc curves giVeS a more completE picture cl '>Jvhat: can b::-: 

expected fronl a func:Uona? BifK)!ar TranSistor than just passive testing of its 



RetaUers 0nd buyers of the BJT want to he sure that the BJT they purchase really 

parametetS 'with 9raphs and pencils 'when a rnore understanding of these cUP/es 

better and faster learn1n9 and other circuit wmk 

1.4 SCOPE 

This project is !lrnited to bipolar junction Transistors only and focuses on a 

specific character~$Uc of the BJT under test~ narneiv caNedor! ernltter 'Jo!taqe 

1.5 LITERATURE REVIEW ON TRANSISTOR CURVE TRACER 

1.5.1 AGIlIENT TECHNOLOGIES - The University of Georgia Athens; GA 

9 



for a 'Nide variety of devices and even capture fuB famHie':;< of curves for pnvver 

plotting I against V in the rnanner just described INhHe apP!Vlng the base current 

from another of its voRage outputs, Equipment Required 

~ !")'pl->-:'! fV1Ill!";'HPrer <:; • • r"!"' -"><~ tJ~p Anlj{M1r 'i44D 1 A . ~ ~~~ .. ,1. ~. S.H ........... ..... ~..,.(~ .... s: <:s ... s .;,j ~..... :.:1("\"~ ~. " .... <1... J., J 

"" DC PO'Ner Suppl'y' such a~; the Agl!ent F363 tA 

"" AgHent VEE software 

1.5.2 MUL TITRAtE SYSTEM 

to store and viev,f the results, The system ls fully Inte~F"aled and includes a 

standard fixture that supports up to 625 pins, The Hu!UTrace featurE~S a 

Standard fixture box that features a PGA ZIr socket "lAth 441 or 625 pins, The 



DAVID JOHNSON AND 

ASSOCIATES 

T!-ll'- j' (;; ;;, RTf t,~nf,~;::.p(j p!>~p 'Oi;'C!pr "::>rld 'V" f)r(1"'cl·{\ .... s.,~~<;: m., ;;;'jP ·f'n.' ·th(·' ('H s"p' Itt'II'>(J ~ J .. ~ .. ..,I. .J.. .~r~~· v. .. ~. P~. t<:. ... v ......... t:)'.. S !:t...t ~ ... o/¥L .... 1 V .. S: ~'!!'~ • .h .......... :-~.~ ...... o!s: .... ' .~)'i ••• d'" .... .;,. ~'''' 

of characteristic curves of the transistoL 

1.5.4 THE GOOTEE CURVE TRACER 

Advanced Transistor Curve Tracer and Electronic Component and Device TesV'::T 

that incluDes built-in Tdp!e~Output Vadab!e POVJer Supply and Sfgna! Gen(~ratcr, 

It also has features to dlS11!ay transistor I·V curve famHies, h>r muiUp!e (tF) to 16) ~ ".' t .. 

diodes, capaCitors! reSistors! inductors! plus test polnts In dn::uitsj etc 

1.6 ADVANTAGES OF THE eABeT OVER All OTHER TRANSISTOR CURVE 

TRACERS 

All extept one (the mulutrace trans~stor tester) of the transistor tester 

a~ong vAth the oscl!!osctlpe _ ... which IS hardlv ava!!ab~e and expenSive, The above 



displayed o.n a CRT as 2 9lnwing doL This cHgH:J! appro.ach offers rnaoy 

advanta9cS over an analog CUtvC tracer; 

is subjected tn current for less than LOOms, 

2,) A.I! data for each device is stored in a sepnratc file on a hard disk, This 

means that th€ cw\!e h-ac€s can he rE!-dlsplayed at any tlrne after It has 

3,) f'Adtiple devices can be displayed at ence. This means that a geod and 

(,an automatically be u)rnpared according to your t:olerancesl pins on 

large Ie's can be ${)rted on a pass faU basis, On an analog curve tracer 



comparison (ouki oni.y be done bV fHpplnq a toqq!e sv\d:ch between h·ve 

can be reused for cornparison to a f£\V f;3B ure , Thls eHrninates the need 

obscures the precision of the rneasun~ments! makinq it very diffku!t for 

11, 



CHAPTER 2 

MATERIALS AND SYSTEM DESIGN 

2.0 INTRODUCTION 

This chapter describEs the matf.:ria!s and rnethods w;r;d for the ties!gnr 

construction dnd test1ng processes of the CABCT, The materia%s used are 

des(f!hed under the foHowing sub headings: 

aj Overall system deshjP 

b} Electronic components and unltsj subunits used 

c) Tools used 

d} SofuviJre used 

2.1 OVERRALL SYSTEM DESIGN 

of a perlphera1 hard-ware~ conned:ed to the printer interface port of the IBf'y1 PC 

and sortNar€ which the PC runs to operate this harchvare, So H: hBS tHO principa! 

