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ABSTRACT

ctarming the functionality of transistors, thelr corresponding characteristic curves wil

o he seen, The wse of 8 compuder to generate varying voltags signals to the base
the colfector of the bransistor under test while measuring s collector curvent for each
e forms a table of velues by which the oulput characteristic graph cauld be drawn, This

carnied ot with the aid of a destgned drouit and o wiitten software,
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CHAPTER 1

INTRODUCTION

1.0 BACKGROUND

Advances in microsiectronic technology over the past few degades have trought
about dramatic changes in the complexity and size of slectronic Croufts and
conponents, These developments are continuing, angd seem Hkely 0 do so for
sornetine ol and are making # intreasingly difficult 1o adegustely defing fosis

procedures, A the same tme, testing oooupies an nores

singly Imnortant place
woth i marnufaciure {where Ui nasderd o guarantes the quality of the mrodurt)

and In maintenance and fiedd services, wherg it s nesded in mrovide diagno

Capahiiity,

Ouick and refable testing 8 en oxpensive process, bub the consequences of

imadeguate besting within the manufachring process fan be even more

P

sxpensive i the long run The sholoe of a8 testing o

wpy 18 8 malter of
scomami judgement based oo the cogls of tests exuipment, the wedicied fallure
rates, and the consequential costs of falling o fingd faulls ot ary particudsr stage
i production, This computer alded {ransistor cuve tracer {CABCYY & an
Autranated test Bauipenent which has been made 1o aid testing of BIT5, AL
fradion transistor, (BIT s a very versatile component, 1 can be used In many
wWays, example 25 an amplfier, a swiloh or an oscillator and for many other uses,
Research also hay shown over the yvears that an indbvidus! walihing an svent

understands it betler than one who just hears abogt it Also the one who




participates in B, has an oven beller chance of both understanding and

remembering B, than those who only saw o heard sbout L In most of the

developng countries the raleing of studends in terflary nstitutions In vab.
felds gre absirach, The students are often compelled to fearn only the theoretica
aspect of thelr course, due 0 unavailabilly of many axperimental Tacilities.

Developed coundries have more resowrces than do developing countries o invest

iy basio and vorstional f.-zdz.s{:é%;iamf trafning programs. As o result, workers and
managers i developed sconmmies typically recetve better oducation and training
and 50 turn out betler equipped in thelr professions! felds, Thess facks
ernphasize the relevance of exporiments in academic programs 25 i brings abrd

bighly commetent =;*'a::§;, sates who have a real knowledgs of their fisld of studies,
This cost sffective product {LABCTY would afford the student the opportunity to
visuatize whal has been taught theoreticelly, Considering the current rapid
sprest  computer Breracy st around the world, # was thought wize 1o make 3
mrovigion v interfacing the curve tracer circult with 2 computer that has 3
paraliel port avallable on B This would mabke i fevible and can be used

arywhere there 1§ 8 computer

1001 TRANSISTORS
The Transiator 5 a oiroult component {ususlly with thres leads) that can serve
severgh fundiions- amplifir, switch, o oscliialor, among others, 1 is &

sericonductor device used in amplifiers, oscillators, and cordrol circuits In which

Pt




current fiow s modulated by woltsge or current applied to elechrodes, The | =
ads of & transistor gre the emitter, base, angd collector, and In the most
g mode of aperation, 8 large current Bow bebween the collector and

smither termingls s controlled by 2 osroall current applied o the thid termingd,

¢wv
.-.w

the base. The current can be Wwred on and off, causing the Dransistor o behave
as & switch, Transistors are ty slectrical devices and can be found In evervibing
from radios b robots, They have two ey properties;

13 They can amplify an electrical signad and

23 they can swilch on and off, letling curvent through o Blocking i a8 necpgsary,

Most ransistors are based on the use of sicon,

102 TYPES OF TRANSISTORS
There are three maln classifications of transistors sach with #5 own symbeds,
characteristics, desion parameters, and applications
+  Bipolar junction transistors are considered current driven devices and
have relatively low input impedance. They are avallable as NPN or §i"¥j‘2?"
types. The designation desoribes the polary of the semiconductor
mgteriat used to fabwioate the transistor,
«  Fleld Effect Transistors, FETs, are refored lo as voltsge difven
devices which have bigh il brpedance. Field Effect Transistors are

further subdivided into two Classifications

Sk




1y Junction Fleld Effed Transistors, or WETs, and
2% Metal Oxdde Sernicorgductor Fleld Effec Transistors or MOSFET s,
+  Insulated Gate Bipolar Transistors, known as 1GBTs, ame the most
erent frarpsistor develnpment, This hyhiidd device combines chewacieristics
of bodh the Bipolar Transistor with the capacitive couplad, high impedance

o, of the MOS devic

1.0.3 IMPORTANCE OF TRANSISTORS

Inomibcroachips today, which condain f‘ﬁiﬁii‘mﬁ of tramsistors Sntegrated” together In

a partioder pettern or 'design’, the amplified oulput of one transizior drives other

tranmistors that, in tumy, didve others, argd 20 on. Bulld the sequence one way and

the chip can be made o amplify wesk antenra signals into rich quadraphonic hi-
fdelity sound. Bulld the ohip differertly, and the tronsistors inferact to oreate

tmars too conbiod walches o mborowave  oven, oF  sensors o monior

ternperatures, detect Inbruders, or control ar wheels from locking (ABS

systerrm), Arrange the transistors In a different array and create arthmetic and

oghe procesays that dive celoulators to caloulate, computers 16 compute,
‘roness” words, search {:a:::smgziza:« data bases for information, networks in ek o

aach other, or systems that %r:f* Wit volce, data, graphics and video 1o make our
communications nebworks. I may take 8 soore of rangistors, interconnected
teams called logle gates, 1o accomplizh & task as simple ag adding one and ona,

Bub put enough tansistors together In appropriate patterns and transistorn end

BN




up knock off Big obs by working fast-- switching on and off 100 milion Bmes ey
secordd or more--and by working in huge teams. Az disorote components as in
the old days, o thousand transistors would occupy dozens of printed rircuit

boards the size of posteards, But thanks 1o such technioues as photolithography

amd  computer-aided  design, milons  of transistors and  other  elechuonic
components, compiete with wirlgg, can be ¢ actly mrganized on an integrated

ciroit smaler than o comflzke.

