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hapter One

Introduction

1.1 Expesitory Intraduction
The UMOS (Complomentary metal onide semd comshuctor) Laborstory kit as the

vimgnts o fnvestigate

narme implivs, i3 8 botory squipment used S conducting sxpe
ard domonsirate the fnctions and operations of UMOR mtegratad civoudt (183

Thus, the CMOE laboratory ks could be taken as any other segulyr leboratory
sguipment, just e the oscillsiors, voltmeters, mead-boards oie, in that they hawe
bosicatly the same foacSons vies used for comducting suporimenis,

However, the CRMOS laboratory kit is 2 special Inboatory oquipment beeause 3t s
dosigned o carry out differset Iaborstory  cxpermests withowt  any  poriphergd
compections, This is possible due to the faet that the URMOE eboratory kit corteins g ot of
differend components  amd conmections necessary o scoomimedste  the  different
exporinenis. Furtbermore, the OMOS Isboralory kit s Gesible in the sense that i can
secommodate new components in order fo enable new experiments which wers not
planned for onginatly,

Supynarily, the UMUSR leborstory Bl functions in the following way, The ki
slready comdaing the components and the commeniions nocesswy for the experiments for

which i is being intended for, The kit also bave o provishsn where the OMON integrated
cirpuit (80, whicn is being experimented on, winld be divectly commented. When the
connections are completed, the power supply ix then twrmed o The varous nguts o the
MG inteprated clreuit GO ping could then be comtrolled frore the fnput swilches on the

faboratory kit Thereafior, the ootpot of the UMOS 1 could then be moniiored from e

I

indteating LED 5 ou the nboratory kit




i hoiths the shudent ared

o that by what the CURHIS babwwatory kit i afl about, 1§ is simple fo use

ey wenetival, 1 also poes without spving that 1518 a vy wnedul nhoraiory equipment
Vi 3 i Ying k k

arer. Thus, it iz reoommended thet the depariment abwratory

i

shouhd have it

i.2

{¥biectives

e peimary objoctive of carrying oot this projent i figtfilh the obligatory

emont of the final yemr project s mwnrd of fhe Bachelor's Dogree in

for cmrving out the project

That been said, however, there are otho

These oiler oBIeCHves a0

s

et

4

(¥

The project, DROS lnboratory Bl i parried o 0 sorve o an sxpevimenial kit
for elecirical and computer emgineering stydents, which will enable students o
carpyout oxperimonts on the investigation and dempnstralion of the operating of
WK integrated ciroults and loghe gates.

The projest is oaried ont bovonse Gt the materisly needed for M8 construstion
could be found nrally, Thus, the priee of imple wnentation is relatively fow
The projest i arried out in ewhy 1o pain experienee in the design and
consiruriion of clectrival / electronies devizes.

The project i also carsid ol 50 A%t barpess shills st technigues in the dewign
ol ponstroction of elzetrical / electronios devices.
Lasily, the projeet §s carried oul so as o pul inte pracuce the theorles fearmed over

the years in the Flectrizel and {wnpoter euginuering PrOETamne.
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1.3 Methodology

The proiecy ok a period of about three months 0 complete, Thus, # & only

pational that it was done o g ploce - meal manner Lo slep-by-siep. The various sieps /
stages taken from inception B complets the project are

Step 1 Piesthy, the project lopic was chosen aller due comsidoration with the supervisar
The prdect (opic was choson on the basis of He usefulness (o the student, department,
upbversity and the workd at large and s orgativi

Siep 2 Necondly, rescmches was taken into previows weorks of otbers w the mee of study
related o the project topic. Vhese ressarches wore done il the walvernty Hbeary, the

g Blecirical and Computer Enginesvingg Hhrary amd on the intoenet, The

Mu

depariment {

pesearch waterialy were gotten Bom debooks, hoandbooks, joamals, past progocts and

sy Ehu dnterniet.

s WS SN
vapious griicles
step b Thidly, the scope of the project was oolbined aller due consuliation with tdw

supervisor, This was done i ordir 0 alfow By proper plansing and budgeting in carryving

ouf the projeci,

.
H
H

Step 40 Fooribly, all the wsterials and compononts necded for the projeot desten and
copstruction were ientified and obtaing

, the desipn and construction of the projeet way carvied oul, stariing from

sep

thi power supply.
Siep 6o Shrbly, leets and troubleshooting of the project was carrded, with modifications
WwhHETe fEoessary.

Step 7o Then the experimuets for which the projest were mieant for {set in the scope of the

profet were carvied out and properly docomented.

Step B Lastly, the wechpica report of the project was wiilten.

b3
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1.4 Scope of the project
Theoretically. The projest hus ne mil fo is scope vacept that 3 is meant for ol
CRO8 integraied cirouite. However, due o 3 munber of fetors which include Soapcial
factor, thne faclor oty foy the parpose of this prdect, the scope of the CMOS leboratory
kit serashd he lmied to the investipation and demsonstaten of the opertions of the

following URMOS intepratesd clronits and logio gales

4611

-
™2

~ingurd ALY pates

it 40001

f]

S HEHEOLE 3 pates

jii, 4081 T dnput AMI gales

o
NS
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ey
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2 - input OR gate

V. 4013 D - pype Hip top

A 4518 Binary /decode counter
vil 470 7 lnpuls By - O gate
viit 4089 Hex HOT gaw

However, if different MO inegrated clrouits, other than the ones named above,

are neaded to he axperbmented on, provisions are made on the project to accomimodate

components thar will enable the new exporiments. Thus, # oan be said that the scope of

£.5 Hourees of Mulevigls

red ko bwn vizg the softwars

The materinds used o the prodect can be oal
and the Hardware,
The software fnookves the research knowledpe used in doing the projest. Thess

were obtained from the rescarch materiale such ax texibooks, Journsds and gritcles which

are available at the university and department Ubrary and on the interet,




While the hardware involves

comstruction of the projoct. The cumponents wore obinined frog

shops. The other materials ke t

bardware shops.,

1.6 Limitatiops

The project belng simple and vary practieable fo implement has Hitle or 5o

:

Gritasions, The only main eonstraint fo Bs achiovable pertnmmanee is faulty / defective
companents.

Wiile other lunitation fwhich is minor snd has no rousteaind on the schicvable
prrformance} is the fack of “sophistivated fabrioation techulgne. That ls 1 say that with

V

of the project could be

superiy {abrcalion pocess the appesranis {Le.

highly Bnproverd.
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Chapter Two
Literaiure Beview / Thesvetical Background

The OMON {dightald Isbosstory kit s a device which is desigrned maioly fo

nyvestigaie CMOS itegrated clronits, That 2 1o say that the U083 Inboralory kit is taidld

H

on the hasis of the propertics and operations of UMOS intograiod viveutls, Thorefre, the
CURMOS bn penral, has to be undorstoosd. Thus, i leratore seview amd theoretioal

hackgronnd 18 given in the following pagos.