aspects - Hanhvare and Softvvare, The block diagram of the HartilNare aspect ~s 

hor!zontaI of the graph with the voltage Vce changing hum {} to a !eve! above 

saturation but belovJ the breakdDwn !eveL This can be accompHshed by sendina 

a train of Signals via the par-aile! port to 

14 
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vertka! can be Jc(omp!lshed by applying the vn!tagedrq) across 2 small knovvn 

l$ converted fmm thevo!tagc s1~Jnat by a mathematical equauon T·",· V/R alread'y' 

programmed In the software, Each of these rneasurcmcnb is taken for each 

incref"oent in the base current generated by the computer us;,ng a Dtsl:, The !V~;. 

{Analogue to dlgita! converter) then transfDrms the measured voltages to digital 

J sequence that draws out the graph, 

2.2 EtECTRONIC COMPONENTS AND UNITS! SUBUNITS USED 

2.2.1 DIGITAL TO ANALOGUE CONVERTER 

The output of a dlgH:a! cornputer is useful as a contn){ signa! or for the 

generation Df \lap*,'lng currents and voltages for the bidsrnq of the transistor 

under test In this CAScr. But a transistor recognizes only ~1naloDue signals and 

In order for the computer digital output signa! to be understood by the translstor( 

it has to be converted into an analOGue SignaL The Diqltaf to analogue converter 
.... yo YJ' ..... 

was use for this purpose in this circuit 

16 
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connection VJH:h <3 cmnputer~ these binary numbers is caned a b1nari word of 

lNorct into an analogue 'voltage b':/ scaling the analogue output tel fJC zero vlhen 

code usuaf!y appears in para!!d Le. simuRancou5!Y on a set of input lines, 

HOl.vc-ver it rnay also appear in serial ~ as a train of levels or pubes on a Single 

line, 

OAC0801 8 bit Dt9lta! to Armfogue Converter. 

LtC! 1 A f~ toit DI'g"l&-:;'! ·tn tsr!·'llrJ'(1<' 1(.) ('Q"'''«:)rt(~!' l~ .. .1" .... "} ••• ~ { ." ...... <..: ~"t .. .;, .. ~) • .j .......... >.(.v{.)~\;;..~,....( 

converter (DAC), The DACDSOl features high compliance corn plernenta ry' current 

outputs tn a!Ii>/>/ differentia1 output voitaqes or 20 Vp"p {20 V(l!ts peak to peak) 

With shnple resistor loads, The nonHneariUes of better than Q,l IJ/,; over 

temperature mH1imizes system error accumulatlQns, The noise immune ~nputs of 

the Df'\(0801 w!!\ accept TTL levels 'with the logic threshold pir\ \fLC" grounded, 

Chanq1ng th(; VU: potentia! vvi!l a!k)\N direct interface to other !ogk:. famiHes, The 

performance and characteristics of the {bvk:e are essenUaHy unchanged over the 

17 



full 4,SV to 18\/ povver supply range; f)(W,j(~r dissipation is only 33 m\f"j lNith 5V 

supplies and is Independent of the !ngie Input states, Its connection diagrams are 

shovvn bdO\v, 

1!'l~f!;~jJt!} l . 
~~?tr~~t v u; ., 

\l~'i· 

sr .. 

Figure 2,1., (onmxtkm diagrarns for 0l-\C0801 

VVhere 

V RtF -:::. HLDOOV 

R Rtf -:::. SJJDOk 

,Jllll: :::ll::~.""'''''''''.'.'''''.''''''''-~'''''':: 

'M$l '<H 
$~ *1 ~~i>~ ~$ M t; M 

"':~::.<A' <">tn . . '.< M~-. ~+< l:tl, f> < 
~ mor f< J * ~ ~~ H ·~o* it 

~'i'J 
!~;!,~! 

~;!..., ':1M! 

