Journal of the Nigerian Association of Mathematical Physics
Volume 23 (March, 2013), pp 435 — 444
© J. of NAMP
Design, Implementation and Simulation of Digital Clock Using
Frequency Dividers and 555 Timer

'Galadanci G.SM., °Gana S. M. and *Abdullahi M.
12Physics Department,
Bayero University, Kano, P.M.B. 3011, Kano Nigeria.,
3Physics Department,
AuduBako Collage of Agriculture, Dambatta, Kano State

Abstract

In this work a digital clock was designed, implemented andsimulated. The design was carried-
out using synchronous binary counters (74HC160D) and basic logic gates.The clock frequency to
drive the clock was generated using a 555 timer. The counters were used as a divide-by-10 and a
divide-by-6 for frequency division of the minutes and the second count. Also a divide-by-10 and a
truncated sequence divide-by-10 were used for the hours count. The implemented digital clock
circuit was simulated using windows based multisim( electronics workbench) software on personal
computer (PC). The result of the simulation showed that the designed clock gives the approximate
timing count, comparable with four different clocks purchased from the market. The designed clock
functions as desired, where for every 60 second count one minute count was obtained and for every
60 minutes count 1 hour count was obtained. The clock recycled after every 12 hours count.

1.0 Introduction

It is inevitable and imperative that the use ofc&l@ither analogue or digital is necessary to keagk of time for
day to day activities.Acombination of devices daesig to manipulate logical information or physicabqtities that are
represented in digital form called digital systera eonsidered for the design of a digital clocke Thain reason for the
shift to this digital technology is because digisgistems are generally easier to design, Informadiorage is easy,
accuracy and precision are greater and more digitalitry can be fabricated.This research provibasic information
on how to design and implement a digital clock gsiombinational and sequential logic circuits[1heEe tools will be
used to design the different parts of the clock tuesh implemented to create a customized clock.cltek will provide
and keep track of seconds, minutes and hours irftiom digitally. Synchronous binary counters aredsal for this
designand are operated using a 555 timer, Schigiger or any other frequency generating devicgenerate a basic
clock frequency signal in hertz[1,2].This signafésl into the second section consisting of divigetb counter (formed
by cascading a divide-by-10 and a divide-by-6 cefrthat counts from 00 to 59 and the recyclesOtéod count 60[2,3,
4]. The output of the second’s section is fed itite minute’s section which is similar to the secmadtion where a
divide-by-10 is truncated to 9 and its output iswwected to divide-by-6 counter (formed by decoditigjde-by-10
counter to count from 0 to 5 and recycle to 0)R5, Finally, the output of the minutes countefdd into the input of
the hour section consisting of two divide-by-10dymomous 4-bit binary counters that counts from @112 and then
recycles to 01, but additional circuitry are regdirfor these operation[5]. These three sectionsliapayed using seven
segment displays to show the second, minutes aa hall these sections, are connected togethérto the required
design. The circuit can be implemented and tessatjicomputer simulation software.

The main advantage of this research work is thattpital clock designed can be constructed usingllly abailable
descrete digital components or can be implementedamy of the advanced programmable integrated itimmu
microcontroller.

1.1 Binary Counter

A binary Counter is a digital circuitthat countslimary. In digital system likecomputers, it is @vite which stores
(and sometimes displays) the number of times acpéat eventor processhas occurred, often in relationship talack
signal It may also be considered as a type of memory staes abinary number Moreover, they can be used as
instruments for detecting, counting, and indicatingequence of events and can keep track of théerof input signal
or pulses applied to it[1,5,6]. Its primary functi® to produce a specified output pattern sequéltus
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sequence might correspond to the number of oaueeeof an event or it might be used to controlower parts of a
digital system. Binary Counters are made up offfips and logic gate which like flip-flops can a@t an output state
after the input condition which brought about tht#te has been removed. However, while a flip-flap occupy one of
only two possible states, a counter can have nhae tivo states. In the case of a counter, the \@laestate is expressed
as a multi-digit binary number, whose ‘1’s and ‘@i® usually derived from the output of interngl-flops that make up
the counter[1,7,8]. The number of state a countgy hrave is only limited by the amount of electroh&rdware that is
available. The main types of flip-flops used ané flip-flop or T flip-flop. A Binary counter driverby a clock can be
used to count the number of clock cyclesince clpakse occur at known interval.The counter can beduss an
instrument for measuring time and therefore pedioftequency.
1.2 Asynchronous Binary Counter