2.5 Literature Heview
The OMUN {Tomplomentary Metad-Ouide Nemiconductor is g mgjor olass of

sy, yerccondndler, static RAM, and

egrated ciromil UROE ohips include ndoropms
orhir bopie clouits 11

The word “complementary™ reier o the G that ihe design uses complomentary
pairs of P-iype snd ntype MUOSRFET G metab-onide semiconductor field effes

M

ipanvistora} fransistors for logic functions, only ope of which s switched on gt any time

Two importand chargoteristios of CROR devices are high uoise bmmunity and Iow

“

,,,,, " .

statie power supply desing Signilicmyd powsr is ondy sl whon s bangisiors are
switvhing between on amd off states) conssguently, CMOE devices do not prodice as
sipch as hest as olher forms of logie such as TTL (Lo trarabvior-teansistor logioy 141
CRACE aloo allows o bigh density of logle fanetions cva chip 151

The phrase “metlonde-semiconducior” is a refance o the nature of the

fabrication process eriginally used o boild UMOS chips. That process created Seld effvot

transistors having a metel gate clectrody placed on top of an oxide Insulator, whivh b turn

N,

.
S




i oon wop of o semiconductor waterial, hastond of wotdd, foday the gate clectrdes are
almest alwavs msde from o differcnt material, polysilioosn, byt the same CRON

k3

severtheless continges 1o be used for the mndern descendonts of the ovigingl process 18],

2.2 Historics! Background
CROS  clrmudte werg dnvenied  in 953 by Prank Wanlase st Fairchild

Sempmonductyr 7.8 The frst OMOS integrated obrouits worg mnde by BUA in 1968 by g

ey
Eg
.

o alternative to TTL, OMOS

group lod by Albery Medwin, Originally a low powy b
foumd early sdoplors in the walen indusiry and in other flelds where baltory HEe was wore
inporiant tan speed. Some twenty-five yvoars later, CMOS has become the predominant
wohnodogy i dightal inlograded oircuits, Thin is esscntially beosuse wres ocoupation,

.

operating speed, enorgy efficieney and manoBichuing costs have benefited and continue

i bensfit from geomediic dowosiving that comes wiih overy new generation of
serconducior manuiacturing provess. In additton, the shmplicity and comparativaly low
perwey diasipation of CMOS circoits have sbowed or iutegration densitios not possible ov
the Basis of bipolay junction ransistors,

Standard dsorete OMOR logie functions wore originadly svailable in the 40040
sevigs of logic inegrated circuits, Lador muny functions in the 7400 series began o be
fatwicaed n UMOS, HMOR, BICMUOS or another variant {91

Early UMOS chrpuits were very suseeptible to damsge Bow clectrostatis discharge

3,111 Bobseguent gooerations were thus equipped with sophusticated prodection

ciromuy that helps abuorb electrio charges with no dumage o the fragile gate oxides and
f-junctions, S1Hl antistatic bandbng precautions for semivonducioy devives continue o
be followed 1o provent exoossive energies from building vp. Manufacturers recommend

peing anistatic precantions when adding & menwry oduly 9 a computer, for indtance.




sed aluguniun

O the other hand, sarly penerations such as the 4000 senes

s g pate material were extremely wiesant of supply voltage variations snd operated

sovwhere frovn b o 18 volis B3O Por many vears, CIMOS Togte was designed o operale

Srom the then industry-standard of 5v imposed by TTL. By 1990, fowey power dissipation

was wsually meore deporiont than casy inferfacing w TYL, il ORI vollage sepplios

hepan 1o drop along with the peometric Hmensions of the bransisiors togwer voliage
ES 3 %

biale

v sgved power, bt allowed thiner, higho ¢ performancs gate wsulalons 10

o

supgiies not ond

ge Below ops voli

2
todd

b psed, Some modorn A0S clronits oparate from volia
in the early fabrioation processes, the gote rlectode was made of shasinium,

s

e {Cpslysilioos™n which can

Later OIS processes switched
better toderate the Biph femperatures used 1 anpeal the silicon afier oo implantation. This

means that the pate can be pul on early in the panoess sned then used directly as an dmplant

=

srask producing a self aligued gote {gates thal are not s 213 reuire overiap which

mereases devics sive and stray capacitanogk As of Y there e some rescarch indo using
K é ¢ ’A

$

meiat gates onoe again, but all commnly used processes have pobysibioon gates, There is

alse 8 great dead of research poing on to replace ihe silicon

Wigh b-diclontric material o combat inersasing teakage corrents JH2L

2.3 Theoretiopl Background

MOS8 (Domplemendary metab-ovide semivonducior: refers @ bolb a particular
§ ;

J

e used to implement thad

vhe of digital shouitry design, and the fmnily of proce

st
cireuitry on jutegeated eirouits (dips) CMOR logio onoa £040 ¥ procaess dissipates hess

enwrpy and is more dense than other implon sentations of the same functionality. As this

advamage bas grown and boeoms more dmportant, R processes sndd variants hues

ol

o~
e




commg 1 desninate, 30 that gs of 2004 the vast magonity of inlegrated cironlt manefactsing

by money vodume 15 on UMON processes.

251 Sirugturs

CRACES logae uses o vombination of Piype and o-tyvpe meiab-oxide semiconductor
fiedd effeot toandstors (MORFETS) 1o imploment logie gates and other digitad clrouite
found in compeiers, felecommuonications and signel processing eoulpment. Although
CROS logic con be boplemented with disorele devices (o instance, in on introduciory
carcuit elass), fypival commmroinl OMUR products are teprvied cirouite composed of

N £

mittons tor bundseds of mlbions) of wamsistrs of © 5 o g rectangular plege of

silivon of belween 0.1 and 4 sguore ventimeiers, Thess bits of silicon wre commaonty

valied chips, slthough within the industry they are also referred 10 a8 die, perhaps becmse

thoy sre the result of diclng (Lo, cutting up) the silicon wallr which s the basic unit of
segnimobucior device fabrication

In UMOS logio pates, a oollection of a-type MOSFETE is amanged in a pull-
down netwirk bobwesn the nutpot and the lower-voltage power supply radl {oflen named
V.o while 2 colicotion of p-type MUSFETs is armnged in g pulbup network between the
sutput and the higher-voliage rail {oflen named Yig) 1131 The ptype transisior nebwork is
somplementary 10 the n-lype oans istor petwwork, g that the wetype i off, the p-type 5 on,
and vice- veraa,