The L29.t1 a n1Dnc4ithic LSI circuit in a H.·Head duaf !n·+ne plastic package 

contains an error ampntter} a posRton arnpHfjer and a S~blt D/A (onvervs 

accepting a binary' code and generating a b1po!ar output current, the polarity of 

vvhk:h depends on the SIGN Input. for our use here, on!l the DAC wi!! be t6ed, 

Its block and nmnecUon diaqrams are shovm be!el/v 

18 
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Figure L~:L Conned1on Dii'lgram 
of L291B 

The arnpHtude of the output current is a rnukipfe of a reference current Iref, 

The maxlmurn output current is 

The fo!kwAng table ShflNS thE value of 10 for different input codes, Note that the 

;r'J.~<lr~· h·1o··s· '-'rp· ;o~ct*\!P !j"V<,~< h ~=:'"( A.. t~ t. t:s " ... _ ,,,} ~ 'AI' h ... q '.! • 

This D/A corrverter has a maxlrnwn linearity error or equai tn+ .1// LSn {or ± 

2.2.2 ANALOGUE TO DIGITAL CONVERTER fADe) 

The voRage changes vi!1ich results in varving currents Bt the collector of the 

transistor under test is analogue and for it to be monitored in a digital fcHTn$ by 

lQ 
<! .. -



the computer; there has to be d siqnaf conversion horn 2l!!()!ogue to d!qltar 

signals at. the pDint of measurernent This !S achieved 1n this circuit with the Bid 

of an Analogue to digRal convetter (ACe), 

An ADt: takes the instantaneous value of an analogue input signa! and then 

produces as its output a code digita!word that 'with a,,.'.,ielpht that correspond to 

the ieve! of the <:ma!vqw\, Aoe wm contain smne uncertainty over the cotf</ersion. 

This is becau::;e the 2naloguE: input is d conUnuous s!gnal and can take any value 

within a defined rangE\ whereas the d*g!ta! output canon!y exist as a fh:ed 

number of codes, Tfle uncertainty of an ADC is called quanU:dng error and \'vHt be 

An ~mportant parameter of an ACe is the conversion time; the time intetva! 

betvveen the commandt beinq qi\'en to the ADe to begin the cunverslon{ and the 

appearance at the output{ of the complete digital equivd!ent of the analogue 

value. The speed Df conversion varies l1vH:h the tvve of ADC and can be as short 

as a feN nana seconds for the ultra fast type or as S10<,..\1 as sevi'!ra! rnmlseconds> 

A wide -variety of methods are used in anakJ9tle~ to--d!gita! conversron, These 

range from the S!O'N and inexpensive to the very fast tipes vih~ch are therefore 

relatively costly, ThE'. CO{'flmon mr:thods are 

* voltage to frequency 

~ paraBe! or flash conversion 



The method used in this project is the ~;uccessive apprDximation converter, This 

has good aCOJt8C't': and can be sDft'Nare controlled, The method requires sorne . . 

the resu!t~ a DAC and;) fast microprocessor, 

In this project AO(;0804 8~bit AID converter Ie "'~ias used, 

The ADCOB04 is a (NOS 8-bit successive appwxirnatlon A/D converter that use 

a differentia! potent!ornetrlc ladder. Th~s (.nrr'Jerter tS Cif3S}qned tD aHovv 

Dperatlon with the NSCHOO and INS80BDA derivaUve control bus V,lith TRI~STATE 

output latches directly (jrivioid the data bus, These f·,,/Ds appear like m(~morv 

locations or 1/0 pmts to the rnicfoprocessor and no intedadnq !oglc is needed 

and its acess Umf3 ~s lJ5ns, Differentia! ana!q~ voltage inputs aHow jncn~asing 

In addlUonp the vc4tafJe reference tnput can be adjusted to aHu'N encoding any 

smaHer analog voltage span to the full B Nts of resoiution, 

Features 

Easy interface to all microprocessors: or operates "'stand 

a!one», Differentlat anafog vultage inputs n Logic inputs and Gutputs meet both 

HOS and TTL voltage level specifkations, 10iorks V~ilth 2,5V (LH336) voJtage 



reference It has an Dn-chip dock generator and operates vvlth a range of Ov 

to 5V analog Input voltage range v'lith slngie 5V supply, No lem ddjust required 

Operates ratlometrica!!y or 'N!th 5 VDC 25 VDC, or analog span adjusted 

±1/2 LSB and +J LSB, Has a Comlerslon time of 100 ps, 

nb· 2 

~~p 

C:t..K 44·, . 4 

HffW'$ 
V'H!*} 
>iJ{,;,~(m}. 

.'.~ 

2.2.3 MULTIPLEXER 

·uns 
bDA 

The Interface cl1aracterisHc of the ~nput port of the printer Interi:ac2i the status 

port, is such that on!y 5 Hnes feed back Into the computer, Th(: ADC conv'elter 

converts the analogue information Into eight bIts, TNs means that an Interface 

circuit is reqUired to connect the ADC to the printer port Thls \·vas achieved in 

this project by using a 2 input >4 - bit multiplexer; the 74157 Ie as sho\<\In below 

vvhk:h tJkes thf3 8 bit 
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Flqun-: 2.5, Connection diagram of the 74151 Ie 

of the hDC and sends It 4 bits at a time into the printer yett wkh the aid of th(~ 