1.0.4 TRANSISTOR CURVE TRACER

A Transistor Curve Irpcer 5 an instrument designed to physically measure
transistor parameters such as current galn, treakdown voltages, and impedance
s and reproduce the t'szz;z,sii o g cathode ray osclloscops, A fransistor Curve
Tracer measures the collector currerts o and the collestor emitter voltages (Mo}
for varying values of base currents. This data Is typieally graphed with voltage on
the ¥-gxis and current on the Y-axis. The resulting graph Is usually in the form of
curves, hence the name, ounve trace. These curves desoribe the relatinnship
etween voltage and currert for a given ioad. This relationship is often called 2
characteristic berause it remaing constant under fixed conlitions, If o transistor
characteristic is differert from that of a known good device to another, this
would ususlly indicate some sort of malfunction (fallure),

The curve tracer can generabs and dissday & family of curves shiowing:
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Elactrical Enginesring student understand the prindples of BIT trans)

£

1.3 DBIBCTIVE OF BTUuDyY
ay This profect is almed sl promoting betler learning. It nvolves Design and
mstruction of the computer Alded Binclar Junction Transistor curve
ch has been carefully developed o ald the Jrd or th year




e
o
o

and thelr action, This experimentst project {described in this reporth =
mesnt I enoourage industrious individusls 1o builld simple inexpensive

apparatus that would be valuable for the tralning of students,

I g good practicel ciroult that uses 3 BIT needs o be designed, #s deskn

neads i take acopunt of testabllity due to the errors In fabrication of s
of the genaral concept of retaflers selfing used parts which am bad, Thess
poinds 1o the fack that testing 108 {Including BITs) I3 an integral aspect of

gond vircult practivsl desion,

1.2 BIGNIFICANCE

a)

py
L

e}

Durve tracing Is 2 vahuoble and powerfyl ool By fallure anabvsls and
refiability snglneers,

B oprovides an objertive and non-destructive way to examine slectronic
LoD SRR,

A design enginesy might use the Transistor curve tracer to ooflect o

that characterizes the glecirics! properties of the BIT

A packaging Enginesr might nead Yo curve trace o verify the oorredt

continudty in 8 transistor
A semiconductor {allure analval’s job is o detenming the root cause of
fallres In Integrated croulls, Freguently, fallures arg received from the

Hodrd ke 23 Tfunctionsl fallure”™ o “device replaced, Cunit now

Y
~3




working”. Whils these statements indicate o failure, s exach location in
the device i et to the analyvst to fnd, Mon fubctionslity only says so
much, we need to ki e specifically where the problem Hes. A BIT
marve traver B usually smploved 2t this point 1o test each pin indbddually
arwl oblectively, Supply cumverd can also be measured &?"CU vartous
condithons 1 ghee more information. Bverdually an analyst can confirm
el naveow down the possible looation of 8 given fathee  befors
procesding with destructive procedures such as decapsulation,

f1 A redability engineer might use g curve tracer o tefl him which pins are

ssmceptible to damags - e apphies certaln kinds of ervironmental and

plecivical tests. The resullts of these tests, and subsequent fallure analysis,
tell the reliability engineer where the wesl speds e in the desin. This
miows him o meke recommendstions o improve the reliabiity and
survivability of the product,

g1 This project centered on the deslon and construction of the Compuier

&ided Bipolar Junction Transistor Curve Tracer {CABCTY, is a usefid project

for both students and professionals using the BIT

L3 BTATEMENTY OF THE PROBLEM
A plot of characteristio curves ghives & mare complste picture of what can be

sxpectedd from g functions! Bipslar Trangistor than just passive testing of its




terminals, The characieristio curves are 2iso used to predich the performanse of &
BIT. But & B gneconomic having an oscifioscope ust o view g curves,
Retatiers and buyers of the BIT wart to be sure that the BIT they purchase really
works at Bs optimum. Students sre left o messure and pled the vanous
parameters with graphs and pencils when a more understanding of these cures
are needed, This projoct is eimed at reducing the above problems and promotes

better and faster learing and other Chouit work,

1.4 SCOPE

This project is fmited 1o bipoler junction Transistors only and focuses on g

]

specific characteristic of the BIT under lost, namely oo

soiorf emitber voltage

R

.

against collector current with the bese current remalning corsland,

1.5 LITERATURE BEVIEW ON TRANSISTOR CURVE TRAUER
There have boen 3 few projects on the Trangistor tesiar/ourve tracer and some

of them are desoribed as followed,

1.5.1 AGILIENT TECHNOLOGIES - The University of Goorgia Athens, GA




Together wi *"z a PL, the Agilent B36314 power supply can measpre an /Y curve

for g wide varely of devices and even e full famiiies of curves for power
fransistors. The E36314A can capiure the family of curves of o power transistor by