CMEE fogle dissipates power only when switohing {dynamic powarh B type
MCFE T are complomentary o n-type beomse they s on wh th i gate vollage
pows sufficienly below their source voltage, and boomase they can vl the deain all the

way e Vg Thus, if both a piype and s-type transistor bave their gates commscied to the

ne inpel, the pivpe MOSFET will be on when the notype MUBFET is ooff, and viee-

$19381

e




a peivne MOSFET, setvpe MOSFET and CMOS are shown
Pty ¥y

yorss, | he cironl dlagrares o ¢ .
hedow,

irain Tirphes

E——— 131

ST B S

Fig. 2.2 {8y o~ channed BOBFEY Fig. 2.7 (b} ¢~ channsl BORFEY

et
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Figg. 2.3 clreuit diagram of ORMOS (140
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331 Powers Geitehing and alage

£AOR choulls diagipale power by charging st discharping the various toad

CAnATHENIOE frposily  gait andd wirg oB waoibance, D slun e and aome SOURSE
X g B d

CHpE T ot whenever thy AT avaitched 1154 The chorgs mowed 18 the cmanitEnce
F » . 3

ppitiptied by the yoliage. 1.€
(3= (¥

s e current used is derived

Wiers (3 15 chage, L is capasHance st ¥ i woliage cha
by mutliplying 1 the charge wilh awitehing fregueniy L2

p=Qf = Ovf

sives the choayagien istims swiiching

Apd paltiphyiog 1he corrent uwsed, 1 by siltage, ¥
pivwer dhasipate edd by o URADE device Lo
g §Y e Y

A different fopm of pover cORSUR giti it s wires on e i

WATS pates ot e of

heoome HRITWeT and the long wires buerarnie T
thosp rosisiive wives seR show pul B8 aition. During e rididie of thess twand sitions, poth
the petype and pAYPe SACHFETs nebworks ame pariialiy €0 aibuetive snd surrent {lorws

directly from Yao 0 Y. The powes ihus weed is called crowdar power (1614 el

o han ameliovaied ihig effect, wnd

design which avoids weekly driven long shipmy wi

ety hat power is nesrty abeays absimially arnatier than s o hing pewEr.
s N teell

Y

Yoth wivpe el pedype RACSEE Ty have o i satigded pote-toe SORCE volape, helow
Ty 3 st A

wich the current sarough the device sdrops EAPRORETE vially. thigtorivally, CMO3B designs

B 230

s pch larger than thed dyreshold volages (Yar 18 ikt b

gpermiad supply vollag
hoon Sy and Vi o7 il potype gl poiYpe WMOGFP Ty might save L heen HEIMY) But o3

"

suppy voltages have wuns down b0 CORBETVE POl e Wag 0 Ve 8 short olropl 8B

ayvoided.

i1




3

However, 1o speed op the designs, mumuficturers have switched o gate maderials

’4

which lead to hower voliage thresholds and & monders w-dvpe MOSFET with 3 Vi of
20U has a signiBioand sb dueshold leakage Coment. Dusigns {o.g. desking processors)
which ry 1o opthmive thelr fabrication process for mintoum pover dissipation during

operation have been lowering Yy, so that leskage power boglny fo approsimnaie swilching

P

hese dovices dissipate considerabde power even when nod switching,

nower, As a resulf,

i

eakage power reduction using now matosl and sysiem design is onticad to sustaining

2

Fhe wdustry s conlomplatimg the Intredection of ligh L-DHelechiios o combat the

Iy

increasing gale leakage ourrent by replocing the silicor-dioxide that are the conventionsd

gate dielectrios with yuaterialy baving o higher diclenirie consiant,

233 OME Chorscteriatics

Fhe OMOS togic bas oy nice charackorisrics which makes it the Jogic of chnios

amt henee g dominanve in the indusiry. These vhanots

i Suppdy vodiage

CMOR logie has a wide vange of supply voliages. The HO and AL CMOS

farthies roguire a wupply vollage of 42 to 46 volls, wheress the 400008 and 740 OMOS

I

A owols Y

the HOT and ALT OO

farmilier require 2 supply vollage of 4% o +}

e

s, destgned for compantbality with bipolar V1L, voguires 5 velis,

,... IS

famnibie

s
v
B

fngpai

o

RN logie has threshold voltage nominally wt balf the supply voltage (though

with considerate spread, typically 173 10 243 the supply voltagey The HOUT and ACT




Y. oy

i

3 b threshold sbmibyr o bipoler T

¥ fanulies are

compatibility, sinee o bipolar TTL oolput doss vot swing s} the way 48 volls,
The OMDE, unbthe the TTL, has no nped pusront, RO mpols are cusceplible o

damage from satic electriclty during bandling, Thus unusesd fnpuis shoubd be ted bigh or

- ¥

b, 03 necessary. oo g, 24

DROS v tpk
teskans

W.._M

Lurrent

~.

i . .

Vg eronnnenone I BECHE clinddey
}

,i

Fig. 2.4 COS inpud charscderisting
fik Putput
The CROE outpul stage 15 & tomedon MOSPET, cither o ground or 1 ¥+ e,

rail-foerail ootput swings, This also applies i fhe HOCT and ACT UMOSR families which

are designed for compatibility with TTL In geseral, D fumilies (A, ACTY have

greater outpes drive capebility then the than the dower Busilies (40008, 74C, HO, HOTY

% !  ran
; 20
R % o

; AREHHH

Thatpni yoltage

%
PR ; it SRS
|
i
;

H 2 3 4 A

bragnd woiiage weeemrcesion s emecasissslgh

Frg. &5 CREOR ogmpt ahisreaterisiiog




iy, Spend and Powey
The ORI logic vonsumes oo guiescent curront Howewver, thelr powy
comsanption rises Hnearly with necessary fregquency {switching oapagitive loads requires

currentt, and CMOS operaed near Hs upper Gequersy Bl oflen dissipates as muwh

e as the equivalont bipolar TTL family. The speod range of O408 goes from sbow

InAH (lor 40001740 1 Svito about THEM Mz (for AC/ALT Y Bee fig, 2.6,

148

i

?