~nput output. program ex:eruted by the computer, 'The 14157 is a quad 2-input 

mu!Upie:.~ers '".vhkh selects 4 bits of data frorn tv-IO sources undfT the control of a 

common dat3 sete<:t input {S). The four outputs present the selected data In the 

true (non·lrrverted) form, 

the truth table and the &ogk: circuit of a :1 rnput 1 bit mu!t!p!ex:er ShCN,fn hekllNt 

The 21nput-- ':1 bit multiplexer (ould be understood better 

,"""lNPlH A l ~-~~'~ ,=:=!--1 I_~_~_f(\-] 
t iNPUT B 1""""""""'-"-'1 r I ~ 
L ,,~J 1... .... ""[" ............ 1 L.., ...... . 

[ii~§~(~,';] 

A~·~·--i····'l---.w~. r-' L.:::::i)- Q 

8-··· .. ····j·······r ' r f·x ... -{ .. J········· 

S 



lNPUT{6} OUlPU1{Q} 

1 

1 1 

1 1 

1 

1 1 

1 1 

1 1 1 

Figure 2,6, The 2 input <} ... bit mu1tip!e>~er 

VVhBf1 the select Bne ~s in logic 0, input A passes tD the output Q, this produces 

the truth table shmvn abDve, Therefore the output 1 Y{ 2Yr 3Y and 4Y of the 4 hit 

mu!tiplexer are shovm be!owv 

The logiC equations are: 

.1V ;;;: E (1.11. .5 +.00 5) 

] '..1 E" "3! ~ S' '~!O S') .' 1 ;;;: _, (_ ~, + 51 v_. 

4Y :::: L (4! 1 ,s +- 4tO 5) 
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2.2.4 THE PRINTER INTERfACE PORl OPERATION 

The computer connecb ,/11th the (ABeT through an interrace knovvn as the 

para!!e! port, The para!k:'! port has 25 pins "Nhich perforrn various functions, It 1s 

cailed the Printer intc:!fac€ POtt because It is normally used hx canying out the 

printer operations but could be clnploycd in connecting other e:x::tcrna! c.ircuits to 

paraUet to each other, as opposed to the same eIght biL:; bein9 transmitted 

sedaUy (an in a s1ngie rovJ) thmuljh a serial pmt, The standard para!lei port is 

capable or sending 50 to JDO kilobytes of data per second, The f1ljurc below 

shows the pmt map of the printer Interface fXHt,The printer pmt on the IBrv1 F«: 

connector cable made for connecting the printer to the computer throuqh its 
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Trw Fkmre ShCAVS the qin-out des!qnaUons for the connecttv dnd the rneanina of 
- y - ~ 

the pins. Note that only a IlWe fnOfe than hatf of the pins are use, The others are 

output 'is cornprised of eight binary bits as shown In the Fqure, The control 

port is also an output port 'fhc output lines are latched! meaning that whatever 

data you place on them stay there until you change it: or turn off the cornputeL 

status Ilnes are the only ones that feed back into the c:ompuler from the CABeL 

Pin No Signal 

(DBlS) name 

1 nStmbe 

J 
1..- DateO 

" Datal j 

4 Datal 

t:. 
,) Data3 

6 Data4 

7 Data5 

Q (, Data6 

Q Datal ./ 

Register -
Dkection .CABCT Name 

bit 

Out 

In/Out 

In/Out 

l:njOut 

l~nJOut 

In/Out 

In/Out 

In/Out 

26 

Data-1 

Data--3 

Data-5 

......... 

Data-b 

Data-7 

r"AC 1 'r.n ~' u ,~. (Dk.!) 

[ 'AC'1{8't 'J) Jr, ~.l.\ I L 

DAC1{BIt 3) 

DAC2(Bit 0) 



10 nAck In <~r·~tl ;<;;··6 ........ (. ~. ~)!,;.;t <,. DB3 

11 Busy In Status-J 

.12 P~YlerYn! it ~ j .. , ," .. In Status-5 DB2 

13 Select In St:atusA DB.! 

1.4 LJnefeed O~!* -:. ~ .. ' { ContmjMl Hux 

15 nEn-or In St2t:us~J D8D 

16 nlnit!aHze Out Contro! .. 2 DAC L291.B 

nSe!ect-
t} Crwh'~+3 ." ...... ~ ..... ~..... . 

