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In this project, the design and t.he constrtlCtion of an Electronic Digital 

Clock is presented, The Digital Clock is ma.de up of Pulse Generat.or, the 

Freqt:Wl1cy Division, the Decoder! Disiplay: the bIDe setting and the power 

supply, A square oscillator generated. a dock freque:ncy of 1Hz, The fre­

quenc:i' division section of the dock divides t.he clOCK frequency into 60 

second, 60 minutes and 12 hours respt.~ctively thereby rnaking lJP the 

seconds: rninutes and hours sections respectively. A means of setting 

the time is provided {lsing the dock generating circuit and exclusive OR 

gate. The system had been po\vered by regulated power supply. 



TABLE OF CONTENT 

Title page 

Certification 11 

Declaration 111 

a.cknowledgment 

Abstract v 

Table of Contents 

CH..APTER ONE 

1.0 Introduction 1-2 

1,1 Project layout 3-4 

L2 Literaxure Revlcw .« 5-8 

CHAPTER TWO 

2.0 IntrodtlCtion 9 

2.1 Design of the tinIer (Pulse Generator} 9~11 

2.2 Design of the Frequency division unit 12 

2.3 Design of the Decoder/Display 12-15 

2.4 The Divider ... 

2.5 The Stepper 18-20 

2.6 BCD to seven segu.1.ent Decoder I Driver 21-25 



CHAPTER THREE 

::LO Introduction 

3,1 Choice of logic Family 

:3"2 The cmrnter and combinational circuits 

:'1"J:3 C:onstr1J(~ti{)11 

3A Testing and error det.ection 

CHAPTER FOUR. 

4,0 Conclusion '" 

4,1 Recommen.dation", 

4,2 Suggestion 

26 

26 

27 

28<30 

31-32 

33 

34 

35 



CHAPTER ONE 

1,0 INTRODUCTION 

In the early days scientist had been vvondering what was happening in 

the :heavens and soon thev an instrument for measuring time ~'The sun·· . v T_;! 

dial provided them with a redding of the passage of titne as accurate then 

as it cou.1d bt~ expected a.t that time and this marked the beginning of 

time meaSl-1.rernent. 

As the Technology of time meaSl..lrement becarne more adv8x)ced time 

keeping continued to be come and more accurate, The mechanical clock 

.fono~,ved the sundial and the quart.s clock followed the mecha.nica.l clock 

Yne first quartz clock appeared in 1929. It operated through the vibra·· 

bon of a qua:rts crystal through which an electrical voltage is applied. 

Such oscillations are accurate to ~Nithin one second. in ten. years. The 

cost effective quartz crystal!. in now at the heart of most everyday time 

pIece. 

The atonlic clock was developed in U.S"1\.. in 1948 it was based on the 

oscillation. of the element caeSiUDJ. It measures the frequencies of its 

atoms and rno1ecules. At01111c clock are accurate to one second in I.e. 

million years. 

The addent of the digital clock is a m.ajor break through in tirne Illea· 
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surement instea.d of using the shadn>N cast by the sun like the 8l.xndial or 

by using rnechanicaJ. sprinK Like the mechanical clock digital clock '.vas 

"Used. 

/UUwugh there has been no large scale production digital dock in 

fective means of time rneasurement using digital electronic ruethods. How-

need. for a more reliable and rnore accurate digital clock design by local 

engineers. 

The is the motivation of this report, 

This project is dimed at developing a digital dock that sh.un operate .. lS 

A 1Hz square wave clock signaJ is generated and feed intD the second~ 

section which is used to count dad dIsplay second frorn 0-59. ABeD 

counter uchrances one count per second. After 9 second the BCD counter 

recycles to 0, which trigger a MOD-6 cm.:mter and cause it to advance 

Dne cm;rnJ, This continues for 59 second, after \vhich the next pu!se re-

cycles the MOD-f) counter to Zero (The MOD-6 counter and the BCD 

counter make up the MOD ~6 cOU.nteL 

The mIt put of the fv10D -6 counter in seconds section which counts 

an.d displays minute from 0 through 59. The Il1inute section is identical 
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to the seconds section and onerate exactly in the saIne manner. . " 

The (Jut put of the 1'1100 - 6 Counter in the minute section has a fre" 

quency of one pulse per hDU.L This signal is fed into the hours section 

which count and diagram of the digital dock. is sho\vn in Hgure fa} 1 J) 

bdow, 

This report contains four chapter and the cha pters are arranged in the 

order by which the design \vas carried out. 