Fowey shagination {mw)
™
ad Y

L4508

iR

' i b ; i 4 -
T ik $ink Tk e G0

Frsaypsnngy (Hed

Fig. L6, Cande pover diasipation versus froguensy {spewd)

234 OIS Lagle Sunilies

The OMOS logic s avallsble i & populer wibiamibies, 40008, 740, MH,
FAHOT, TAAC, 74A07F Thy ol offer the sare Rungtions and with 2 pretty good degres of
posypatibility between them, The difforonces have o do with speed, powsr dissipation,
owtpt drive capebility and logiv lovels, The charsoreristion of the various CMOB logi
farndlios wy glven intabide 2.7 bodow {191

oghe 0 b developed, in 197 20,

S wan the frsf OIS

The SO008-ceries {77

.

eriadly the same bt wish 74femily

Nt

Thic was ollowed by the 7400 suries which s ess

funciions and points iaking sdvantage of the tomendous success of the 7d-family bipodar




fogie, Dnring the 1980 came the romurkable development of URIS fogic with the speed
angd canput ddrive of TTL Sest 74RO CHighe-speed UMOS"Y with the same speed a5

TALE then TAAC CAdvancod CROSTY with the same speed as T4F or 74 ACY Then

eoch of the UMOE family s offored fo a vartant with e Jower tnpu threshold so as o
facitigte compatibilily with older TTL. These warants are the TAHOT (“High-speed

CRAON with TTL threshold™) and the FADT (CAdvanced IMOE with TTL threshold™)

FThe hest tvpe for most apphostions s onsrently the 748 series,

Table 2.8 UBOR logic fumities’

charagieristics

515 4

LY { M Ay fanip of
{mvelpaie) dntrosdustion
Binx
vy

6 1985
5.5 1985
& 1982
5.4 $E2
iR 1975




{hapler Three
fresign and construction
The destgro and constraotion of the CRO5 laboratory Kt was carvded oul in
basteally twe differont parls which are:
i The power supply
i The CWOS feboratiry kit board
Fhie geners] block dagram of the CMOE lubortory kit shown bolow Hustrates the

Gifferent raris {or blooks,
i L _

PR I e I TR, 4 e e e e e e A e et e s s e e e e e e e e e se e ey

; PART Y pragey ¢
? ¥ i
; ¢ i
N ¢ .. <
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AN Al i i H AVAN LR S AR A IR TERE H }l:':} ,..;"51 % 3
: P £314 ! ; 5 ;
; e o ; ; ORI, ’ .................. o, e T 4 :
X : i :
: : ; :
e H ¥
. ¥ 3
. 4 4
ke 4 :
¢ H :
b «
: 3 e : 1
H k] i 1
: : % }
b H H
» K - 3
H < 13
H K3 2
3 H
< . v
2 7 b

Fig. 1.1 General block diagram of the CHOE nborstory ki

3.3 The power supply
The desipgn and the comstructivn of the power supply to the OMOS Isboratory ki
were done separately, The design was fin done and then 8 was implemented for the

sosstracton of the URMOS Ieboratory kit

6




313 Dhesign of the power supply

The power supphy was designed g

o facibiate use with CMOS s
Henece 3t wag designod wath pespert o the feaperes of OMOS 07 CMOS H g, a5 earlier

sand, veork with a wide range of volages vangiog from Zv to 15y, Thus, the posrr supply

was designed 0 produee the vollnges: 3w, Sv, Bv and 124, fn D0 from the 2y AL

ohiginable fom the mains, To achivve this, 2 Boeer power supply design was vsed. The

chrouit dingram of the power supply 15 shown below:

PO
................ :,8,;

eaivy AL

P A

¢ AR A 1+ SRR 2

N
3 o
?\{f 1'% } o s ‘
5‘ . 'y ("“z’/ >:’ by '}(
g 5 SN

rasaansann
SRR
§
el
S
i
fo]
Sy
gk
s
jreey
H
H
H

% i 41, % %

o }—n—-»,\. . jante Saitet EARat e - ik :é, H
'}.. Je + 3

xE

Fig, 3.7 Power supply givouil dipgram

The first stage of the power supply choult s the transformer stage, A this siage,

the 240v AL from the mains i3 depped dowa 1o 13 by the transformer,

The newd stage s the rectification siage. AL this slege the 15y fom the secondary end of
the tupsformes is rectified 1o g divect vusrent vollage by the rectifier. The motifior is g full
wvy bridge rectifier designed with o bridge network of four disddes. The wavelium of the

rectified output of the rectifier is shown belm
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The gate o zero woltage oovurs becsuse of the sHo
st reetified o

shodues o
Y

¢ forward vollage dinyg
avefonm 3’ good for much as 3 shoudd, Bt s D only in g
sense that it does not change polaris

o g W

he
v, Thus, in order to geporaie g gonpipe Do, the vipple
st bas 1o be smoothed out, Thus i done s
b the M

the next slage

cring stage, 2 floring caparitor i omployed @0 umoothing out fhe ripg
w wavelrm, The capaciiance

of the filtering oapaciior emploved

is chusen o he
by proportional 10 the ripple gradiosd of the powsr suppdy {211 Thus, the following
cadualations wore made

<

iy ol a sui

rabde filtering capacitor §
Foran rms vollage of 13 volts 98on the oulput o
s =2 X0
Yook
w2 Ry

b powey sugpd
ravesiorms
i

o
v

Asmurning

3 peak-o-peak vipple voliage of 1

3% the pesk voltage, we have
4t
VR ’ <
de o= 5N TEE 0 dnd o= e
iy
(8w

-+ § = paxdeeen cwrent in cirouit 1A
13 = shme bobween pogis of g vollage

=34 T {for s fullewave rectifiern)

=0 U gwhas Fis froqueney of ac village 4

2 5y He)
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Se, 8 3300f capacitor which s the closest 1o 3225 Bpf wvalluble) was emploved a3 he
filiering capaiton

Eastly, the final sty oF the power consists of the veltage regelators, The need for
vodtage repulators arises from the fact that there va st soene remaining ripple in the
ouiput Tom the filter,  The voliage wegdators hold the puiputs o the reguired values
repardiess of the input vollage varigtions. Henep, 7805, 7808 and TELD vollage regulator

H's owerp used o ;zmmﬁa w8y e, Hovde mmb Sl veltage outpas respectively.

However, 2 voltage regatiator 1 for 3v do was anavailable, henoe and aliornstive methad
wips prad,
The Yv de outpast was achieved by wsing » toansistor configortion whershy the

exnitier of the fransistor was biased spproimotdy o produce 2 3v supply, The power

wapsistor veed 18 13313 apn transisior, The wansistor configurtion is shown below,

i
D ,::7
T yenteasnd

Fig. 3.4 Transisior configuratiog o
obtain 3y

The vabie of the resistors By and By used were determined from the flowing
sadoulstions.

The resistor Rumd By from s potential divider sebwork, honve!




Syalo s‘ofgi’,wsr‘z% et v;‘:!‘z,{.‘:;ﬁ;'.s;‘imi iy e g

+is 5w, The oulput

desired bs dv and By 18 assmed to be ki Therelore
§

Therpfre, 163 and 13442 rosimtors weve us e i the ansistor configuration o

-

provide the Jvde outpul.