Printer 

1B~2S Ground GROUND 

elSE in the PC shares \Nith It Tht.~ parallel port contained on the multH\O card 

has the sta}i:irl\'& address of SSS Dr 632 aU in base 10 nurnbennq, Usua!h/r you 

sPedfy the addreSS of the port when you instaH the board, So depending on the 

are up to three port in the printer interface·· CHltputr status and control ports; 

T:*1e next address 889 Dr 633 is used for status P<}!t, VVhlle the next address to 

the status port{ 890 or 634 is used for the control port. 
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2<2.5 THE DC POWER SUPPLY 

the counter and ADC, The voltage d!v!der equation whlt:h was Llsed \-vas as 

shows 

\Nhere: Vin :::; voltage corning in (9V) 

Rl :;;; Resistor needed for dividing voltage 

R'l'v' ~. Resistance of circuit needing 5V 

V>/ith R:;v as about 7DOohms the value of the resistor wi!! be 

.::co t :::: ./v OHms 

2.3 TOOLS USED 

Touis Llsed in the course of th~5 vvork are listed in the appendl::::::, 

2A SOFTWARE USED 

A computer,. unHke pre~}lfograrnmed machines *5 a genera! j'.}f../l{N)5C device, It is 

not pre-programrned to take any spedfk actton other than to inmaHze ItseW 

when you turn it on, A program ~s a !lst of instructions, together with any fixed 



course; but also to any fJther subject that involves fixed jnstructions~ Proqrams , , -

can ranr!(;~ fn:ml the rklku!nuslv simf)!e to the hideous!v' cunv:;!c:(, 'Nith an oossH::4e ..,"'} .' ~ . r I • 

conditions !n betvveen, Thus} In order to desiqn a p!'oqram for ;J computer,' one 

must deterrninc three basic elements: 

., 1'>}'" I' n .... ·!-rl 'i,·t!')~{'S I·~~.a·· ,,,,.,>:::t b/" y)e'·fnpy'pd. i~ .~ ~ . l''':: (t'::> ~ .. .... J... ~~~ (~.... t~. (. t l: U u~.~· ... r.:::: t... .. ~ ~.'.' ~ l: L.....;r 

L The order in which those instructions are to be performed, 

3, The fixed data requked to perform the instructions. 

You must deterrnlne1 dearly and in ddai!{ exact!Y'Nhat you V1ant the 

computer to do before you start telnng the computer to do it 

Remernbering that the computer vvi!! cany out the if!structtons you give 

it, exactlvas given. It can't teH y',;hat you \Nanted; it can oniy do II,/hat 

HPII "",;d Bpf"nvp 'y"}ur r)PIA< nr'OfW":,>,r"1 ,:,>",pr gprs an''''':Jhprp Clj'}.¢!:::' 1'(" a '1 .... /s... '-."}s" .. -S:~ ..... ,. •.•.• \...;:~ .... '10 ~ ..... '{~ ~.o!' t:j$ -:;:;:, ~ ~:;"Y ...... .. ... '. '{ ~~ __ ........ .oJ): .. ;;J. ...... / 

* Define the problem - One must be able to dearly state vvhat the 

'l4W carry out 

* Define the solution - One needs to look at what information you have 

avaHab!e and 'Nhat information you still need~ vvhk:h wW apply to that 

output You a~SD need to denne the equations, Iogica! procedures! or 
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other methods you wi!! m~ed to use to rnanipu!ate thn raVJ input data into 

becoming the final desired output 

* Map the solution. - The third step is to layout the solutlon in Ws proper 

sequence, Ren'lember that: the order In which actions are taken 1s just: as 

~rnportant as the actions themseh/€s. The solution procedure needs to be 

account 

Howevel"! one wi!! need to consider the possible languages avaHablei and the 

spedflc cornpukr platfonn(s) as V1t3!L D1fferent 1anguages am often optimized for 

to the tasK. In this prc!Ject the programming bn9uage VISUAL BASIC \MaS used 

to conflgure the softvvare for the CABeT. 
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CHAPTER THREE 

TESTING AND DISCUSSION OF RESULTS 

3.1 INTRODUCTION 

3.2 TESTING 

assembly, Theslmu!aUon of each module was made on a 50ftvvare design 

package and tEsting vvas done with the virtual instrument provided in the 

~ Each of the H10dules on the breadboard was tested by applying test 

Stgnals to the ~nputs and then the outputs v<Jere monitored v,/Ith LEDs? 

diqita! rnu1t1meter and OSCWo5cope (to V18W the vvaveforms) 

~ The desired outputs from each of the units~vcre calcu!ated theoretlcaHy 

vvith thE use of textbooks and other materials avaHab!e, 

'lil Thewaveforrns of each of the outputs "Nere observed frorn electrical 

simu!atkH" software v<!h1ch drevv out the ideal l/,f(.lveforms, These 

v<Jav'eforms '/lere cornpared to those dravm In datasheets and textbooks. 

