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ABSTRACY
I this project, the design and the construction of an Electronic Digital
Clock is presented. The Digitsl Clock is made up of Pulse Geperator, the
Frequency Divisgion, the Decoder/ Disiplay, the time setting and the power
supply. A sguare oscillater generated a clock freguency of 1Hz, The fre-
guency division section of the clock divides the clock frequency into 50
second, 80 minuies and 12 hours respectively thereby making up the
secords, minutes and houwrs sections respectively. A means of setting
the time is provided using the cleck generating cirowit and exclusive OR

gate, The system had been powered by regulated power supply.
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CHAPTER ONE

IS INTRODUCTION

i the early davs sclentist had been wondering what was happening in
the heavens and soon they an instrument for measuring tme “The sun-
dinl provided them with a redding of the passage of tine as acourate then
as it could be expected st that time and this marked the beginning of
time measurermnent.

Az the Technology of time meassursment became more advanced time
keeping continued to be come and more accurate, The mechanical clock
followed the sundial and the guarts clock followed the mechanical clock.

The first guartz clock appeared in 1929 It operated through the vibra-
tion of a guarts crystal through which an electrical voltage is applied.
Such oscillations are accurate to within one gecond in ten years. The
cost effective guartz crysiall in now at the heart of most everyday time
HEsT.

The atomic clock was developed in UB.A in 1948 it was based on the
oscilltion of the element caeshun. It measures the frequencies of s
atoms and molecules. Atomic olock are sccurate o one second in LO
miilion years.

The addent of the digital clock s a major break through In time mea-




surement instead of using the shadow cast by the sun like the sundizl or
by using mechanical spring. Like the mechanical clock digitel clock was
uged.

Although there has besn no large scale produciion digital clock in
Nigeria many local researchers have made attempt to develop a cast ef-
fective means of time measurement uaing digital slectronic methods. How-
ever looking at most of this attempt it is obvious that there is still the
noed for a more reliable and more acourate digital clock design by local
ENEINSErs.,

The is the motivation of this report,

Thizs project is dimed at developing a digital clock that shall Uperate as
follow:-

A IHz square wave clock signal is generated and feed inte the second,
section which is used to count dad display second from 0-59, ARCD
counter advances ong count per second. After 9 second the BOD covnter
recyeles o O, which trigger a8 MOD-G counter and cause it 1o advance
ane count, This continues for 59 second, after which the next pulse re-
cycies the MOD-6 counter v Zero {The MOD-& counter and the BOD
counter make up the MODR -8 counter,

The out put of the MOD -6 counter in seconds section which counts

and displays minute from O through 59 The minute section is identical




to the seconds section gnd operate exactly in the same manner.

The out put of the MOD - & Counter in the minute section has a fre-
guensy of one pulse per hour, This signal is fed inte the hours section
which count and diagram of the digital clock is shown in figure fa} 1.0

helow,

L1 PROJECT LAYOUT

This report contains four chapter and the chapters are arranged in the
order by which the design was carried out,

Chapter one,

It deals with the mtroduction lterature Review project ﬁh}&"‘f% Moti-
vation angd proiect lavout

Chapter two

Besls with the system Desdgn and other technios]

Chapter three

Deals with the construction Testing Results and discussion of Result.

chapter four

Conchusion Recommendsation suggestion, Appendire and Referense,
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tmer connected as suitable multivibrator to venerate 5 1 Hz souars wave

&

T4

clock pulse signal. This method is not rellable due to the fact that any
srall change in DLC. power supply to the 555 timer will result in change
inn the freguency of the cleck pulse.

The ambient temperature can also affect the frequency of the signal.
Hut i this project an effort is made to over come these problem men-
tioned agbove in this unit, By using z pair of CMOB {CNAND Gate con-
nected as an inverter} inverter connected together 1o form an RC relazation
Oscilater. Which general 3 1He sguare wave signal within a b, to 18 d.e

supply however it iz less affected by temperaturs,

FREQUEBRCY DIVIBION UNIT

The frequency division unit consist of the hours minutes and seconds
section. Gong {1988} used 4018 CMOS BCD counter 1 Os for the min-
wtes and second section which the used 40239 COME presentable up/
down counter 1O and 40237 CMO8 J K master slave flip plop for the
hour’s section.

GARBA {1991} used 4310 BCD up/Down counter IO for the various
section of the urnits, However Gong and Garba used CMOS [Cs. and CMOE
ICx in geners] have low switching speed highly affected by electrostatic
charge and CMOS inputs shows a large spread in logic threshold which
can lead to the problem of clock skew. But in this project desggn 74129 4

€




bit synchronous up /down counter I0g where used for the VATIOUS 560-
tons of the unit. This I0x has g high charge speed and is less affected by
electrostatic chargs, through it has the problem of high b pOwer consump-

tion and low noige 'mmum’"y

DECODER DISPLAY UN it.