Chapter one, 

vaJion and project 1:a.yout 

Desls with the system Design and other technical 

Chapter three 

DeaJs 'with the construction Testing Results and discussion of Result. 

chapter four 

Conclusion RecomnwndaJion sttggestion, Appendire and Reference, 
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Digital clocks opefDtCQ fron} the (·Le. p()\"/cr line can use the SOHz 

power (is the bU.sic dock f:-equent\y_ But in f'lther case UW LaSle 

frequency' has to " l'j 1 J. :. Z (if' l-

sC'cond (1 pps). 
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tin1cr connected as suitable mu1tivibratIJr to generate a 1 Hz sauare wave 
'-- . 

clock pulse signal This rnethod is n.o1: reliable d-ue to the faJ::t that any 

small changc in D,C. pmvcr supply to the 555 dxner will result in change 

in the frequency of the dock pulse, 

The ambient ternperature e<=m also affect the frcf1uency of the signaL 

But in this project an effort is made to over come these problem men·· 

tioned above in this unit, Byu.sing a pa.ir of CMOS (CNAND Gate con-

nee ted as an inverter) inverter connected together to form an R.C re181ation . -
OsciIatoLWhich general a 1Hz square wave signal \vithin a b> to 18 d.c 

supply ho'wever it is less affected by temperature, 

The frequenc:f division unit consist of the hours minutes and seconds 

section, Gong {l988} used 4018 CMOS BCD counter 1. Cs for the min·, 

utes and second section which the used 4029 COMS presentable LtD I 
• .< • 

down counter I.e and 4027 C:MOS J,K master shwe nip plop for the 

~10u.r>s section, 

GA.RBA (1.991.) used 4510 BCD up/Down counter Ie for the various 

sectiOll. of the tillits, However Gong and Garba used Cl\10S rcs~ and CMOS 

ICs i.n general have low switching speed highly affecrcd by elect.rostatic 

chB:rge and CMOS inp'...l.ts sno\vs a large spread in logic threshold which 

can lead to the prob1ern of dock skew, But .in this project design 74129 4 
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bit sy.nchronous TJp /dovi11 counter res \vhere used ii:)r the vaTiuus sec-

tiOD.S of the unit. This res has a high cha.rge speed a.nd is less affected by 

electrostatic charge! through it has the problem of hig)} pm-vcr consump-

bon and low noise Immunity, 

Both Gong (1988) and Garba (1991) used 45 I 1. CMOS BCD to seven 

In both case the seconds section decoder and displa:y where not COJI-

driver \vhere used to decode the czyunter out put and a com.nlOn cathode 

LEDs display were used in dis1)Javs section, Ho\vever the hours minutes ~ ~ ~ 

and seconds section \vere all devoted and displays, 

Gong (1988) used the 1Hz square wave signal for setting the hour 

section and five NOR Gate connected together to form f.:l.n. exclusive OR 

function \vith the 1 Hz dock signal. Vi/ere used for setting the ruinute '-- , 

section while Ga.rba (1991) desig.'1 his ti.me setthlg with the 1. Hz clock 

signal AND gate. aut was not constnlctecL In this project the time setting 

'7 
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110urs and second sections. 

This method reduces the complexity a.nd number of the co.rnponent in 

this uniL 

Gong (1988) used a zener diode regtl.1ator to regulate a 12 V.D.C to 9 

and cannot be haD.dIe high out put current while Garba (1991) used an 

un regulate po\ver suppl.y. 

But in this project LM 7805 res regulate 9v to 5'1 Dc. This method .is 

less affected by temperature and can tolerate "\-vider input voltage within 

it EmiL 
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The bk}ck tepn;~scnt£-'ttiol) of a digit;;!! dock IS as s}·.lo\vn 111 figure 1. ,0.0. 

Each block repn::'senLs a stage Hl the whole circuit ar,·angenlcnt. Tl'H.'TC 

specification (}f ea.ch st£-'tge. 