332 Construction of the Power supply
The peower supply Wis ¢ nstrissios afier Hs design was comshetod. owas
constrmied in the stages sccording io how it was designed. The componenis ysed for the

comstraoiion are:

i, 13w step - duwn trassfonme
i fll - wave bridge rectifier (4 diodes)
i, B capaciisy
i m TROS voltage regulator JO
Y. 1 a4 TEOS volinge mgalator B
Vi, I8 7812 volinge regulator HO
wit, 3313 npn fransistor
it 1i6y, §5KET rosision
The construction provedurs sfeps taken e as fotiows:
» The ransformer eads wers soldered 0 a vero board.




b2 A bides network of four dic was connocied o form the fulbwave beidpe

sectitior. Then the Badbwave bridge rectifier wos conneoied (hy soldering) to the leads nf
the transivrmey, appropristely. Forthermore, one {ormingd of the Flbwave bridge molifie
was grounded.

& Yhe 3300u} Blioring capacitor was then connecied e output of the Tullowave

bridpe rootifier by the rositive fovminel wherohy the nogative lerminad was grounded.

& Theretors, the T2, 7ROY and 78S vollage regulsior 178 worg conmeciod, Thely
respective input weminads were sonnecizd to the culpa of the lering capactior and the

5

gromnd wads were grounded. Thelr putped gives the reguired 1v, 9% and 5v do supply,

¥ The D313 wpn imnsisior was conpecled o the Sv osupply with the collecior
wrvingh, Then the Tk amd 13K were vonneoted fo the collesior-base and base-omitter
giveuits respectively. The ansister was grounded by the baye ormiual while the omitler
serminal gives the 3v do supply vequired.

3 Plugs were connected to the voltege repulator 17 ao that any reguired voliage

supply negded can be readily plugged e 8 socket provided from which power is drawn

fy the RS M5,

w Lastly, a switch amd an indioaor LEDY were oonnected. The swileh's purpose s ip
gempirod the supply of poveer while the LED indicates i the power s suppdied o1 not.

32 Fhe labovatory kit hoard
The laboratory ki board I the naln body of the UMOS Iaborstory ki In fast, s
the ossence of the protect. 1t is on the leboratory kit booed that the oxperiments would be
%

performed on Thesefore the design and subsequently the construntion of the laboratry

kit bosrd was waleriaben dibigontly,




323 Desigu of the boratory kit board

The destpn of the leboratory kit boand was an oxpansive. This i due o the fact
that the UMOE leborstory kit was intonded for various experinents o investipaie and
demonstrate the oporation of & number of Hffereny UMOR B The UROR V¢ 0 be
experimented on s

A0 Zetvmit NOB gotes

-

it 4011 2-input AN gates
i, 4081 Zoinput AND gates
Pv. 4071 Teinput O pates
9. 313 13 vpe Bip-tiop
vi. 4065 hex NOT patex
A470 0 2 imput By OF pates
vidh, 4518 Dhsd decads (0497 counter
Therefore the desddgn of the laboratry B board has o mflect the mdivideal
operations of the UMOS B« mentioned above, These operations of the UMOS s we
now cuthined below:
i 4001 2-input MU gotes 122
The 4001 bay four soparate Dunpod MOR gates which can be used independently

The pin connection of e 4001 {8 shown bolow:
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The troih table of cach individual gade 1

Tabie 3.1 Truthdable of 3 BOR gaie
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Where 0 represents 2 how voltage and 1 ropsesents a high voltage, The

bebavior of a single MOR pate concbe investigated using thin oiroui! showr belosy,
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Fig. 3.8 Choult disgram for investigetion of NOR gate bahaviour

The inpuis of the gale nwst be cormested eitber to low or 1 high, and must not be
left open cireuit, Thiz is the funciion of di wnp switches with thelr pull down resistors,
The cutppg of the gate i comnected to an indicgtor LED which goss on or off deponding

o the combination of thy inpuls,

Mot that pin 14 of the 4007 i connected to vy amd pin 7 40 Oy,

el
Lo




Ho ABI Zednput NAND gates {231

The 4017 hus four separse 2-input PLAMIEDY pates whish can by used

indepensiently. The pin connection of the 401 by shown b

L R 1
VES Y 7L

Fig. 3.8 4847 pin connsctions

The truth-iable of cach individual gale s

Tabde 3.2 Troth iable of 5 MARND gaiz
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The behaviowr of a single NAND gate can be mvestipated using this circult shosn

b

below:

N
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Fig, 3.7 Cirenit dlugras for domonsteation of MAND gate opention

The inputs of the gate e be conpected, oithor o low or o high, and must not be
et apen cirendt, This is the Sinction of the input switches with thelr pulb-down mesistors.
The ouiput of the gate is conneted o an belivator LED which goes on or off depending
on the combinmtion of the inputs,

Pin 14 of the 4011 s connected to ¥9y and pin 7o §
iti, GO8 T Feanput ANLY pates 1741

The 4081 has four separate Zodngut ANDE gotes which ou con use independonmly,

The pin coamection of he 4081 is shown below.

YV 3 - iy

Fig, 1.8 4081 ply conngstions
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The gl table of each wdividus! gote 3s

Tabbe 3.3 Trsh isbie of an A% paie

The beburviour of 8 single AMEY pale can be tnvestigatod using the ol shown ir

fig, 3.4 belpw, The hpuls of the wate must be connecied, sither o low or to bigh, and

st not be tofl open oiouin, This iy the funetion of the npud switches with their pold

duven resistons, The outpol of the gate s conpected to an imdioaior LED which goes ON
L= &

or OFF depending o the comdination of the inputa, Pin 14 of the 4081 15 connecied o

4y grvd pin 7 o oy
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Fig. 3.3 Dlroult diagram for demnnsivation of AND gule aparstion
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x

. A1 2einpod O gates |

fonr separate T-inpg OF gates which can be used separately, The

pin comnzetion of the 4071 s shown below,

.
7

44174

Bt wnp e 18y

Lt

E=N

1]

N

Fig. 3.4 4071 pin connections

The wruth table of each udividual gate i

Tabde 3.4 wath table of an OR gate

bnpgt B3 Inpol A { dstpud

The behaviowr of g single OR gaie cap be investigaiod using the obrouit shown
below, The inputs of the gale must be connevted either o LOW o 1o HEGH, and must oot
be open olrpuit, This s the function of the Input switches wits thelr pulb-down resistors.
The output of the gote is conmected f0 an iwdicaior LED which goss ON or OFF
depending on the combination of the inputs. Pin 14 of the 4077 is connected o 9 and

piy 7 10 v,
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Figg, 3.41 Clroudt dingrom for demonstration of OR gels opsyalion