Asynchronous counter is one in which the flip-flqg$) within the counter do not change state atxahe same
time because they do not have a common clock dy&s®[10]. It is also called a ripple counter osesial counter. Its
clock input is applied only to the first flip-floglso called the input flip-flop, and then the &doput to any subsequent
flip-flop comes from the output of its immediatgdyeceding flip-flop[11,12]. For instance, the outpéithe first flip-flop
acts as the clock input to the second flip-flog tlutput of the second flip-flop feeds the clogbunof the third flip-flop
and so on. In general, in an arrangement of nflilips, the clock input to thenflip-flop comes from the output of the
(n—-1)" flip-flop for n>1[2,6,13].

13 Synchronous Binary Counter

Synchronous counteralso known as a parallel coigrdaetually a functional unit with a certain numbéstates, each
representing a number which can be increased oeased upon receiving an appropriate signal (ectirg or falling
edge pulse), and is usually used to count to, anttdown to zero from, a specified number N[1,5,Uhlike ripple
(asynchronous) counter, it contains flip-flops wlasock inputs are driven at the same time by amomclock line.
This means that output transitions for each flgpfwill occur at the same time. Thus, the delaylwed in this case is
equal to the propagation delay of one flip-flop yonirrespective of the number of flip-flops used donstruct the
counter[4,13,14]. In other words, the delay is peledent of the size of the counter. Since varidipsflbps in a
synchronous counter are clocked at the same tidditi@nal logic circuitries are needed to ensurat tine flip-flops
toggle at the right time[10,15].

2.0 Design And Implementation

To design a digital clock that has an approximate tprecision with any workable clock it is necegst have
knowledge on the basic ideas used for designingdagital system. For easier design, the main bodttie digital clock
is divided into five sub-circuits namely;

1. Power supply unit

2. Frequency generating circuit.

3. Second counter circuit.

4. Minute counter circuit.

5. Hours counter circuit.

These sections together form the digital clock.yrban be implemented, tested and analyze quitéyefsieated
individually. Each of the sub-circuit is implemedtdy designing logic circuits that perform its asti National
instrument multisim software version 8.0 is useditoulate and test each section of the circuitstimerarlier.

2.1 Power Supply Unit

The correct voltage supply is of utmost importafmethe proper functioning of the digital clock sgs. For a
perfect operation, it is necessary to provide alstpower supply: a RESET when it is turned OFF 8&d when it is
turned ON. According to technical specificatiorg 4 XX (High speed CMOS) used for this design isveen 2.5 V to
5 V for all components [6]. The simplest solutianthe source of power supply is using the voltagbikzer LM7805,
which gives a stable voltage of +5 V from its outfa]. All safety precautions are properly observigbreover, in order
to have stable 5 V at the output (pin3) of the LMZ8input voltage on pinl should be between 7 \dugh 24 V. Also a
5 V DC battery can be used for this applicatio. Figives the circuit diagram of the power suppiit.u
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Figure 1. Power Supply Unit

2.2 FREQUENCY GENERATING CIRCUIT

The 555 timer connected to operate in an astabléernboperation can be used to generated a squase iw order
to set/drive a digital clock operating with a fregay in hertz (HZ) or PPS (pulse per second). tteoto achieve that,
the resistors R R, and the capacitor ;Gare varied accordingly until the desired frequeiscpchieved. Furthermore, it
should be note that the 0yficapacitor C2 connected to the control input ity for decoupling and has no effect on
the operation. And in some case it can be leftldffwever for this design two different frequencige used in order to
have the minimum and maximum value of the variakkbstor, also the capacitor is variable. Beforkeutating the
frequency, it should be noted that by makingld&ge with respect to Rwe can get an essentially symmetrical square-
wave output. Usually the value of the resistgr RKQ because this helps to give the output pulseswadde close to
50%, that is, the HIGH and LOW times of the pulaesapproximately equal.