'l"'h
l
" i"';l~("I';nn ,,·.f 1'11('< i'~'1'le;" 1',·· "() G"""i'lf'>'::,!"", :.·.i.l".·I.I.'.'(.·l r)'.'.L·.,,<.·,:·f...·· i.·.~,;.·~ .. l.·. <"'re {':C.):.l.l,t.T;( .. i 1 .•... 1<. •.•.... <. •..•. <. "" •••...• •. !.S .... ,. '" c .. be •..•. < •••.. , •• , • xu,,:> ... , L . .{. , .•.. 

/", qtwrt':!. cr'.ystal contrcds the of.~cil1ation of an electric C1.11T(:nt the 

th(' must 3CCL1rate qlklrts crystal docks is piLlS or lninus one second .m 

CMOS. 
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C:MOS in computer sCIence, C:'.cronvrn for cornplemcnta.ry rn(:-ta.l uX'id 

SC1T;1 conductor./-\ Sen.;Jcondu(tor (lcvice that c<)nsisf. of t\')o n1ct<::l1. (lxid, 

scrru conductor fk·kl cffect tr21T1sistors (J'vlOS Vt':T Ore N" Type and one 

~'. ···'1") .. ··..:.:. .... (· .... {"··t 1'~'" (" .......... <:--;~~-:. .. ·1 .... f'.·~ .. l'.·:~')',,' ,·:~ll''',·.··. ',~·1'·.;~,~7 L.'> .• ' •• t-: ... ,,~, ?:' .. ,"". < .. :;l·.~-" . ./ ::)~ .... L:"~ .. : . .-'..1,:). ~.:;.~. ·-31:J: ..... f::.~~ .. ~~ t~'r _ ~} .. '~ :.:,~ \. .1. .. L, 

factor or C)lli:lrt.S crystals ~.~ n :»)'j' '''{·.l ......... ;./ t ' ..... '-

cIrcuits d.f'ai clock sign;;.:J. genetC:-l.tor. Wherl D. ('(\'stat is not vihLitingit is 

l
' ',~ I' . r' """j', .. ,,.. !.'-.· .. ·,:·l.(>.',F',:-j.l;;1.rl1.·'.'.'.·).1·1 ,>". YY'··'·'l>'ji 1·,.,·; >'''··'·)''''·'l·i,·.·,.!'c .. ,'''': ;.' .. 1").>.>,"1 eq-u va.l.Ci';:. (.\) H ,.;d.j.)c:~,.;. d-,~ '''', '" n,:,,, :<oJ", , .' .. ""6 .... ,,~.!. d.> ... . !.'.J> .":::) •. , 
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example) reqttire Sornc other modu10 bvt for this project me decIded to 

Hmvc\/cr IS flip flop is 11cedcd. k:>r the division to hav(' second PULK' 

"":!i1'l''fl''"\"!'1 :l~:" f;'f'i'O :,"'Tj!'·!." "j, '1' n,,·t 1<:: r ~:".·,·<·'.;-:{ .. )r1.,.--:1. hr.:\,v' i";','·'cr ·i,h:~· ),Jb fi1) fIr)j'.} ie a(,.,. ,. (0 ... >.' .. >.> ... ".1 '.<", .. 1./ ~ ., .. I" '-'. .,,! .. , ,. .. .. , v, I 

used is 4027B. 
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Pequ;reci inFut 

0 0 0 x 

U 1 L )( 

~ 0 X >-

-, X 0 

COrnp(}flcnt CP4520 13 is Llsed ir -is an g~ hit COttntCf the COUfJ!.cr st,J.rts 

cowlting fforn usmg the one belo<y pulse the Jl:::l counter rcsets itself 

lx\.ck t(; ()OOO()O(O) howcver an An1D gate ckcodes the t~inar::./ {SOl 
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used l.1JlTlUi.(:S 

respectively. \Vheru::vcr set botton 1 or 2 dIe pn:.'ssed logic 1 enters 

th.rough ehe selected or gate and behi:Wcs Hsit the rcq:.xired clleck to 

counter advancc the C(}I.JntC'L 

the truth table 

AND .is show' below: 

B \' 

o o Cl 

o 1 

1 

1 

The buffers (4.~:)CU) is anon investing huffer, it's enatdinginput j~~ lOlscd 

tIlc ert£-l.bling input I.S ~ Y,'igh (high) the input codes do not fluw UJ1C code 
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THE CONST:RUC-TION 

3.0 INTRODUCTION 

CHAPTER THREE 

In the construction of each of the sections that makes up th.e Digita1 

clock the design specification are sterilely a.dhere to, 

The power supply WH.S constructed as desig;ned the timer (pulse gen­

erator) section ",vas also constructed \vith a Little change in the design the 

count accumulators 's;vere constructed as designed. 