After testing all the modules 5eparatelYr ea{:h unit was then assembled into a 

(ornp!ete system em the breadboard and then connected to the pes paraf!el port 

\fla the D825 ser1a! cable, Next the CABeT control programs V1ere coded! tested 
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and debugged, nnany the tesUnq of the complete systern \rvas done by applying 

a test transistor to thil.' circuit and vievvinq its 'Naveforrn on the screen, 

3.3 PRESENTATION OF TEST RESULTS 

vlaveforrns got bDth theDretically and practca!!y were tabulated in tab~e 3.3 for 

cornpar1S0rL 

j'····oAcfiwpuT"·T"·DAC'i··OUTPUT ··'l····oAci·ZNPur .. ·r .... OAO .. OUT'f,$iJy·····j 

I I .... ! ................................................ L .. ~ .... ~~,,~.~ ........................ J 
i .. (;;r;·0 .. ·0···································r .. :;~90:;l···A······ ...... ·· OOD~l i,' .'),~ .. {;i3·" l,' 

t v,) , ,j" ",;, . '- /. 't., '.{ 

I {lool 3.96mA GOO 1 !352V I 
nOtO 4,01mA 0010 l 3.61v i 

0011 

0100 

0101 

r!,~ 10 <.., J .• ,. 

0111 

.tODO 

1001 

1010 

lOll 

1100 

4,25m!\ 

4,27mA 

43SmA 

4.37mA 

5,35rnA 

5,44mA 

O()H !3,70V I 
~ 
1 

O 1~J~0 j ~ qO' . , 1 ~,,$,.,. v 

0101 13J19V 

0110 13fj9v 

0'1.11 4))8v 

1000 4.17v 
1 

1001 I 
i 

i SAlrnA j 10tO 436v l 
~ ~ t,:. 

1 ' i S.74mA 1 1011 4.46v I 
: 5<78rnA \1100 l 4,56v \ 

't ............................................. .l ......... ~~.~ ... " ...... " ..................... : ................................................ L .. ~"""." .............. " .. , ..................... ,\ 
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-.J-

; . ~ 

.': 

U.Ol 
······I··s,81mA ....................................... . -_._------_. __ ....... .. -~ 

4.66v 

i r: 113 . r. ·1.~. H.)' I :.;.1, ..... rTu·~ j -1110 

! 
1 1111 

....... 1 s,aa~A .............................. 1
1111 4,86v I 

I I 
{ 

I 
t ................................ . . .••• --........................... ~ ......... ~.-! .................... -......... .................................................. . 

\NA"JEFORJ'y1S or TRANSISTOR UNDER-TEST 

[':'::;'1 
i 

3.4 DISCUSSION OF RESULTS 

... / 
,/ 
: ( 

,/ ...................... .. 

..... >. ........ 

-~ .... -" 
.... .,.>. ..... 

[ .. ---....•.•. -....... -.---.. -.-~--.. ~-~--..-•......... 

From the results gotten so far{ it has been seen that the output of DACt faBs 

l!'1ithin the range of j.90rnA to 5,8BrnA Nso the output of the collector DAC -

DAC2 ranges from 3A3v lD 4,B8volts, This resu&t signifies that the characteristic 

curve plotted wi!! faH INithin this range and may produce (JGty a srnal! portion of 

the enUre characteristic et..lr<Je the transistor under test has, This is due partly to 

the biastng of the DACs and the nature of the DAC les, it '#ll! therefore scrv{~as 



a recommendation to others intf.'resteti In improving on this \/lork v.J vvork on 

!m::;reasinr; the range of 8050 and collector currents and vcdtages fed into the 

transistor under test 

3.5 PROBLEMS ENCOUNTER.ED 

~ There was dlfflculty in obtaining some parts Hke the DAC and APe for 

* There was unava!labWtv of essential test }nstruments like the oscWoscope, 

>1* Inadequate tifne for the pmject to be carried out 

* Difficulty in interfadng different parallel ports as they hw';e different 

features: SOfne bidirectional! norma! mode (unidirectlonal), enhancf:d 

~ tJnstab!e po\-ver supply affected the pace of this project 

4 The narrow range of ~nput vo~tage the Ks \-\iouid accept vvithout burning 

3.6 SUMMARY 

BTT {Bipolar junction Trans!shx) curve tracer. Seven main units were crnpIGyed 

a) ThE OAe {DIGITAL TO ANALOG} ~ 1 unit 



b} 11v2 DAC (DIGITAL TO ANALOG) '" 2 unit 

c) The TEST SJT unit 

d) The ADC {ANALOGUE TO DIGITAL} unit 

e") The MULTIPLEXING unR 
" 

f) l1W? CO>lPLfTfH PRINTER. PORT INTERfACE 

g) The POWER SUPPLY unit 

h) The SOFTWARE PROGRAM 

Voltages and various base C!Jrrf30tS vvere fed into the collector and Base of the 