Both Gong {1988} and Garba {1991} used 4511 CMO8 BCD o spven
segment decoder /driver 1o decoder to the BCD 1o seven fﬂi’:g.mfji}t LEDS
Bisplays,

in both case the seconds section decoder angd display where not con-
struct, But in this project 7447 bits BOD o seven segment decoder/
driver where used to decods the counter put put and a common cathade

LEDs display were used in displays section. However the hours minutes

and secomds section were gl devoted and displays,

TIME SETTING UNIY

5

'3’

Gong {1988) used the 1Hz syuare wave signal for setiing the hour
section and fee NOR Gate connected togother to form an exciusive OR
function with the 1Hz clock signal, were used for setting the minute

scction while Garbs {1991} design his time setiing with the 1Hz clock

signal AND gat

¢ Bul was not constructed. In this project the time setiing

Wl was constructed using 7486 exclusive OR gute LUs for setting the

vy
§




hours and second sections,

This method reduces the sompiexity and number of the component in

this unit,

THE POWER SUPPLY

Crong (1988 used o zener dinds regulator to regulate a 12 VDL io 9
volts. However sener dicde can he affected by the ambient temperasiure
and cannot be handle high out put current while Garba | 19911 used an
unregudate power supply.

But in this project LM 78OS ICs regulate 9y to Sy B, This method is

less affected by temperature and Can tnlerate wider in pud voltage within
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CHAPTER TWO

.0 INTRODUCTION

The Block representation of a digital clock is as shown in fie

pre b0

iy

i the whole cireuie arvangement. There

it accurmiater, drivers and cisplay siate,
The states are arran ged in such as

i 48 way that the SINESRTRS

Q it to the other sig

dk,

s tned pulses thar ars counted

™ e TR oy
by the counter thers ;

R e .3 $H s e o g 4 3 JoRr
tvpes of astable muitiluheaiors that are

W Common but a Guartz crystal acillator w

DUATZ CRYSTAL OSCILLATOR.

A nuartz crystal controls the oseillation of an slecrric current the

freguency of which is reduced o compuie fune. The

the must acourate quarts crvatal clocks is olus or TS one second in
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toout [ Desived next out put
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THE TEUTH TABLE FOR THE B-BIT COUNTER

i H
PRV R I R S e S I
i
3 H

We can deduce from the diagram that ondy § bits

that are only function due to the fact that only 11110/

2.3 THE COUNT ACCUMULATORS,

i SRR - - yyr it S A B 1 N T B e B F e D et )
The count acowunuiaiion ‘-;UEJ 15 10 SOUTYL The ;Z.;,:}L,Z{. TLLSSE anda {0 sorye

5% a temporary among while passing the current tune through the deode

into the time displays,
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Pruth table 2.61 for common anode conpection display
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CHAPTER THREE

THE CONBTRUCTION
3.0 IHTRODUCTION

I the construction of sach of the sections that makes up the Digital
clock the design specification arve sterilely adhere to.

The power supply was constructed as designed the timer {pulse gen-
eratar) section was also constructed with a Hittle change in the design the
count accumudators were constructed  ax designed.

Az muach as possible the logic Family used in the project is resisinicted
1o a partisular one CMOS after considering the problems assoclared with
the interfacing of different logic things considered during the choice of

logic family are briefly discussed below,

3.1 CHOICE OF LOGIC FAMILY

It has been & common practioe 1o classily logic families by the circuit
configuration of the basic gate technology the carlier types being Regis-
ter logic {Del} Resistor transistor logie (RTL) and Transistor fogic {DTL
these early types have heen largely superseded by the following 1L.C. Lagic
farnilice. Transistor -transiztor logic {TIL emitter coupled logic {ECL) and
compiementary order silioon logic COS8) and come are the most popular
mat use different technologies in thely manufacture {TT) bipeler unipolar

26




which have different handling
When handling CMOS devices great care must be faken since they are
very suzceptible to damage from exceselve voltage caused by static elpo-

tricity and equipment which is not correstly sarthed.

POIRTS TO REMEMBER WORK WITH CMOB GATES

{2} Tieunsed inputs to Hoo with a ke resistor or directly to ground,
b} The cutputs of CMOS gates should not be connected together

£} The Maxirmum signal s 7V

(e} The Maximun Sigoalis 1-5 10 55y

{e} There s maximum fan out of 10 gates within each CMOS family.
i Install a 0.2-0r0.02 Nu by pass capacitor is feasible

(g} Connecting head should neot be more there 12to 124 inches {30-5

ta 35 Gomy for standard CMO8,

3.2 THE COUNTER AND COMBINATIONAL CIRCUITS.

iy the counter construction the divide by 15 counter was consirucied
with & divide by +4 counter feeding a ship flop 2dia counter the count
ascummuiztor was algo constructed using an 8-bit counter with only &-bits
functienal.