As rrll.J.(:h as possihle the logic Family used in the project is resistricted 

to a particular one CM:OS afkr considering the problems associated with 

the interfacing of different logic things considered dll.ring the choice of 

logic family are brieily discussed below, 

3.1 Q~OICE OF LQ9.:~Q.FAMILY 

I t: has been a common pract.ice to classity- logic families by the circt.lit 

configl.Jration of the basic gate technology the earlier types being Regis­

ter logic {Del) Resistor tn:'l.I1sistor logic (RTL) and Transistor logic (DTL} 

these eady types have been largely superseded by the foHmving I.e. Logic 

fami1ies, Transistor -transistor logic (TIL emitter coupled logic (f.:CL) and 

complementa.r}' order silicon. logic COS} and come aTe the 1110st popular 

but use different technologies in their manui"actLI.re (IT) bipoler unipolar 
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'Nhich have diflerent handLing 

\Vhenhandling CMOS devices great care mU.st be taken since they are 

ver:-v susceptible to damage from excessive volt.age caused by static elec-

tricity and equip-m.en t \vhich is not correctly earthed. 

POINTS TO REMEMBER WORK WITH CMOS GATES 

(aj Ti e unsed in.pnts to licc \vith a lkz resistor or directly to ground, 

{lj} The Otltputs of CMOS gates should not be conn.eeted together 

te) The Maximum signal is 7V 

(d) The !v!a .. ximtlln Signal is 1··5 to 5-5v 

(ej There is maximum fan out of 10 gates within each CMOS fm11ily, 

(1) Install a O,2-orO,02 Nu by pass capacitor is feasible 

(g) Connecting head should not be more there 12to 124 inches {30"S 

In the counter constructkm the divide. hy 1.5 counter v(as constructed 

with a divide by +4 counter feed.ing a ship flop 2,jia counter the count 

accurnulator was also constn.lcted using an 8-hit eounterwith only 6-bits 
~, ~ 

functional. 

The light ernitting diodes (LEDS) were used as the S second indicator 
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they emit light when they are forward biased H.nei sh.ould be counted 

,;vith a service registor to Hrnit the counrent f1O'~v)ng through it-the dia-

gram of the LED is shoun in fig-ure 3.1 and the colo1.rre type used for this 

project is blue and green. 

FIGURE 3.2 

3,3 CONSTRUCTION 

The pm,ver s1Jpply is a D.C. Energy VIa the use at abutterly cdL 

The puJse generator was constrtlcted using a quartz crtlstd oscillator 

as £{n Astable multivibrator with R··A r mr and a capacitor of 22 PF guing 

The count accumulator section was constructed by using an 8 hit 

The decoder/Driver display was constructed llsing the output of the 

count accumulator as its own inputs and a resistor of 1.1(02) 200 of each 

\vas used to lirnit the current from the output at the deode the segm.ent 

The stE~.ges are arranged is such a way that the out put at one stage 

serves as the input to the other stages. 

Which count and display' hours from 0 through 23, This hours section 
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is different fforn. the second and Ininutes section the circulatory in this 