Hing 1 against ¥ In the manner just desuribed while aoplyving the base curent

from another of #s voltage outputs, Equipreent Reguired

» Furtion Henerstor such as the ﬁgiifﬁﬁ 331204

« Digital Mullimeter such as the Agllent 394014

= DU Power Bupply such as the Agilent £36314

» Sptent VEF softwars

1.5.8 MULTITRACE SYSTEM

The MultiTrace system is 2 sophisticated DO characterizalion tooh, Tt comsists of a
digital sampling Cures tracer and 8 %";sgé% rapacily switch matrbs s purpose i e
autrmate the collection of curve trace data '55’{37} deviges with many ping, The
MudtiTrare features Windows sofiware which is used {0 configure the tester and
b stors and view the results, The sydem s fully indegrated and includes a
stangdard fidure that supports up 1o 625 pins. The MultiTrace feabiwes a
Standard fixture box that features X PR ZIF sockel with 441 or 825 pins, The
MultiTrace makes a fully %f’%‘(i@@}?&i;ﬁ‘.{? systerm which fealipes sight poawey supplies

a switch malriy and windows software in one packags,




1.5.3 HMPN-PHP THANBISTOR TESTER - DAVID JOHNSON AND
ASSOCIATES
This is a BIT NPM and PNF tester and no provision was made for the oulpulting

of characterisiio curves of the transishor,

1.5.4 THE GOOTEE CURVE TRACER

Achvarwed Transistor Curve Tracer and Slecironic Component and Devics Tester
that includes bulit-in Triple-Output Variable Power Suppy and Slgnat Senerator,
It also has features 1o display bransistor BV curve families, fov multinle {up to 16)
base or gate currents, simulteneousty, on your existing oscilboscope. It also

-~ Easily spob bad components just by glanging st thelr "signatuwre”,

- Troubleshont more auickdy, Test components, IGCIRCUTY or out,

~ MATCH transistors, or ofher devdoes, to seiect "matched pairs”,

f’}“";g -

- s giz onoyour oscifloscops: current ve. voltage ogves Psignstures

ﬂ‘:
/

dioddes, capatitors, resistors, inluckors, plus test points In cliouils, sig,

1.6 ADVANTAGES OF THE CABCY OVER ALL OTHER THANSISTOR CURVE
TRALERS

Al except one (the multirace transistor tester) of the trarsishor fester
eauipments discussed ahove are analogue nperated whih means they hive go

along with the gscilloscope — which i hardly avallable and expenshve. The above




Transistnr tester types all have thelr different advandages bt how far can such
advaniages go i there o't much soonomical advantage? The CABUY System 5 a
fully mrogrommable digitel sampiing curve tracer, This means that the voliags
and cirrent data are stored i the computsy a3 3 Hgh of »aiam instead of heing '}
displaved on a CRY 25 2 glowing dob This digital apgwoach offers many
arvantages over an analog crve tracer;

1.} Bince the owrent and wvollage only nesd 1o be present when they are
sampdedd, condinuous stimudation of the device 5 urnecessary. Ansioy
curve ravers must constantly sweep all of the desired range of voltage In
order to display an entire crve brace, this corslant power Can cause
heating and possible demage. The CABCT requires only miliseronds for
each ster but can be prograemmed By be onger, Typically 2 pin ungler test
is subsiacted o currend for tess than 200ms.

2.3 Al data By each device i storsgd In 2 separate e on a hard disk, This

e

means thet the urve traces can be re-gdisplaved at any time after It has

neen acquired even if the device Is no longer availabie. An analog curve
tracer simply cannot display & curve undess the deviee s actually hooked
v, The CABRCT can store thousands of dats and setup fles,

3.3 Multiple devices can be displaved of once. This means that g good and
fatledd chaarberistic can be comparsd graphically, pin by pin, Curve fraces
cany suiomaticatly be compared aoomding o y%z;mr tolerances, ping on

iarge can be sorbed on oz opass sl basizs, On an ansiog cure bracer

o
Nd




somparison ¢

i ondy b done by Bipping a togule swilch bebwesn twe
devicos and visually gssessing the difference.
4.% Data & permanently retald Ty future cherking, Did conbrol device data

can be reused for comparison 0 8 new faflure. This gliiminates the nesd
i stok, and the risk of gdamage 10, costly (! somethnes rare) controd
deviors, Data from an analog curve tracer freguently fakes the form of
mand wirithen notes or soreen photos, This method of recording irevocably

obsrures the precision of the measurements, making i very difficult for

angther anahest to interpret the resulls accurately,

13




CHAPTER 2

MATERIALS AND 5YSTEM DESIGN

28 INTRODUCTION
This chapter desoribes the materials and owthods used Ry the desion,
corstruction and testing processes of the CABCY. The materials used are
esoribert urgler the fnflowing suby headings:

a3 Owerall system desin

by Blerirondc components and units/ subunits used

¢y Tools used

dy Gofbware used

2.3 OVERBALL SYSTEM DESIGN

The Computer Alded Bipolar Junchion Transistor Curve Tracer (CABCT) congbas

»’\

of @ peripherat hardware, connscied 1o the prinder inderface nort of the 1BM PO,
and software which the PC runs to oparate this hardware, S0 8 has two principsd
aég}%ctf; - Harchware anvd Softwars, The bindk disgram of the Mardware aspect is
shown in Fig 2.0,

o dispiay the characieriztics on the computer, we must be abile o sweep the
horizontal of the graph with the voltage Veoe changing from § to 8 levsd above
saturation but below the broskdown lovel This can be accomplished by serding

8 mm of slgnals vis the paraliel vt o
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tar collector using a DAC {digital o analngue converter), The voltage iy the
vertical van be accomplished by appiving the voltage drop aoross 2 small known
resisbor in the collechyy chroult to the paralie! port, This quantily to be messured
»4 corwerted from the voltage signat by 3 mathematical eguation 1 = VR already
progpamned in the software, Bach of these measurements 8 taken for sach

morernent in the base currend generated by the mmmﬁer using a DAC The ADRT

{Anglogus to digital wmz@ﬁw then transforms the measured voltagss 1o dightal
form for the compuler 1 decode, The software then infegrates these values intg

3 seguence that draws out the graph.