V135 rnea.sured by flnd1ng thc'/o!tage drop across a resistor in the circuit) V',j2S 

done 'with the aid of the ADCr the prInter paraHe! port and a soft\-'Jarc pmgrzm), 
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CONCLUSION AND RECOMMENDATION 

4,1 INTRODUCTION 

used and the results obtained, A number of rccornmendatlons have abo been 

rnade based on the results Dhtained and the conclusion of the studies 

4.2 CONCLUSION 

A tmnsistor curve tracer vl/hlch is funcUona! and affordab1e for the use of vlew'irlg 

BJT transistor curves is possib&t: to be designed and constructed by students with 

4.3 RECOMMENDATION 

BeIng the flrst attemptt the CABeT ~ack5 some of the advanced features of the 

conventional osd!lDscop-e; hovvever there is abundant room ffW lmpmvement in 

the foHmv!ng areas 

* To obtain a faster samplinG rete; faster ADCs should be employed, 

~. For better accuracy ADCs lsith higher resolution should be used. 

'* for better accuracy DACs we!! chosen and properly biased should be 

t~e,!.pctc~rl fnr- '.l~0 -... ; ' ..... \.:..u .... ;.~. t . . :),.." .. 

~ A wider ranGe Df characteristic curves should be 'Norked on ...... 



form of a pluq in card for bA or PCI or Pet'viCrA slots so that the circuit 

can be interfaced directly to the computer bus, 

Q Cf)ding the prDgram in assernblv language could far:Hitate faster sampHng 

ti.'lte than vvhen in hit:Jh leve! languages, 

Q The instrument could be buHt as a stand alone miCH}processor systern that 

can capture and store and display the digitized vvavetonn In Rs own 

fllemCH), like the hand heid computer games 

The department of electrical computer engineering can be of immense help tD 

the students hy the foHowin9ways: 

~ The design and construction of electronics pro.Jed sr'!ouki be a regular 

practice to all students of the electrical computer depa1tment right from 

their intenned!ate level( so as to get them familiar '<"lith handHng project 

~ The department shDuld assist the students flnarvJaHy in canvjng out mini 

projects -and the flnat year project: that conSllmeS9J much money, 

"* The department shOUld endeavour to seasonaHy equip themselves vvith 
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The tDb%c of cornponents used ~s as shown helow 

ING:TpART"'- _ ... ·············_--···TVAtUE · ••••••• ~J.~~~NTiTY······· ••• ] 
1"i:·····j~AilaE1gije'·to Olgitaf"f:'onvei:ter"'!"i\DCDS04 ! 1 1 
~ t ~:.: 

1 L 'D~9!ta! to Analogue converter IOAC08Dl 11 I 
I I i L291B 11 ! 

I.~ j R<:\(~I·/'tO'·<; '11 i.~ 1 I'" I v,,.' ~ ,~ 1 

i 4, i Capacitors , I.: 

Ii! 
15 I Battery I ~)V 12 
I 6, I Computer ~nterface i DBl5 cabie [ 1 

I :' I ~iresb d 1::. I : roll 
l '" 1 ero oar 1 . 

19. I Mu!t:ip1exer 174157 I .1 

11ft i Transistor I BClO 7 14 
1 . ., ........ .,.L~.~., .............. " .. "' ....... ., ................... '~., ................. .L,.,~ .................. ,. . .. 1 ...... ,."." .................. w •••.••.•.•.•.•..••• l 

Capacitors: Capadtors are components that are used tn store an eiectricn! 

char-geand are used in Umer cln:::u}ts 
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LEOs: Ught Ernittlng Diodc's (LED) is an optka! SotJrce, (A UGHT SOURCE) 

LEDs produce redt green~yeBDw{ or orange !ight The'¥, are used 1n a range 

of products, 

Integrated Circuits: These were fur different fundions !ike 2na!ogU€ to digital 

corwers&ont Digitat to af1alugu(~ conversions and mu!Up!exing fundions, 

Hookup Wires: A wire IS needed to make connections bpbN-cen szlme 

conl~X)nents, While on design on breadboard stage, for easy identWicatiun! ] 

needed \<vircs vvith many dlfferent colors of insulation 



APPENDIX C 

ViSUAL BASIC SOfTWARe 

Private Declare SubvbOut tJh "WIN9SrO.Dle (SyVaf nPort As Integer1 8yVat 

nData As Integer) 

Private Dedare Sub vbOut¥! Lih '\\llN95IO,l)Ll." (8yVal nPmt ,t\S Integer, SiVa! 

nData As Integer) 

Pdvate Dedare Functbn vblnp Lib "\fsJIN9510,DLL~'J (BVVa1 nFmt As Integer} As 

lONger 

Prlvate Declare Fundion vblnp',N lJb "\NIN9SI0,DLL" (8yV;:~! nPort As Integer) As 

Integer 

Dim Current As Dnub!e 

Dim L~ MAX~ VNO{NAX. .. .1NO As Single 

Dim ReadV As InreaerPrlvatB Sub Fonn LoadO 
~. .... ... .. 