V. 44313 Prtype fip-Hops 126

The 4013 has two DHivpe fip-flop whivh can be used indepondently. The pin

.

conpecton of the 4013 is shown iu g 3007 () below, A Didvpe Gip-flop, also called "D

fype bstable’, iy o subsystom with twe stable atates. Using sppropriate input signels, you

van trigper tie Hip-flop from one state to anber, Fig 31200y shows the inpw apd oulput

somnertions of a single Dhtvps bistable

S 4013

: "“ 1 Wim E VNG ¢4~ thy HR YA - W ] b {\’i bt
} T ;w ) {" " R ﬂ: 2

aiis Y o - 113 CLOCK ¥

3 - M§ EE
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3
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e . b T
Bi ; 4} §11] = i
e i3 I3 I B i

R Pz 3200 npaet and output
WY sonnections of o slngle D-typs
% - - Hop,

Fig, 130 4013 pin conneciions
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spposiie, The bistable (o S8  when Q= 1 and £9=00 and BESET when Q= Oand ¢ = 1
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- LK dnpui The wiangle, - ok, nexns 1o the clook input shows that i1 s

.

sdge-

riggered’, that te, H respomis ape., but not © slow changes or

steady logic levels, The clock tnput of the 4013 Dhtype islable 15 ‘rising edge wiggored’,

mzaning that if responds ondy 1o g sudden chauge from low or ligh Uisually, the clock

s

ingart s connesied 10 a subovstom which delivers pmdsen, Vo test the 4013, un ssiable is

requivod,

- SET input: The 3BT mput & novally beld low, When it iy pulsed HIGH, the outputs of

the bistable are forced immediately to the 887 wate, O, O = 0

SRET . %

T oimpu The BESET fnpu is novmally beld LOW, When i1 is pulsed HIGH, the

gutpuis of the bistable are forend immediately o the BERSET sinte, U0, { ¢

-
A




When the 13 Svpe bistable does can be investigmied by building o olrouit in which

the {3 mwput is connected back 3 the Dhnput, This amangement is called 2 Yogele -

flog’, or “togghe bistable”, Vhe Hagram below shuyws the clremt

nputs D-type bistabls indicaior Supply
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Fig. 3.3 Clreoll diagram for demonsdration of Dype Bipdop operation

The inputy of the D-tvpe must be connected, cither o low or high, and most not be
feft open civowit, This includes the SEY and BESET inpuls which are connecied to Oy,
The cutput of the D-type, Le. Qs conngvied 1o an wlicator LED,

Vi, A0T0 dnput X OR gates 127)
-

The 70 bax B separate 2ednput BxOR paies which can be used

independently. The pin connectiony of the 40740 W shown below

o
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Fig. 344 4070 piny connectionsg
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The buth table of cach individosd gate i

e 08 gale Bunply
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Fig. 3.5 Choult diagram for demonsiration of £x-08 gale aperation

The tnputs of the gate muost be consoclied either 1o Jow or 1o high, and must not be

feft open circudt, This s the Bowtion of the switches with thuir pull-doswn resistors, The
oaiput of the gete i conneciod © an indioator LED which sous on or off depersding on

the combination of the nput.
Wi, 869 hew MOT gales {28
The 4069 has six separate NOT pale which can be ssed independently. The pin

ronneciion of the 408% 1 shown below,

tad
e




B} 1 T
;

P P14
1 ;A »

i % ~y

YIS . et b4
48 Wi
o Ay -

{ e
/15 s T S
RV .

~ ",
- TRk
- £5 .
£ i p— AL
hid] H -
Ny -
Y S
5T i | B
i 2 et

- S b

i (. &

Flg. 3.18 4063 pin conneciions

The trath able of ench individual pate 15

Fabie 3.7 Troth wabde ol a NOT gt

The behavionr of a single N

O gt van be invest
below. The inpul of the gate s connscted either to low or bigh, This s the function of the
switches with thelr pall-down resistors. The mapst iy connocied 9 an indiestor LED

wiitch gous on o off depending on the i,
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viit, 4518 dual decade (-5 counter {29
The 4518 contains two separate Synchionons couniors, one on cach side of the

chip, The piy connection of the 4518 15 shown below,
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Fig. 3.18 405% pin connecliong

Mormally # clock signal is connented o the dlock nput, with the enable tnput held
high, Counting sdvances 28 the clock sigual becomes bigh (on the rising edge), For
novioad operation the reses input shoold be low, making 8 high resets the counter 1o zeve
fhe GOOG, (3430 low),

The truth table of pach counler i
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The behavienr of a single decade counter can be investigated by the cirout shown
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323 Csostrociien of the lnboyatnry kY bourd
Te kaboratory kit board was constructed i such & way that it will be possible to
.

il the chrouits Tor the iyvestipaiion of the bebavious of the UMOS s The

25

components used for e constraotion of i

Yern boards

F)

it {4 pin IC conpeetors

s
3

it 16 pin MO connentors
i Prshy 1 nake awiiches
v, fndhivator LED ¢

Vi, ThET resistons

i I3 rexigions

vigh,  Uonoeching wies

ix. Connecting pins {props}

% {ROR B

%t 7 sepments display and decoder de
=i, Pulse generating switches

The constrorions was carried out in the b

- The 14 pin and 16 pin I connecions ¥ sitached to o vers hoard by soldering.

Pias 7 of all the 14 pin 10 connectors were comnevied t ground while for the 16 pin 0

o

s 14 and pios 1o

ponnetors, pins & wae eonnected to the ground (e VES vl Also, ¢

of the 14 ping and 16 pins ¥ conuectors respentively were vonnseted o the supply from
the power supply ueit (e for VDD v to 15v) The supply was connecied vig push-io

ke switches so thet the supply of power fo the connecirs san be controtled,

A band of swiiches were then attached 1o the vero band, These switches are for the

H

control of the input signals o the inpol ping of the CWOE 107, One termingl of all the




swilehes were vonmested o the power supply while the other ends were a i prounded

<

ihrongh a 1RE2 resistor (Le. pull-down vesistor}, The i."zzzte_;;:%fa{;z: of the resistor is 1o prevent
she direet conmection of the power supply with the ground hy oreating e voltage divider
network, Then pins were compected to this fevminsl These plus e the means of
suppiving the lnpot signals to the input pies of the UM IS,

- 4 couple of pulse generating switches was also sitached o the board. These
awitohes are meant for the olock inpasts of the 4013 Dhype fHp-flop and the 4518 dual
derade counder, The switches were configured o the same way as the by swiiches,