2.2.1 Calculation of the Working Frequencies

For frequency (F) of 500Hz, we assumed value oaciipr (C) to be 50F. Since the value of the resistof=R KQ
so as to achieve a duty cycle of 50%, then

Duty cycle :% X 100% (2)
Where { = charge time (output HIGH).
Also;
_1_ 1 _ -3
T=;=--=2x10" (2)
Thus;
—__t
50% = 5= 100% 3)
t; =05(2 x1073s) =1 x 10 ~3s
Therefore;
t, =T—t; (4)
Thus; t, =2 x1073-1 x10"3=1 x103s
But;
t, = 0.693 R,C
Substituting for tand C gives
Ry = — X107 086 ~ 200
270693 x50 x 106 777 7
Hence; for 500HZ: R= 1kQ, R, =29, C =5QfandT =2 x 107 3s

Similarly,for frequency (f) of 800Hz, let's assumealue of capacitor (C) to be pB
Now; since the value of the resistofRkQ so as to achieve a duty cycle of 50%

Then;Duty cycle =tTl x 100% Where t = charge time (output HIGH)

Also;
_1_ 1 _ -3
Thus;
_ G
50% Duty cycle = e 710-5: 100% (6)
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t; = 0.5 (1.25 X 1073s) = 6.25 x 10 ~*s
Therefore;
t, =T—1t;
t, =2 X103 —6.25 x 10 * =1.375 x 10 3s
Since; t, = 0.693 R,C
Substituting for fand C

= TS0 g9p-80) = 0.09927°Q ~ 0.01u0
0.693 x50 x 10
Hence; for 800HZ: R= 1kQ,R, = 0.01uQ,C = 5Qif and T =1.25 x 107 3s
The minimum and maximum value of the variable tesiR2 to be use is calculated to be between 28d 0.0LQ
respectively. Hence, the Fig.2 gives the completaip of the 555 timer for frequency between 500aha 800 Hz.
wvee
S

R1 §‘1 Sl ]
e tp Ut
RST ouT | o —‘:D ]

40 2 THR

(2T |

- [0 01 it

100uT| -

Figure 2: 555 Timer generating frequency betweed B00 Hz

222 Second Counter Circuit

The second counter circuit is implemented and prediby divide-by-60 counter form by cascaded aeearants of
two synchronous decade counters. THedunter is the divide-by-10 portion that countsirO to 9 and then recycles to
0 and the %' counter is the divide-by-6 portion that countsnir® to 5 and then recycles to 0. The ripple cloatpat
(RCO) of the 1 counter is connected to the enable inputs (ENPEAXiT) of 2 counter this allows the 1st counter to
advances through all of its states from 0 to 9thenclock pulse that recycles it from 9 back tol€bacalled Terminal
Count (TC), it goes HIGH and hence activates thebkninputs (ENP and ENT) of2counter to illuminates a 1 on its
display. The total count is now 10 (th& dounter is in the zero state and tH& @unter is in state 1). This process
continues, for every terminal count of tiécbunter the ' counter advance to the next state in its sequemiilethe total
count is 59 before all the two counters recycle8Gdor count 60 (1st Counter goes through ten detamycles from 0
to 9 before counter 2 completes its first cycle)general, the™ Counter is inhibited by the LOW on its Enable itgu
until 1% counter reaches its last or terminal state anteitsinal count output goes HIGH. In other words, évery ten
cycles of counter 1, counter 2 goes through on&ecyogether these counters count from 00 to 5%kl recycle to 00.
The terminal count, 59, is also decoded to enaidenext Counter in the chain (minute circuit segtidHowever, it
should be noted that the divide-by-6 portion isrfed with a decade counter with a truncated sequectueved by using
the decoder count 6 to asynchronously clear thenteouThe figure 2.3 gives the second counter itirdiagram
displaying 59 seconds.
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Figure 3. Seconds/Minutes Section