2.2 ELECTRONIC COMPONENTS AND UNITS/ SUBUNITS USED

The following sub diroults disnussed bedow make up the CARCY oirouit,

2.2.1 DIGITAL TO ANALOGUE CONVERTER

The outpul of a digtal computer 5 usefd as & conbrol signal or for the
generstion of varying currents and voltages for the bissing of the bransistor
under Test in this CABLY. But & transistor retngnizes only anslogue sionals and
iy order for the computer digiial output slonsd o be urdersinod by the transistor,
i %&35 to e converted into an anslogue signal. The Digital in analogus converisy

wis use for this purpose in this cirouft,

2.8 5.0 DPERATION OF A DAC




A DAL [DIGITAL 1O ANALOGLE CONVERTER) accepts a digital inpud code and
transforms i info an analogue wodtage, The digitel input 15 usually In the form of
a binary number with some fixed nurbers of digits. Especially when used
wpnnection with & oomputer, these binery numbers is called 2 binary word of
crmputer word. sigits are called bits of the word, The DAL conwerts a digital
word into an analogue voltage by sealing the analogue nulpud I be zom when
alt bits are zere and some medmum valus when # the bite are 1 The inpu
code ususlly appears in parsliel Le. simultaneously on g sef of inpud lines,
However I may also 2ppear i serial ~ a3 3 raln of levels or pulses on g single
fine.

For the purpnse of our work here 2 mag are uned Le.

= DACOBI B bit Digital to Anslogue Converter,

s L2918 5 bit Digital to Aralogue Dorverter,

2.2.12 DACASBATL GENERAL DESURIFTION

The DACOROLS 3 monolithic B-bit bigh-spesd curent-outpud digital-to-anaioy
cowwverter {DAC) The DACDEGL features high compliance complamentary current
oulputs o allow differentizl output voltages of 20 Yoo (20 wits peak o peak)
with dimple resistor loads. The nonfinearities of beller then D.1% over
remperature minimizes system error accumulations, The noise immune inpts of
the DACOBOT will accept TTL levels with the logic thrashold pin, VLG, grounded,
Uhanging the VLT potertial will afiow direct interface to other logic families, The

performancs and chiracteristics of the device are essentially unchanged over the

-
~d




Full .5V to 18V power supply range; powsy dissipation i3 only 33 mW with 5¥
suppdies smci % ?’i«:’iﬂg}@f?«iﬂﬁ% of the logic input states, s connection diagrams are

shiowrs below,
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Figure 2.1 Conrection diagrams for DACDBDA

Whers

22 0.3 L2948 OENERAL DESUBIDTION

The L3891, 8 muwwdithic 151 circult In g 16-lead dust in-Bne plastic packags

pei

coraing an errgr amplifier, 3 position arplifier and 2 5D DVA oonverter

accepting o Dinary code and generating a bipolar oulpul curverd, the polarity of
which depends on the SIGN inpub, For our use here, only the DAC will be use

its Mook andg connection diagrams are shown helow
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Figure 2.3, Connection Disgram
Flowre 2.3, Block Diagram of the 12318 of L2918

The amplitude of the outpul current §s 3 multiple of 2 reforence current Iref,
The macimur cutput current is

IFh = 2 (31/10) Iref

The following table shows the value of o fiy differant nput cotdes. Note that the
it Bits are actve low,

This D/A& converier has a maxdmum linearity ervor o sgusd In & 172 LSB {or &

1.61%: Full Soale); that guarantees its monotonicity,

222 ANALOGUE TO DIGITAL CONVERTER (4D
The voltage changes which resulls in varving currerss ab the colleckr of the

trangistor under test s analogue and for B o be monitored in g dgital form, by




thee computor, there bas o be o signet conversion from analogus to digitsl
signals ot the point of measurement. This is achieved in this ciroult with the aid
of an Aralogue to digiel comverter (ADC)

2.2.2.3 DPERATION OF AN A

An ADL labes the instondsneous value of an analogue input signel and then
produces as s output 8 code dighal word that with 2 welght that correspors! o
the devel of the analogus, AD {ﬂw;?i oritain soine uncerisinty over the corversion,
This s because the analogue input I5 a continuous signal and can take any value
within 2 defined range, whereas the dighal output can only exist as a fid
mmbier of codes. The uncertainty of an ADC 5 alled ouantizing ervor and will be
LA DELRC
An importard pararmeter of an ADD i the conversion thme the Bme interval
between the command, belng given to the ADC to begin the conversion, and the
appearance at the output, of the complele digitsl equivalent of the anslogue
vaise. The spesd of conversion vares with the type of ADC and can be a5 short
#5 & few nano seconds for the ultra fast type or a3 glow as severs! milliseconds,
A widde wariety of methods are used In arslogue- to-digital conversion,  The
range from the show and §§'§e:><:t;}emszive oy the very fast bypes wiich are theref ore
refatively costly, The common methods are
= woittage to freguency
s pargilel or flash conversion

«  gingle ramp and counter

SR
p




+ - Duall fiple ramp

B RLCess

2 ApErORimation
The method used i this project is the successive approxdmation corverier, Thig
15 3 popular method for use In microprovessor system since B s relatively fast,

hias

2 )’2

oo accirscy, and can be software controlled. The method recuires some
programiming logio Coftwars in the microprocessor If required), a register b hold
the result, 8 DAL and 2 fast mitroprocsssor.