- Then, 2 bued of jmbieatr LEDYs wore grovided by conpecling the cathode

rernuinals fo comnectors whivh were grounded theough 1R resistors and pios wore
comnected to the anods terpnals, The function of the LEDYs §s w0 indicate the siate of the
st {either M or OFF} of the UMO8 1 sehen the ping commecied o the anode of the
LEDY s are boing connected 1o the output pins of the 15,

- A 7 sepment display and decoder drivers wose alan sitached o the vero board by
W popmeriors. Thess are adderd 5o a9 1o show the nuiput of the 4518 counter in devunal
whivh is more mogily sndesstood. The deonder driver was commected to the 16 pig 30

commertor for the 45%1F dasd desoder (0% connter. Two types of decoder drvers were

soploved viz: a 7447 TTL decoder driver and o 74L5 degnder driver, This was done 1o

demonstnte the differsnce bateen TTL and CRON Lo OMOS loglc oporates

pver a wider range of voliage than TTL logie,

31r {asing
The casing % also an infegral part of e projoct. The casing s made up of
transparent plastic snd consists of pao Jevels, The fower conmist of the power supply vt

and the intemal conneations of the labormtory kit board. The upper tevel is the laboratory

i




kit board on wihich exporipints would he carvded oul B consisls of e ChAS B s and

commectors, switches, tmdicatr LEIYs and inpud pins. Then s cover ts made upon the

ppper level so that the kit con be opiasd and chosed, Furthermore, compastoonis are

made were s and components would be stored,

L
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Chapter Four

Tests, Besults and Discussion

Fach unit of the UMOS Inaboratory kit was tesiod a8 outlingd below,

4.1 Power munply
The pevwer supply wos fust todted 0 onsure thet the wguired voltage supplies to
power the RO 178 wern provided,

Procedure: The tost wos dons with a dighal mubib

dich was et appropriately o
130, The oegative torminal and positive tevminal of the powsy supply plags (connecied w

the veltage rogulstor 178y meapectively

P

It power fraim the mains 1o the powey supply

unit was switched on The readings of the dightal multmeter were recorded accor

\-,\v
ae
froray
ooy
e

“

R
ot
-

The provedure was done for all the voltage rogulators,

Femit: The result obtaingd for the tests are tabulated below:

Tuble 4.1 Power supply tevd romalis

LAl 7812

2 oy 7ROV 8 510 153 b

Phscussion: The recorded values from the os wre nod exactly s the vegquired vollages
However they 1l in the avceptable range. The discrepanvies are vaused by Buchiations

nowwer supply from PHON among other reasons,

43 Laberatory kit board
The leboratory kit boad was {osted by corrving out exporiments for cach of the

RO 0 s 1 investinate their behoviowrs, The tesies apd rosults obtsined are as follows,

3%




42,0 4431 2-lopet MO gales,

Provedure: I s reguired o buld the civeult to investip i}

to the behaviour of » single 40

A

PR prate as shown da fig, 3.3, The stops when are:

# The 4001 CrO3 10 was Insened info o 14 pin B0 connector on the boar

® Thue input paa props of 4 e board were connected 1o the npod pins of the first NOR
does gate of the 000 10 Ge pin tand 2%

® The cutput pin of the NOR gate of the 4001 10 was connetesd 10 an indicator Led
seith the aid of the pin prop connecied o the anode LED

» Dme of the vollage supply plug vy was plogge

3 ped anio the voliage supply socket on

¥
¥

thie hoard.

# The power supply unit was connectad 1o the maine and the swith on the
isboraory kit was switched ON,

2 The push-to-maize switch of the 10 connector was pashed dovn (Le. switched onl

® Then the siate of the two input switches were varied between ON and OFF
positions and the siate of the indicaior LB was recorded,

¥

The procedure was repeated with supply voliage of v, v oamd 12y,

&

Result: the resnlt obtained (with all of the supply voltages) is reoorded on the table helow,

Tuble 4.2 $603 Z-nped MO gate fosf rosulis

indicator LED
T
CHE o
OFF
OFY




e, satisfies the muh-able of the PR gate

Thseussion: The results obiainod,

in table 3.1, Thus, the project is justified.

42,2 4811 Z-inpuat MAND gates

Procedure: B is renuired to bulld the clreuit o mvestigste she hehaviour of a single 4011

e

AN OpAOE B was

WAMLE gate as shown in fig. 3.7, The same proveduse a3 f

sukon with the 401 UMOR I

s the able below,

et The result oltained {with all of the supply vo

wble 4.3 40112 dnpat NAMD gue tesd rusults

frubieator LD

om0
) 03

o

Pyiseussion: The resul ohtained, shown above, satisfies the tuth-dable of the WAL gate
i abde 3.2, The experinsent shows the bebaviour of the 4011 RS B The project is

st b

4.2.5 4351 Z-input AN gates

behavionr of a single 4081

Procedure: 115 roquired 1 bulld the cirenit o nvestipe!

ALY gate us shenwn in fig. 3.8 The same proeedure as B the 4001 UMOS K was sakon

with the 4081 UMOS I

Remults The resolt of the cxperiment obtained is rocorded on the tabe below,




Tabde 4.4 40A 1 Doinput AN gato fent rosulis

Indicator LEDY

PHeonesion: The resull obtsined, shown above, satislies the uth-table of the AND pote in

iable 3.3 The experinwa shows the bebaviour of the 4081 OpOR i

£.2.4 4471 Z-input O gates

Procedure: 1 s voguired o baild the clrenit lo investigai the bebavioww of g singley 4071
OF pate gs shown in fg 300 The same procodure ag for the 4007 CMOE 10 was taben
with the 4071 OO 0

Bewudt: The result of the expariment obtained i3 moorded on the able below,

Tabde 4 54071 Bt OR gatn fou resully

?fzgw* switch A

Priscuasion: The result obtained for the experiaent ov the 4071 satisfies the tuth-lable of

the R gate inable 3.4, The experiment shows the behaviow of the 4071 CMOS5 10

4,2.5 4478 Z-inpud Ex - OR gates




3
5

basthd the oot o Investigate the bohaviowr of o single 4070

Procedure s reguirod 1o

Ho - OR pate as shown in g 3 for the A0 OMOS I was

k5
pd

L1E The same procedum

taken with the 4070 (05
Haosuit The vesult of the exporiment oblained is recorded on the able below,

Fabde 4.6 4074 Deinput Vn- (3R paty ton resulis

i},‘\; e, e i}f\é -------- O RERCERIL Tttt & ret e Rnaaness {}§::§:

THepusston: The result obisined, shown above, selisfies the ruth-table of the Bx - OF pote
ju table 3.6, The experiment shows the bebaviouy of the 4070 OpOR 1 and the resull

ustifios the project.