2.2.3 Minutes Counter

The minute circuit section is similar to the secamduit in its process of displaying its countsgB] however an
additional circuitry is required to enable the didby-6 portion to have a perfect counting sequéhée11,12].

224 Hours Counter Circuit

The hours counter is implemented and produce byackesl arrangements of two synchronous decade ¢dyiell 0)
counters as shown in [Figure 4]. The ripple cloakpat (RCO) of the % counter is connected to the enable inputs (ENP
and ENT) of 29 counter. The % counter advances through all of its states fromo ze nine, on the clock pulse that
recycles it from 9 back to 0 called Terminal Co(iRt), it goes HIGH and hence activates the enaipets (ENP and
ENT) of 2" counter to illuminates a decimal number, say it®display. The total count is now 10 (tf&cbunter is in
the zero state and théZounter is in state 1). Next, the total count ades to 11 and then to 12. In state 12 the Q
output of the T counter is HIGH and the"%&ounter is still HIGH, thus the decode-12 gate ougwnnected to the LOAD
input of the ¥ counter is LOW since its inputs connected to hat@, output of the % counter and @output of the ¥
counter are HIGH. This activates the LOAD inputtiué ' counter. On the next clock pulse, tHecbunter is preset to
state 1 by the data inputs, and tH&@unter is preset to state 0 by a HIGH on the dedogate which is connected to a
NAND gate and its other input connected througlinzerter to the LOAD gate so that whenever the LOADOW the
input of the NAND gate is HIGH. The HIGH’s on buitet input makes the output of the NAND gate conrkbtethe
CLEAR input of the ¥ counter LOW to clear the counter. As can be stis)ogic always causes the counter to recycle
from twelve back to one rather than back to zewtae sequence continues.
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Journal of the Nigerian Association of Mathematical Physics Volume 23 (March, 2013), 435 — 444
439



Design, Implementation and Simulation of Digital Clock...Galadanci, Ganaand Abdullahi J of NAMP

2.3 Design of the General Circuit Diagram of a Digital Clock

The general circuit of the digital clock is as simoww [Figure 5]. It is design to accommodate the fsections that
constitute the digital clock in such a way thatytlvan work synchronously with each other to haveppropriate and
accurate timing system. These sections helpsdangtmeral operation of the digital clock. The maimponent that
drives the clock from each of this section is tbenters, which are marked and numbered from 1 aocd®rdingly for
proper understanding. Thé' &and 2“ counters are responsible for the second count;tead® and 4' counters are
responsible for the minutes count while tffeafid the 6 counter are responsible for the hours count. Ahese sections
are earlier discussed in the chapter. However rileroto connect all these three sections to worllasle, additional
circuitries of combinational elements are requifedsucceeding counter in one section to Enablekcits immediate
proceeding section. In general Table 1 gives thraenaf component and series used for this designtlEmdumbers
marked on each of the so called component.