Width -:::. Screen, Width * 1. • Set vv&dlh of fDrm. 

'·!eight:;;; Screen.Height:>: 1. • Set height of form, 

Left :::: (Screen, Width - 'Width) I 2 • Center form horilontaHy, 

End Sub 



VJRh Form2 

Y -::: PlctureLHelght - (Yval'r. (pk:tureLHeiGht ! i"'lY)) 'the subtraction inverts the 

y axis 

End \t!lth 

End function 

P' t r > C' ...l • "'j' k() 
x twa e ;jUt} .Drnmanu ( .. ,LdC '. < 

Jf TextLTeKt ;:;:: "n Then 

LabetLVisihte ,',:: Fa!se 

Command2,\jlslble :::: Fa!se 

t4sgBox Hyou h3ve not entered any number! P~ease enter a vaHd transbtor 

number~~H{ \'bDefauRButton2 + vbExclamaUon 

;This code Hnds the corresponding trans~5tOf" number 

'If an exact nurnber ts not found it: finds the nean::.st 

'and thf.m alerts you of thb prohlem 
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If (TxTab!eDRF.ccordsetNofy1atch ~:, True) Then 

TaxtLText::::; TxTableDBJZecordsetXjeldsCPackdge") 

Text4,Text -::: TxTabkDB,RecordsetFie!(Jsr'Vc€HAX~<) 

Labe!2.V!s1h!e :::: True 

CornmandLVbibk~ ;;:; True 

End If 

End If 

End Sub 

If SFlag :::: .1 Then PictureLUne (01 PlctureLHeight},(O" PictllreLHelgl1t) 

V1lth forrn2 

Y :z; Pk:tureL}-le*ght ~ {Yval ;<, (PktureLHe1qht / tv1Y)) 'the 5ubtroctlon inverts the 

Pic.ture L Line ~(XI V)! &HFFOO& 

End Yilth 
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End FuncUnn 

\1. .. Count :::: {} 

1 eCl' 'nr ::::::: (I. ~ ."V."'· ) 

VtabteDB. Rerordset,[OF 

VtableD8,Recordset t'<'1 oveN ext 

\'Vend 

If V ~Va!ue < Vtab!eDBJ<.ecordseLF1elds("Vottage
H

) Then 

Vtab!eD8.RecordseL ~"1ovePrevious 

v ~ Count:;;; \i .. Count .. 1 

End If 

1 .... Va!u2 ::::::: Val(TexLtText) 

crabk:DtLRE~C{)rdseLEOF 

tCount-::: I...Count + 1. 
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r-<;>b!~.>qD !?nrf"',r'dspt t\.·-sO<!Pp~·o\!i()'~ <>::: ~ .. , ~.~) h .. ...t .. ~r~ .. r\ ....... " ............ ~.~ -~ ~ ".~ ~ ...... !O·l ~":;.I: 

End if 

'j-~y'> lonn "'1-'':'>1'" '~"f'n'd' '" fhp >'':'>!lIPe;; 1.,-,> '"hp ~pnrl"p·r;:'>tP pr'lr!'S' .. J .. ,:; \...~t ... ~.~(.;~.;,.. ... "'1:" .•• ~~ :':>'I...~~ ....... ~u ...... ""' .. ~ ... 3'S... ...... u~t ... . 1C ... -. ~' .... "." 

CfableDB,R€CordseLt;loveFkst 'HOVE to CurrEnt start (Ctab!eDB) 

For L :;;; 1 To CCDunt 

For fA -::: 1. ToV .... Count 

vbOut 888, \/tableDB,RecordsetFleldsCl3inary") 

'V~lt is added in order not to wipe the other four bits 

Read's,/ ~ vblnp(B90) * 1.6 "the muRipHcation shifts the v2kJe by "lb!ts 

\!bOut 889, :2 'send data through (ontro! pin to togg!f.~ MUX 

Read\t ~ ReadV + vblnp(890) 
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ReadV -::: invert{ReadV) 

StatusDB,Rc'cordsBtFlndFkst "Binaty~ " + Str(ReadV) 

GraphDf3.Record&'2tAddNeV1 

Next H 

Vtab!eDB,RecordsetJAoveFirst'Hove to vo},tage start 

Next L 

End Sub 