426 4869 hey MOT gate

Procedure: It i reguived fo butld the arouit 1w sviour of a single 406%

NOT gate as shown i fig. 317, The savse procedure as for the 4001 UMOE 1D seas taken
with the 4008 ORIOS 10, ng i thin case with only one inpet switeh connected to the oo

inpud o the WO gale,

Resubt: The result of the cxperiment olstained is recorded on L table below,

Tobde 4.7 4009 bux NOT gate tost resulis




iy

Prgepssion: The result of the experiment on the JU6% ohtained satisfies the truth-able of
the MOYD gabe in table 17 The exporiment shows the behaviour of the 406% CMOE IC

el the result fustifies the project

416 4913 PB-rype flip Hop

frecodure: 1 is required to build o build the cirouit fo investigetn the belaviow of 2
single Detype Hip-Sop a8 shown in fig. 313 The steps laken weys,

B The 4013 D-type fip-flop was nserted into s 14 pin B conneetor on the board

# The resrt and sot pins (Le. pins 4 amd & vespeotively) of the Dhtype flip-flop were

grounded hy conppating them to pin 7 of the conusolor,

» The {F ouipst pin wis connecied haok o the data inpud pin of the D-ype flip-tlop

1 form a “topgls bistable’

¥

The pin prop of a pulse generator 5w itoh was conneetod 1o the clock input of the
Ddype ip-flop ¥e pin 3

# A indicator LED was connestad o the €3 putpol (pn 1) of the Dype, Stute of
e indicator LED was reoovded for cach pulse. This was repeated 3 times,

Begutt: The rexull of the experiment 15 recorded a3 showy i ke tabde helow,

Tuble 4.5 4813 Deavpe fip-fop test skt




THerussion: The resuil rhigined as shown shove, for the exporiment satisfivs the uth.
tghle of the D-ivpe fp- fop in wble 1.5 The experument demenatrates the operation of

the D-ivpe flip-dlop,

424 4514 danl dvende counter

Procedure: Tt iz reguired to baild the clmst fo Investigae the behavionr of the decnde

coumter a5 shown i B 319 The following sieps were laken,

¥ The 4518 1O was inseried into 4 16 pin 1 conneutor op the board

» Tover inpul pin pYORS WOre COREN sodd to the reset and comble pins (plns 7 and 2
sespeiively ) of the first deende counter of the 4318 1

g A pulse poaerator swich was conpected to the ok input pin {pin 1} of twr
Jdevade countor vin an mpul pia prop.

& Pour indieator LEDYs were vonnected separafely o the fowr fecade counter ping
O L e, Ll s 3L 4, A, 6.

# The enable Input switch was switched on and e rosel nput switch was als
switich on and then switched off, The indicator LEL} stales wert 100K bt along
with the state of the 7 segment laplay (nol ihat the 7 segment display was aleeady
sammected to the 4318 B0 connector via the decads counter driver during the

boards construction ),

.

> The pulss gonerator switch of the clock input was pushed, and the states of S the

indiontor LED and 7 segroent displays were recorded, This step wag repeated oight

Himes,

i

5 The experiment was dous with botl the a4 41,4 devoder drives, with the
differenst supply voltages.

fesults The reeull nhigined for the experiment ks shown in the yable below,

A4




Tabde 4.9 4518 deonde counior fest roguh
Forabie Heset fnrdicator DEDY winies
iyl fapd
stage siate ;;,‘ j """"" ;;

9

Driscussion: The result obisined frow the experiment satisfion the mmsth-table of the devade
counter in table 3.8, The 7447 decade counters detver only worked with +35v suppiv. This
showws that the URMOR fogic cay operate over 2 wider range of voltage supply than TTL.

The experiment demonstrates the operation of the 4518 decade counter,
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{hapter Five
onclusions and Hecommen wialinng

%1  Conclusion
The projest work pndertaken wa the design and vonstruction of 2 {0
tahoratory kit The work took a peried of ahout three months fo finish as 2 whole, It

beving with the resemvh of the lorie and gathering of flerary 8 swterials needed 1o do thy
e - e

.

job, This veas done in order s obtain o complete understanding of the LOpeS.

The design of the work fodlowed the research. The design was in bwh separalo

£

soctions. This include tie design of the power supply il the design o the Inhoratory kit

-

fged. The power supply fenlves the supply of power that would be compatible & with the

#

CRIOS KOs on the laboratory kit board, The laburstory Yit hosed, on the other haml

involves the cirouiis of the UMOS H7s that wre o be lox fst st how it can be achieved
The sonstruction work then followed the design. The construction venld be said 1o
he the main project work (hoogh it ot be sehlevesd without the pravious works)
The penstroction invelves the ralization of e designs earlier outlined. Firstly, glegiric
mpenents wore obwined hefre fhe actunl construciion ok place, Some problems
e encouniored during the construction bug were laken care oit.
When the construction was fally completed, procudires were taken to test the

‘Thiz involves the investigntivn of the behaviswr o the TROB s on the

-
2

tahoratory kit The resulis of the tesis ¢ guite satisfaciory an wh agpress with whal iz
expected. The provedures ad 1 saslt of the tests were properly documented,
Finally, it shoulk! be mentionsd that the sims and ebpectives of the project weee

apd

rhioved.
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g7 Problems Earouniered

A v mentioned above, 5OMU problems wery encouis e while consiructing the
projeet. These problems inelude the llowing:
i, Piefeative COmMponus- Bonw components obtgined for the construction were
found to be defective o the sourse of the work and had 1o be replased with gosst ongs,
it eorrent ciroudl conpetiisns . Mninly due o Buman 2rFor ard Iaek of nmxh
experience, s nopmrect £ Areutt conneciions were male during ooB wiion. At thmes it
fod 1 the damags of components and hey are hos o be replaced.

. Trrepularity of power B e well known ot thal sappdy of power in this Counity i5

irpepuiar Thig inevitabls affected the constnction and cesuliod in much unwas rreed delay

.

53 Reeommendation

i Thue 1o the aduguacy of laboratoery equipments 84 well mx the potentinks of the

v,

CR0H5 hortory kit 148 recommended that the deparlment b have it T will assis

veory maph in the andergtanding of cowese fike digiial eloctronios and alys anceld siroult

w

it e is alao recommmended that & battery poser @ pply should be p wovided for use

with the CMOS laboratory kit i order 10 cormter the irregular supply of power.

i fastly, i is highly revommended thai the system ¢ toberatory practical in the

Pt

dermriroent should ba defipiely improved. The siusiion as i 8 ix pot encouraging
, R

o

and feads to studergs’ fack of quificient experiencs during proiects, And 113 heliaved thal

wetier laborntory practizal will definitely result fn betler studomt projects then there 810
ArD
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