Table 1:List of Components used for implementatibthe digital clock

Name Series Number marked
4-bit  synchronous binary 74HC160D 1,2,3,45and 6
counter
2- inputs AND gate 74HC11D C1,C5,C9,C10,C16 and C17
2- inputs NAND gate 74HCO01D C2,C3,C4 and C11
3- inputs AND gate 74HC11D C7 and C8
2- inputs OR gate 74HC32D Cl4 and C15
4- inputs NOR gate C6
NOT (inverter) gate 74HC04D Cl12 and C13
7 segment LED display DCD-hex S1to S6

The ripple clock output (RCO) of thé' tounter is connected to the enable inputs (ENPEAIT) of 2" counter. The
1st counter advances through all of its states oim 9, on the clock pulse that recycles it froa@k to 0 also called
Terminal Count (TC), the counter automatically gb#&H and hence activates the enable inputs (ENPEAT) of 2
counter to advance to its next state, say 1. Tta ¢ount is now 10 (the™lcounter is in the zero state and th&é@unter
is in state 1). This process continues, for everminal count of theSicounter the % counter advance to the next state in
its sequence until the total count is 59 beforghal two counters recycles to 00 for count 60 sdcétowever, for the
second counter to Enable the minute counter a @iApID gate (C7) is used, where one of its inputdanected to the
Ripple Clocking Output (RCO) of the' tounter and the remaining two are connected t@@ Q outputs of the ¥
counter to decode binary state 5 (0101) respewgtiaaid its output is connected to an OR gate (@gh allows the
next counter (minutes counter) to advance to theired sequence of state when SET.

The output of this OR gate (C14) is the gate th@bnnected to the Enable input of tffecBunter for minutes count,
such that whenever thé%ounter goes through all its state from 0 to 5 #red1st counter advances through all of its
states from 0 to 9, on the clock pulse that resyblgt counters for count 60 all the 3 inputs of AND gate are HIGH
which automatically makes it output HIGH and heactvates the enable input of the minutes coumtdiuminates a 1
on its display. This process continues, for everyntnal count of the *Land 2¢ counter the % counter responsible for
minutes count advance through all of its statesifrero to nine, on the clock pulse that recycldésoiin 9 back to 0 that
is the Terminal Count (TC), it goes HIGH automadticand hence activates the enable inputs (ENP EXd) of 4"
counter to advance to its next state, say 1 Ustiltdtal count is 59 before all the two count&$@and 4") recycles to 00
for count 60 minutes repeating similar processhassecond counter. Moreover, the OR gate (C14jvalikhe minutes
counter to advance to next state in its sequenee éefore the terminal counts of the second sedsiaeached by
allowing signal from the AND gate (C16) to passotigh one of its input whenever the output of theDAjhte (C16)
output is HIGH. This signal comes from the inputdh® AND gate (C14) which are connected to theklpulse and
switch 1 respectively such that whenever the swiatiose the input to which it is connected goéSHiand allows the
clock pulse to pass to its output and then to tipeiti of the OR gate (C14) to SET the minutes sedtiodesired time. It
should also be noted that an additional AND ga®) (€ connected to the Enable input of tffecdunter such that one of
its input is connected to the output of AND gat&Y@nd the other input to the Ripple Clock OutfR€Q) of the &
counter for proper change in its sequence of statis. allows the % counter to advance through all its state whenther
output of the AND gate (C9) is HIGH every timeiitputs (connected to C7 and RCO of tffec®unter) are HIGH. The
hours section used the same procedure as the miantesecond sections, the only difference istliehours section is
Enable by the minutes section through the outpuhef3-inputs AND gate (C8) connected through andak (C15)
which allows the hours counter to advance to netesn its sequence even before the terminal cu@} of the minute
section is reached. The output of this OR gate @&lfhe gate connected to the enable input oStheounter for hours
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Figure5: General Clrcwt Diagram of the Digital Clock and timer

count such that whenever any of its input is HIG tounter advance one step in its sequence. Merethe OR gate
(C15) allows the minutes counter to advance to sate in its sequence even before the terminaitsaf the minute
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section is reached by allowing signal from the Alje (C17) to pass through one of its input whenghesoutput of the
AND gate (C17) is HIGH. This signal comes from thputs of the AND (C15) which are connected to ¢heck pulse
and switch 2 respectively such that whenever thtekws close the input to which it is connecteaggdlIGH and allows
the clock pulse to pass to its output and theréoinput of the OR gate (15) to SET the hours sedid desired time.
Also for the hours section it should be noted @ratadditional AND gate (C5) is connected to on¢hefinputs of the
NAND gate that LOAD count 1 so as to maintain tlmiis section at count 12 by keeping its output LOWI the
Ripple clock input (RCO) of the™counter to which it is connected is HIGH and aise other input connected to,Q
output of the & counter is HIGH.