Inthis project ADCOROA 8- A7 D conmverter I was used,

2.4.2.2 ADCOROYG GENERAL DESCRIPTINN

The ADCHEGY s a CMODS 8-bit shve approximation A/D comverter that use
# diffevertial potentiometric  ladder, This converter is designed to allow
operation with the MECEOD andd INSBOBOA dervative control hus with TRI-STATE
gutpdt latches divectly driving the dats bus. These A/Ds appesr fike mamory
Wcations or Y0 ports to the micropracesaor and no interfacing loglc s nesded
and s acess tme s 1350, Differential analog voltage inputs aliow Increasing
the commummode r&}&d%m arngd offsetting the anslog zerg Inpul voltage valus,
iy addition, the woltage reference Input can be adiusted 1o allow encoding amy
smgller analog voltage span o the full 8 bits of resolution,

Features

Fasy interface to all microprocessors, or operates “stangd

sione”, Differential analog voltage Inputs n Logly Inputs and outputs mest both

MOE and TTL voltage level specifivations, Wiarks with 2.5V (LM338) voltage




reference it has an On-chip dock generstor and operates with a range of W
b 5V anstog input voltage rangs with single 5V supply. No o adiust reguired
Operates ratiomebricelly or with 5 VDO, 2.5 vDU, or anslon spen adiusted
voltage reference. It has 2 resolution of 8 bits with a Tolel envor of 2174 158,

173158 andd 1 LSB. Haz o Conversion time of 100 us

Figure 2.4 ADCIEGY pin diagram

233 MULTIPLEXER

The interface characteristic of the nput port of the winder interface, the shatus
port, s such that only 5 lines feed back into the computer. The ADC convertar
converts the anslogue information inlo eight bits, Thiz means that an interface
ciroutt s required to connedt the ADC to the privder pord. This was achieved in
iz project by using 2 2 input 4 -~ bit multipleser, the 74157 10 a5 shown below

ik tabes the 8 hit
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Fgure 2.5, Oonneciion disgram of the 74157 10

of the AT and sends | 4 bits a1 3 thme Into the printer port with the ald of the

'-...

input autpul program executed by the computer, The 74157 5 5 quad 2-inpy
muitistexers which selects 4 bits of data from beo sourees prdder the control of o

common dats seledt input {5). The four outputs present the selected deta in the

ug {nonednverted) form

The 74157, ¥ input 4 - B multipleser was designed from the amalles

muftiplexer Le the 2 nput, 1 - bit multiplexer, Considering the block diagram,
b rusitiploxey showery below,

the truth table and the loglc oircut of 8 2 input

Thi 2 nput ~ 4 bit multiplexer ©

IMPUT A

NPT B

RELECTION

th¥ogs ceoglt Sacram 7inpud § b mux

{ayBlock Dlagram of 3 2 inpub 1 B e

Lo

2
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{ehyBionk diagramn fow 7 byma 4 bib multipheos
ithe ruth tabde of & 2 npub § B sui

Figure 2.6, The 2 inpid 4 - bit multinlexer

When the select ine is in lnglc 1, inpud A passes to the output O, this produnes
the truth teble shown above, Therefore the output 1Y, 2, 3Y and 4Y of the 4 bit
rrasttipdever are shown below,
The logic equations are;
1 = E {1 5+ 10 5
Y o= B (2.5 4 210 .8)
3¥ = B 3.5+ 3105

4Y = £ (41,8 + 40 .5)




2.2.4 THE PRINTER INTERFALE PORY OPERATION

The computer connects with the CABCT tlwough an interface known as the
paraliel port, The parallel port has 25 pins which perform various functions, 1t is
called the Printer inbvface port because | is normadly used for canving out the

printer operations but coudd be emploved in connecting other extamal drouits o

[e34

the compuber. When g PC sends dala o 3 printer or other device using o paratis]
port, #osends 8 hits of data {1 byled at o time. These 8 bits are transmitted
paradiel 1o each other, a5 opposed to the same eight bits being transmitted
sevially (ol in 3 single row) tYwough a serfal port The standdard paraliel nort s
vapatde of sending 50 to 100 kilobwtes of data per second. The figure below
shows the port map of the printer interface pot, The printer port on the IBM 8¢
s & 25 pin connector, offen referred 1o a8 & DB-25 comnsstor. DB-38 5 & 25-pin
comnector cable made for conpecting the printer o {%"g computer through its
paralied port,

Seatun Fegiater Prats Fegistey

s7 | | o) ws{nsloa s o2 o1 oo |

=
fow ot iozior o oslos m’}

Sentiel Begister

Figure 2.7 19 - 25 PORT

Td
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Thue Figure shows the pireout designations for the <o snnecior and the meaning of

ped

>,

the: ping, Note that ondy a Bitte more than heif of the ping e use. The others are
not comnarted nide the compiter o are grounded 1o the chassis, The data
sutput s comprised of eight binary biRs ag shown in the flgure. The control
port is also ao culpul port. The gulpyl lines are atched, mesning thel whatever
data you place on them stay there undit you changs i o turn off the computsr,
Ag showen i the figure, the status port méﬁve incoming Bres, Four of The five
status fines are the only ones that feed back inlp the computer from the CABRCT
The pling and thelr functions are ahulated s followed.