section is sufficiently unusual to \varant a closer in.<;lcstigation. Fig 1,01 

shows the detailed circutor}' in the hours sect.ion it iner-udes a BCD 

counter to COllnt unit of the hours section and a MOD counter to COUIlt 

tens of hours the BCD counter counts only behveen 000 and 1001 and 

COU.nt up in response to the 1 pUlse per hour signal con1ing from the 

minutes section, 

The Inveter on the CPu input is needed because the BCD counter 

responds to pGTs and we want it to respond to NGTs that occurs \vhcn 

the Minutes section recycles back to ZKRo hour for example at '7 cloua 

this counter will be at 0111 and its decoder! display c.iruitory will dis·· 

play the numeral 7 at th.e same time Q2 od mode counter w.ill be lovl and 

its disptay will show 8. Zero th.is nvo displays <"vill show 07 \vhen the BCD 

counter is in 1001. (9} sta.te and next toggle MOD :3 cotmter Q2Q from Hto 

} 1 this prodtlCcs a mU.m.eral 1 on the MOD :3 counter display a.nd a nu­

meraJ «(y~ on the BCD display so that the com'oined display show 10 

forl [) 0> clock 
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3.4 TESTING AND ERROR DETECTION 

\Vhat the constnlchon was completed the distal dock 'was teated at 

caeb stage 

The po\ver supple hns alrendy been knm.vn sinGe its from a try' cell 

(Batter of 9v 

The titner O'utput was tested by feeding its output into fL"1. osdl1oseope 

and the rneasure ment geuite 102 my and Tz ~ 1 ,8ms but T~t. Hz there­

fore f"",Yt 32, 

The divider 15 counter output was al.so tested using an osciHoscope to 

deter mine its presumey fou.nd to be 1 it 3 (lPPS) 

Th.e coun t accumulator was tested when it was few in to th.e deode 

driver display which the display shows the coun ting seguaies, 

For error detection the LED indica.tor at the po\ver supply output wiU 

be on \vben. there is povvcr at the output of the timer also the LED will 

also he on if the tirneis in good condition at the output of the divider by 

is COD.nter is nDother stop if there is an cmor in tbe circutory a.nel for the 

count acC'tlJ.11ulator the 7 segnlent display indicates the counting sequence 

therefore if there is can error the display win be ofL 

The mext foux pulses advance the BCD counter to 0101 (4) in this 

state the counter:s Qz nutput HIGH and Qz and Q t Mods counter are 

both btig,h to the MAMD gate, This the NAND gate output goes low a.nd 
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activates the MOD 3 counter and :vr Input of the BCD counter. This deas 

MOD ("oun tel' to a and presets The BOD Counter to 000 U1.e resuts is a 

dispiay oro" for 120 clock in the ea.r.:,'i morning and night-

This report assumes that the reder has a basic lanuv;1edge of both 

digita:! and pv~ve:r. A basic lano\vledge of combinationalHlld sequential 

eire-nts helps u.s understand the time COfluter and conbinational circult 

sections of the project. Also Litle hnowledge of pov;;er will help hirn.1.m·· 

derstaJ1d the power section ~ 

In order to undersu.-tnd the report more the first chapter thows some 

light on some necessary basic topics, The second chapter deals v;lith 

thge desig corn.ponent. the third chapter state how the design ohective of 

the second chapter is achieved in the constructive fB.ces~ Chapter four 

gOes to present. the falrication and the tests carried out. 
<-
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The digit.81 dock 'Nas successful cornpiete it's worth mentioning ho\v 

fascinating it is when on design a syste.m construct it and set it \vorking 

saiisfactory 

This pr(~1ect ha.s given rne a great experience especially in the design 

and construction of digital circuit system, 

It also increased my knowledge and tJncierstanding the use of differ·· 

ent kind of clock generating circuit used in cooking different type of 

electronic counter. 

J have also learned hmv to connect electronic counter to achieved di.t~ 

ferent purposes, 

For the i111prOvement of this project. I recomrrlel1d a rnicroprocessor or 

chip to be t:tsed in future, 

In order to reduce the complicity and bulkness of the systern) during 

the cost of design in this project it \-vill have been easy if electronic '.vork 

bench is ava.Hable base on this, I a1so recommend that el.ectrical/Elec­

tronic engineering department shouJd m.ake a.va.i1f.l.ble, 



The National. Institu.tion of l.1nivers1.ty Education should endeavor to 

widen the scope of the syllahus of the National Degree prograIH course 

so that .it will be theoretically and practical oriented. 

Because the cttrrent syllabus used in schools l.av more em.·phasis on 
./ .., 

ing the students unpolish.ed and exposed to the practical aspect . 

The Government shuuld look into the review of the students al10wance 

because the hope of a nation is the ycmth, 
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