The light emitting diodes {(LEDS) were used as the 5 second indicator




they emit lght when they are forward binsed snd should be counted
with a service registor to Hmit the counrent flowing through itthe dia-
gram of the LED s shoun in figure 3.1 and the coloure type used for thus
project is blue and green
e CiCathode)
e T A{hnode]

FIGURE 3.2
3.3 CONSTRUCTION

The power supply is & 0.0, Energy Via the use at a butterly cell,

The pulse generator was constructed using & quartz crustal oscillator
a6 an Astable multivibrator with R-A I my and a capacitor of 32 PF guing
327 st Kt

The count accumulator scction was construsted by using an 2 bit
counter feeding decade counters.

The decoder/ Driver display was constructed using the ouiput of the
count accumulator as its own inputs and a resistar of {1002 200 of each
was used to Hmit the current from the output at the deode the segment
dispel.

The stages are arranged is such a way that the out pul at one %ia@,&*
serves ax the input to the other stages.

Which count and display hours from o through 23, This hours section




i different from the second and minutes section the clroulatory in this
section s sufficiently unusual to warant a closer investigation. Fig 1.01
shows the detailed circutory in the hours section it includes a BCDR
sounter to count unit of the hours section and a MOD countey 1o count
tens of hours the BOD counter counts onky between 000 and 1001 and
count up in respense o the 1 pulse per hour signzl coming from the
minutes seotion.

The Inveter on the CPu input is needed because the BCD counter
responds to pOTs snd we want it to respond to NGTs that occurs when
fhe Minutes section recyeles back to ZEREp hour for example at 7 cloua
chis covnter will be st 0111 and its decoder/ display ciruitory will dis-
play the numeral 7 at the same hme {32 ad moede counter will be low and
its display will show a Zere this two displays v A1t show 07 when the BCD
courver is in HHIL 9 state and next toggle MOIY 3 counter 330 from o
11 this produces a mumeral 1 on the MOD 3 counter display and a nu-
meral “0° on the BCD display so that the combined display show 10

foril O clock.

,
34
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3.4 TESTING AND ERRBOR DETECTION

What the construction was completed the disial clock was teated at
cach stage.

The power supple has slready been known sinee s from a try ool
{Batier of 9v

The thner outpul was tested by eeding its output into an oscilloscope
angd the measurs ment geuife 1.2 my and Te =1.8 ms but T=tile there-
fore =Yt 32,

The divider 15 counter output was aise tosted using an oscilloscops o
deter mine s presumey bund to he 14t 3 {(IPPS)

The count acowmulaior was tested when it was few in to the deods
driver display which the display shows the sounting seguaies.

For srror detection the LED indicator st the power supply output will
be on when there is power at the output of the timer alse the LED will
alse be on if the time is in good condition at the cutput of the divider by
g courtter is another stop if there s an cmor in the cirsutory and for the
cournt accunulator the 7 segment display indicates the counting sequence
therefore if there iz can ervor the display will be offl

The mext four pulzes advance the BCD counter to 8101 4 in this
state the counter’s Uz output HIGH and @r and § © Mods  counter are

hoth btigh to the MAMD gate, This the NAND gate oulput goes ow and

5y




activates the MOD 3 counter and PT Input of the BCD counter. This cleas
MOD counter o a and presets The BOD Counter to 000 the resuts is a
display of"0” for 120 clock in the esary morning and night

This report sssumes that the reder has a basic lanowledge of both
digital and power. A basic larowledge of combinationalsnd sequential
circuts helps us understand the time conuter and conbinationsl circult
sections of the project. Alge Litle hnowledge of power will help bim un-
derstand the power section.

I erder to understand the report more the first chapter thows some
fight on some necessary basic topics. The secend chapter deals with
thge desig component. the third chapter state how the design obeclive of
the second chapter is achieved in the constructive faces. Chapter four

goes o present. the fabnication and the tests carried out




CHAPTER FOUR

4.0 COBCLUSION

The digital clock was successful complete its worth mentioning how
fascinating it 18 when on design a system construct it and zeb it working
saiisiactory.

This project has given me a great experience sspecially in the design
and construction of digital circuit system.

It also increased my knowledge and understanding the use of differ-
ent kind of clock generating cireuit used in ceoking different type of
slectronic counter.

I have alse arned how {o connect electronic counter to achieved dif-

ferenit purposes.

4.1 RECOMMERDATION

For the improverment of this project. | recommend a microprocsssor or
chip 1o be used in future.

in order to reduce the complicity and bulkness of the system, during
the cost of design in this project it will have been sasy if slectronic work
hench is available base on this. | also recommend that electrical/ Elec-

ironde engineering department sheuld make available.




£.2 SUGGESTION

The National Institution of university Education should endeavor to
widen the scope of the syllsbus of the National Degree program course
80 that it will be theoretically and practical oriented.

Becausse the vurrent syllabus used in schools lay more emphasis on
the theoretics] aspocts and neglets the practical aspects and thus mak-
ing the students unpolished and exposed to the praciical aspect .

The Government should leok inte the review of the students allowance

hecause the hope of a nation is the youth,
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