4 Prictoy Peaalied Port Ping And Thedr CABCT sdloention

PinNo  Signal Register -
%Z:ésma:tmn CABLY Mame
{DB25}  name bit |

!  nStrabe Ot Control0

&

Data-0  DACIRBILO)

ot
i
£
dmingnt-
N
flove
Janant
=
o
3
&
Bt o

5 a3 I/Out | Dated DACHBE 3)

8 L Datab | IDut | Datad DACR(EIL 23

9 Dawl WOk Daey ifé&i?l{%%ét 3y

28




0

11

16

17

address onde, Fach
abse in the PC shares with §, The parallel port contained

has the shimting address of BBB or 832 sl in base 10 rurmbering

Biisy } in

Paper-Cit i
Select In

~

Linefeed O
nfry In
ninitialize {3t

S R
8111

Privter

Groing

ﬁﬁég”“”}”.”ih.‘m”,

Statusef

¢ Crmtrod-
Stabips-3

{ordrol-2

Comtrob3

avionss VO porks

device o board iy the computer has an a

D3

RACLZB1B

| GROUND

% by using & unique

tidroay that no one

o the mult-RO card

3 ua?iy, YO

specify the address of the pott when vou instadl the board, 50 depending on the

adapter or card, the starting addres

are up b three port in the

therefore the starting address as mentipned above s used iy

printer interface- output, siatu

ar be 888 or $32. Dordin

sy since thers

¢ and controd ports,

the output port,

The neot address BBS or §33 is used for status pord, While the next address tn

the status port, B0 or 634 ix used for the control port,




£.2.5 THE DU POWER SUPBLY

The dout of the prolect reguires hwo different DO voltage supplies of 45y and
+%y, s necessary 1o supply the DO voltages o the device from 3 9V battery
angd with the aid of ¢ resistor achievs g voltage division which suppliss the 59 for
the counter and ADC, The voliage divider equation whith was used was as
Shews
Voo = (V¥ Rod /{8y + Fa)

Nhare: ¥y = voltage coming in {9V}

Ry = Resintor nesded for dividing voltage

Ry = Resistance of circull nesding Y
With Ha, ag about 700chms the value of the resistor will be

Byow F00 MOv-bBy} f By

= S600hms

2.3 TOOLS USED

Tools used in the course of this work ars listed In the appendic,

2.4 BOFTWARE USED

A computer, uniike pre-programmed machines is & generg? purpose device, Tis
nob pre-pogrammed 10 ake any specfic action other than 1o Initialize iiself

whaern you o £ on. A program 5 3 st of instructions, together with any fived




o, bt alse to any ather subiect that involves fiked instructions, Frograms

cant range fuwn the ridicobausty simple to the hideoustly complex, with all possilde
conditions in bebwesn, Thus, in order 1o desion a program for 3 computer, ong

st determine three basio elements:

1. The instructions that must be performed,
2. The grder in which those instructions ars (o be performed,

3. The fixed data required o perform the instructions,

Yeus myust determing, dearly and In detall, exactly what vou want the
cormputer 1o do before vou stort telling the computer 1o (;%z:,z it
Remembering that the computer will carry out the nstructions you ghe
i, exscty as ghven 1 can't ol what vou wanted; | can only do what
ok sald, Before your new [rogram ever gels anywhere ginse o 3

computer, there are several stens you roust take, These steps are:

= Define the problem — One must be alde (o clearly stale wihat the
compniter 15 10 aormanplish or rovhure 2% the and result of e achivilles it
witl carry ot

+  Define the splution ~ OUne nesds 1o ook at what information you have
avaiahle andd whal information you sl need, which will apply o that

restrast, You also nesd to define the squathns, logical procedures, or




ather methods you will need to use to manipulate the rew input data info
necoring the finat desired autput.

s Map the selution. - The third slep i3 1o ey out the sobution in 5 propey
sequence. Bermember thet the order in which actions gre taken s just 23
vportant as the actions themselves, The sidution procedurs needs o be

orgarized into its proper sequenss, taking cholces and aiternatives into

account,
Mowever, one will reed I consider the possible languagss a vaflable, and the

specific computer platform(s) as well, Different languages are often optirmized for
differant el of tasks, so it s imoportant to choose 3 languags that is well sulted
to the task, In this project the programming language VISUAL BASIC was sl

s configure the sofhware for the CABCY.

3




CHAPTER THREE
TESTING AND DISCUSSION OF RESULTS
3.1 INTRODUCTION

This chapter uts the varous tests carried out on the CABCT that hed been

designed and constructed. The test results are also distussed briefly,

32 TESTING

I the construction of the CABRCT, testing was cavied oub ab all stages of
pesembly. The simulation of each module wes made on 2 softwarg design
pockage and testing was done with the virtual strument provided in the
package. Thess are some steps taken while testing

« Pach of the modules on the breadboard was tested by applving test

Wy
5.&':3

nals to the inputs and then the outpuls werg monitored with LEDs,
digitat multimeter and oscifoscope (1o view the wavelorms)

»  The desired oulputs from sach of the unils wers caloudlated theoretically
with the use of texthooks and other materials avallable,

s The waveforms of sach of the outputs were observed from electrical
sirmuiation software which drew out the ideal waveforms. These
waveforms wers comparsd to those drawn In datashests and texdbooks,