2.3.1 Implementing The Designed Digital Clock As A Stopwatch

The AND gate (C1) can be used to start the digiiatk by making its input HIGH and stop it by tumgi off the
switch to keep its input LOW by allowing the clopllse to pass through or to be inhibited respelgtiviéhis process of
switching makes it possible for the digital clocklte used as a stop watch. Whenever the switdlose the stopwatch
starts its count from 0 seconds to 12 hours maxirdumto the clock pulse that the counters will nez@nd by turning
off the switch the counts remain display on the L&iBplays until the switch is close again to RESE& count from 0
when a new clock pulse is receive.

3.0 Results And Disscusions
The analysis of combinational circuits starts watlgiven logic circuit diagram with a set of truibke or Boolean
function, if the digital circuit is accompanied hyerbal explanation of its function, and the direcaziunder investigation,
it's necessary to interpret the operation of theutt from the derived truth table for verificatiohhe 4-bit synchronous
binary counter is used to generate sequence offfeBethit combinations of four digit binary code.Bn the case of this
design, the required sequence is from 0-9 and froumt 10 to 16 are truncated hence brought abeutised of 4-bit
synchronous counter as a decade counter. Howavdhei process of designing a digital clock difféareequence
generating circuits are used for different sectidi®ese sequences generating circuits are divitedhiree categories:
a) Two synchronous divide-by-10 counters that courtenfO to 9 and then recycles to 0 (each one isfase
second, minutes and hours count respectively).
b) Two divide-by-6 synchronous counters; decoded fdiwide-by-10 counters to count from O to 5 and then
recycles to O (each one is use for second and engaunt respectively).
c) Divide-by-10 synchronous counter, that count froto @ and then recycles to 0 for hours count.
This state generating circuit is what constitutes design of the digital clock possible and hetpsanipulating the
counts to have an accurate precision. Table 2 bglees the inputs and the output displayed on BB lseven segment
display of the divide-by-10 synchronous counter.

Table2:State generating sequence of a divide-by-10 counter

DECIMALDIGITS SEGMENTS INPUTS SEGMENTS OUTPUTS

D C B A A B C D B H G
0 0 d 0 0 1 1 1 1 il 1 0
1 0 d 0 1 0 1 1 0 0 0 0
2 0 ( 1 0 1 1 0 1 L 0 1
3 0 ( 1 1 1 1 1 1 0 0 1
4 0 ] 0 0 0 1 1 0 0 1 1
5 0 ] 0 1 1 0 1 1 0 1 1
6 0 ] 1 0 1 0 1 1 L 1 1
7 0 ] 1 1 1 1 1 0 0 0 0
8 1 ( 0 0 1 1 1 1 L 1 1
9 1 ( 0 1 1 1 1 1 0 1 1
10(recycles to 0) 0 0 0 0 1 1 1 1 il 1 0

It should be noted that for the hours count, thenter advances through all of its states from 9,tbut on the clock
pulse that recycles it from nine back to 0, it gb#&H and hence activates the enable inputs (ENPEMT) of 2
counter to illuminates a 1 on its display. Theltount is now 10 (theSicounter is in the zero state and tA&unter is
in state 1). Next, the total count advances toridlthen to 12. In state 12 On the next clock putse ' counter is preset
to state 1 by the data inputs, and theécdunter is preset to state 0 by a HIGH on the decbgate that is inverted to
clear the counter. The state generating circuitieege for the divide-by-6 synchronous counterstigma its output on
the segment display is indicated in Table3.
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Table3: State generating sequence of a divide-byuditer