After texting aif the modules separately, each unil was then assembled o &
conplete system on the breadboard and then connected o the BCs paraliel port

vig the DB2S ss*ra:zi cable. Next the CABLT control pragrams were coded, tested

31




and debugged, Finally the tes

g best dransistor to the Chrogit and viewing s wavelform on the screen,

3.3 PRESENTATION OF TESYT RESUILYS

3 of the complete system was done by applving

The test resull was tabulated as shown in figure 3.1 and 3.2, Where the different

waveforms gotb both theoretically and pracivally were tabulated In table 3.3 for

COMParisom,

DACL INPUT |

DACL OUTPUT

DACT INPUT

G000
{3001
0010
Gl
100
$101
3110
3111
1806
10801
viﬁiﬁ
i1t

1300

L O0mA

3

3985 ma
4.81mA
4,35k
4. 27mA
4, 35mh
4,37
5.35mA
5.37mA
LA4mA
5.47mA

5.74mA

5. 78mA

3000
G0
)
13§
3100
131131
011b
{1111
1000

1601

4 Gy




L5 aimA

L.83mA

5.883mA

11

11
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3.4 BISCUSBSION OF RESILTS

From the results gotten 5o far, i
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pEens

i
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an that the oulput

32 WAVEFORM O FOR A

Blfal

of DALY falis

s ooastput of the collecior DAL

w1 5.43v 10 4. 88volts. This result significs that the charactenistic

fall within thiz ran

Nad
i

and may produce ondy 2 sl portio

the entire characheristic rurve the trangistor under test hiegs, This

1 of

guie partly o

the blasing of the DALs and the nature of the DAL ICs. 1 will thersfors sorve as




3 recormmendation to others inferesterd In improving on this work 0 wark on
increasing the range of Base and collector currents and vaoltages fed into the

rammistor undler test,

3.5 PROBLEMS ENCOUNTERED

s There was gifficulty in obtaining some parts tike the DAD and A for

sharye
s Thave was ynavallability of assential test inshruments fike the osclloscope

» nadeguate Hme for the prodect to be carrled out,

+  Difficulty in %f'&i;er?mfmgv different paraliel ports as they have different
features: some bidirectional, normal mode {unidirectionat), enhanced
muocle, extended capability mods,

= Llnstable power supply affecied the pace of this project

+ The narrow range of input voltage the ICs would accent without burning

L,

3.6 BUMMARY

The purpose of the study was to design, construct and test o computer aiderd
BIT (Bipodar jJunction Transistor) curve fracer, Seven main units were employed
namely:

ay The DAC (DIGITAL TO ANALOG) - 1 unit

2




b} The DAC (DIGITAL TO ANALOG) - 2 unit

cy The TESY 83T unit

gy The ADC (AMALDGUE TO DIGITAL) unit

2} The MULTIPLEYING unit

£ The COMPUTER PRINTER PORY INTERFALE

g3 The POWER SUPPLY unit

hY The SOFTWARE PROGRAM
Voltages and various base currents were fed into the collector and Base of the
rangistor under test. A plot of the collecior voltage against its current {which

was rmeasured by finding the voltage drop across g resistor in the dircuit) was

done with the aid of the ADC, the minter paratiel port and a software program,




CHAPTER FOUR

CONCLUSION AND RECOMMENDATION

AL INTRODUCTION
This chapter concludes the shudy based on the matenals avallable, the methods
userd angd the results obtained. A numbey of recommendations have alse besn

made hased on the resulls obtained and the conchusinn of the studies

4.2 CONCLUSION
& ransisior curve tracer which s functions! and affordable for the use of viewing
BIT transistor curves is possible to be designed and constructed by students with

the use of a fow slectronic Components,

4.3 RECOMMENDATION
ging the first attempt, the CABCY lacks some of the advanced features of the

comventional osciloscope; however there is abundant ronm foy inprovement in
the following weas

o Toobiain a faster sampling rete, faster ADCs should be employed,

s For better svouracy ADS with higher resolution should be used,

o For better accuracy DACS well chosen and properly biased should be

selected fr use,

s & wichr range of characteristic curves should be wirked on




= T achieve faster speed of operation the drouit should be constructest in
form of 2 plug in card for 154 or PCL or PUMCTA slols so that the circult

can be interfacesd directly to the computer bus,

«  {nding the program in assembly language could faciitate Taster sampling
rate than when i high level languages.

s The Instrument could be bullt a5 a stand alone microprocessor systern that
can capture argl store and display the digitieed wavetorm in i3 own
mamory ke the hand held computer games

The department of slecirical computer engineering can be of immense help to
the studerds by the following ways:

= The design andd construction of slertrondcs prodect should be 2 reguiar
practice i all students of the slechrical computer department right from
thelr intermediate level, 50 88 to get them familiar with handdiing profedt
works,

+  The departmert should agssist the students fnancially in carmying oul mind
projects and the final vear project that gonsumes so much mongy.

»  The department should endeavowr to seasonally eguin themselves with

srtvical equipments and sllow students access them whenover 3

mractival or profect is carved out

b
3
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APPENDIX B

Tools Used

The table of components used is as shown below

tad

iE

S‘ﬁ",(

Digital o Analngue converter

- RBesigbors

{apacitors

Batlary

Cormpuber interface

Wires
Yere board
Mulliplexer

Transistor

- DACDE0]

L2418

74157

BC107

U OUANTITY

Resistors: All resisbors gre % watl, 5% Components.