DECIMAL INPUTS SEGMENTS OUTPUTS

DIGITS D C B A A B C D E f G
0 0 0 0 0 1 1 1 1 1 1 0
1 0 0 0 1 0 1 1 0 0 0 0
2 0 0 1 0 1 1 0 1 1 0 1
3 0 0 1 1 1 1 1 1 0 0 1
4 0 1 0 0 0 1 1 0 0 1 1
5 0 1 0 1 1 0 1 1 0 1 1
6(recycles to 0) D 1 1 0 1 1 1 1 1 1 0

For the hours count, the state generating ciragjience for the"2 counter is as shown in Table4 below. However,
it should be noted that its normal counting seqaascimilar to that of Table 2 of the divide-by-d@unter, but because
of the recycling effect that occurs in the countdien it's cleared to have the desired sequencea@rdiscussed in the
previews section) the counter only have two statasd 1.

Table 4: State generating circuit sequence for tHfec@unter

DECIMAL INPUTS SEGMENTS OUTPUTS

DIGITS D C B A A B C D E F G
0 0 0 0 0 1 1 1 1 1 1 0
1 0 0 0 1 0 1 1 0 0 0 0

To find the exact or approximate frequency requii@da digital clock to have an accurate timinggis®n with
every other clock, different stop watches (but bfck are digital and analog) are used to compadithing precision of
the design clock in sixty seconds (60s) for différieequencies. The main aim of doing this analisi® know the exact
frequency that will enable the design digital cldokhave an approximate or close timing precisidgth \&ny clock in
guestion. Table 5 below gives the comparison offeagies used versus the time obtained for diffestoqt clocks.

Table5: Frequency used versus the time obtained for @iffiestop clocks

Frequency used if Time precision of three different digital stop was in Time precision of an analog stgp
hertz (Hz). seconds(s). watch in seconds(s).
T T, Ts T,
500 68 69 68 68
550 65 65 65 66
600 61 62 63 62
650 60 60 59 60
700 56 56 56 56
750 53 54 53 53
800 52 51 51 52

Furthermore, average timing precision between the different stop watches used in the experimant also be
used in analyzing the range of frequencies/frequehat are/is close or approximate to the requireduency for
accurate timing sequence of the digital clock/ stgpch. The difference between Average timg) @nd Time precision
(Tp) of the design digital clocky, — Ty is what helps in giving an insight of the freqogmange that can be more
suitable. Table 6 gives the Average timg)(df the stop watches used and the difference lestweerage time (J) and
Time precision (§) of the designed digital clockT, — T, ). Note the positive sign on difference$,(— Tp) indicate
that the design clock is moving at faster rate tthenexperimental rate to which it can be calildatdile the negative
sign indicate that design clock is moving at slovede than the experimental rate to which it cacdl#brated.
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Table6: Comparison of theaverage time,Jof the stop watches used and the difference letwererage time (4)
and Time precision (J) of the designed digital clocklj, — Ty )

Frequency Time precision of thg Average time (%) of the| Difference between average

Used in hertz (Hz). designed digital clock experimental stop watches |Intime (T,) and time precision of
(Tp) in seconds(s) seconds(sXT; + T, + T; + T,)/4 | the designed digital cloc

(To).Ta —Tp

500 60 68.25 8.25

550 60 65.25 5.25

600 60 62 2

650 60 59.75 -0.25

700 60 56 -4

750 60 63.25 -3.25

800 60 51.5 -8.5

Conclusion

In conclusion the design of the digital clock/stapeh was successfully carried out using synchromousiter and
basic logic gates. The designed system was impledeand simulated using electronics workbench. rEiselt of the
simulation shows that the system functions as désivhere for every 60 second there is one minatefar every 60
minutes there is 1 hour, until the clock reachetdi®s before it cycle back to 1 hour.
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