Capacitors: Capaciiors are componends that are used 1o store an electrical

charge and are ussesd in Yy decuils




LEDs: Light Emitting Digdes (LED) i3 an optical source. (A %_..‘iis%%?‘ SOURCE}
LEDs produce red, green, vellow, or grange light. They are used i 8 rangs

of provducts,

kznmgmteﬁi Circuits: These were for different functions like analogue to digital
corweersion, Digital ton zméz:ygim corversions and multiplexing fundions,

Hookup Wires: A wirs is neederd 1o make connections bebween some
components, While on desion on readbrarnd stage, for easy identification, 1

needed wires with many different colors of insulation




APPENDIX C

VISUAL BASIC SOFTWARE

rivate Declare Sub whOut Lib "WINSSIOQDLL® (ByVal nPort As Integer, ByVal
niiata Ax Integern)

Private Devdare Sub «hOubw Ub "WINSRIO.DLLY (BywWal nPort Ax Integer, ByWal
rdsals As Integer)

Private Declare Function vbing Lib "WINOSICLDLL® (Byval nPort As Integer) As
integer

Private Dedlare Funchion vhinpw LD "WINGSIG.DLL” (ByWal nPort As Integer) 83

integer

Dy Current A5 Double

Dire b, MAX VNG, MAY ING As Single

D ReadV As IntegerPrivate Sub Form Load{}

Width = Screen Width * 17 Seb width of form,

Helght = SoreenuHeight * 1 7 Set beight of form,

Loft = {Soreen Width ~ Widthy / 2 ' Cender form %zz}zzwn’*‘§
Top = {Sureen Height - Heighty / 2 " Center forrn vertically,

Erud Suby

Function DrawlGraph{MY As Integer, MY Ag Integer, xs,a% Yyal, SFag)

i 559 ag = 1 Then Pichured Ling {0, oo L Helgh - (0, Ploure] Helght)

i
3




o

ditky Forn 2

¥ w vl ¥ (Pichurs L WA [ MG

= Piotrel Helght - Ofval ¥ (H et Height / MY the sulitraction inverts ihe

Pictred.Ling (X, Y}, SHFFODS

End With

Erd Funchon

private Sub Commandl CHck(y

Ty TableDB Recorisel MoveFirst

I Texti Text = 7" Then

Label? Visiphe = Palae

Comnpand2 Visible = Fabse

MsgBox "You have not entered any my shert Please enter 2 valid transistor
numberit®, vhDefaultButton? + vbbxdamation

Fla

“This code finds the {;{:‘err&:spc:;é{%m{; trangistor number
9 an exact number is not founst i finds the nearest
wnd then alerts you of this problem
Teutl Toxt = UCazs{Textl Tefxri;}

ToTanteDB Rocordset, FindFirst "”%” YPE = 4 Teatl Teug + 7

44




I {TxTableDB Rexordsel NoMatch = Troe) Then
MirgBox "not found”
Flge

Text2 Text

i

- Ty TableDd Recordsel Flelds{ "Package™)
Tewtd Tedt = TxTableDB Recordset, Flelda{"IcMAX™
Teotd Text = T TableDB Rerordsst Fialda{ oeeMax™
Teors Test = Ty TableDB Recordset Fislds{"HFE™
Labed2 Wisible - True

Cormmand? Visible = True

Encd I

End I

End Sub

Function DrawGraph{dy As Integer, MX As Integer, Xval, Yval, SFlag)

H SFag = 1 Then PidurelUne {0, Picure L Helghty- (40, Ficture ! Helghth

With Form

¥ o= Yl P {Pichure ] Width / MY

¥ = Pichure Helght - inai {Picturel Height / MY} the subdraction verts the
¥ s

Picture L Line (X, ¥}, SHFFOOR

B With

tig “’\(




Frd Function
Private Sub Conmend? Clickd)
Y Count = §
P Count = O
Y Valup = YalTextd Texd}
White ¥ ¥Value > ViahleDB Recordsel. Flalds “Yottage™y Ur Mot
YiabkeDE Recordset EOF
"v’%a%;sivff’“;{i,§2s:~3<;z:;r{§z5%z%:‘%‘«%we?«%&xt
¥ Count =¥ Count + 1

Wierwd

iahleDB, Recordset. MovePravious
Y Count =¥ Sount - 1

End 1f

1 Walus = Val{ Tex 3. Text)
while 1 Value » CTableDR Recordset Flelds"Current”) Oy Not
oy a?f'iﬁ*{f}%ﬁ,ﬁffi{?:}?"ﬁ‘“:363?;E{}?
CTableDB Recordset Movelext
I Count = 1 Tount + 1
Wengd

11 ¥alue < CTableDB Recordset Flelds{"Current”; Then
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(”?‘ ablel Becordset MovePrevious

1 Court o= | Count - 4
End I
‘the loop that sends the values to the appropriate ports
Gtableni Recordset. MoveFirst "Move to voltage start {Wrabieli)

CranieDn Recordset MoveFirst "Move to Current start {CiableDB}

Fort o= 3 To 1 Count

‘sargt corrent out and then wall
yhiiuk BR8, CTableDB Recordset. Fields( "Rinary™}

Por M= L To v Count
'send voltage oub B you reach the erd
conty = ViohieDB Recordset Fields{ "Woltage”)
yhingt S8%, ViableDB. Recordsel. Fields("Binary ™}
ViahleDR Recrdsel MoveNext
" Take values and store in the graph tables
“3t s added in order not to wipe the other four bits

it B89, §

foady = vhinp(BS0) ¥ 16 the multiplication shi fis the vaiue by 4bils
CwhDut 889, 2 'send data through condrol pin to tonghe MUY

Roaty = Boady + vhinp{B30]




SrarsDIB, Recorrset FindFirst "Binary= 7 + Sir{ReadV)

Drawlrarh 8, B, Ready, {sentv - ReadV} / 560, M g dhawes 8 line

GraphiDf Recordsel AddNew
GraphDB Recordsel Flelds( "Voltage™) = Beady
GraphDi,Recordset Flelds{"Current’) = {senty - ReadV) / 56l

SraphliB Becordset. Update

CTabisDi Recordset Mowelext
bext L

Erad Bub

4%




