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Abstract

The objective of this paper is to highlight the effects of discrete
components and power fluctuations on the behaviour of digital
counters. A digital counter was designed and built using discrete
components and used to count up to a maximum of 3 1 people before
resetting. The paper recommends that it is preferable to use ICs in
building such counters because of the obvious advantages over
discrete components.

Introduction

Formerly, the use of discrete components in fabricating digital counters was the common
practice. However, as technology advanced integrated circuits began to feature in the market
around 1960s. Integrated circuits are normally fabricated from silicon chips in monolithic planar
form. Thus, diodes, transistors, and resistors can now- be found in chips (Mom's, Charles and
Kenneth). Hence, RS-, JK-, D-, and T- Hip - flops as well as NOR and NAND gates ICs, etc.
flooded the market.

Today, it is possible to design digital counters from these devices with the obvious
advantages over discrete components design. As low power is dissipated in the transistor at cut-off
(OFF) or at the saturated state (ON) digital circuits ICs are normally designed to operate at ON or
OFF state (Charles and Kenneth). As thin film technology advanced small-scale integrated (SSI)
circuits, medium scale integrated (MSI) circuits, and large scale integrated (LSI) circuits were
made (Morris). These electronic devices simplify design procedures.

However, this paper wishes to x-ray the effects associated with building digital counters
from discrete components. Using discrete components only the following circuits were designed
and built individually and coupled together to form the digital counter that comprises a Schmitt
trigger, five stages of flip-flops and a resetting circuit (Ezeadubu, 1975). Five torch bulbs were
used as light indicators for the ON/OFF states of the flip-flops. Included in the counter circuit are
the Ealing photoelectric effect module, the APS-100 Amplifier and the Power Packs which were
simply picked from the laboratory. When the photo-cathode of the Ealing photo-electric effect
module is bombarded by photons of light photo-energy electrons are liberated from its surface
which are swept out through a signal lead into the APS-100 Amplifier for amplification.

The powerful light beam from an electric bulb is directed at the cathode of the photo-diode.
The interruption of the light beam by the people as they pass generates electrical pulses which the
Schmitt trigger converts into square waves after amplification. The electrical pulses are fed into the
first stage of the flip-flops connected together in asynchronous mode for counting.

Materials and Methods Design of Schmitt Trigger

Using discrete components the Schmitt trigger displayed in Fig. 1 was designed and built
(Ryder, Blitzer, Bevitt, Sparkes). It is a squaring circuit that converts a sinusoidal wave into a
square w'ave. From the dc and ac analysis:



FWec(+10V)
o]

R
1K

_W\_@> Rs 6.8KQ
T,
Vi) 1 INPUT 3
R

22013 Ra

—
. OUTPUT

— :

Fig. 1: A Schmitt Trigger (T, and T, are ASY 73 Transistors)

Fig. 2 A Schmitt trigger with transistor T, cut-off. Current directions are
known Calculations (Assume Ti is cut-off)

The current directions defined in Fig. 2 lead to: ii =i2 + i3 =
(Vce-Ve)/(R, +R6){V,,*V.} (1)
b = Vu/R4{Vs « Ve} (2)
i3 = Ve/Rt {1 +hee} (3)

When the input voltage is positive going (using egs. (1), (2) and (3))
V, = Vg, or, Vj, = Vg, = Ve /{ I+(Ri + R¢)/R4 +(R1 + Rr,)/Ri(1 + h,,,..)}

If V, is zero Ti is cut-off by the voltage Ve across the emitter resistor Rs, 'f, conducts.
T, remains cut-off until V, exceeds Ve (neglecting Vge). As T| turns ON, a negative - going
voltage appears at A and transmits to the base of T, reducing its collector current. The voltage
Ve falls, further increasing lc, which reduces the voltage at A. T, conducts heavily and T,
remains cut-off. The effect is regenerative.

Period of output wave (Ryder), T=2C R4 In2=3.1ps (5)
Time constant of C - Rg - R4, x = CR.,Re¢/(Rs + Rg)sec = 1 ps (6)
As T, conducts heavily and T; is cut-off:
VcE(sat) ~ 0.2V, Ici(Sat) = 8.3mA. R, = [Vcc - Vcesal/Ici(SaO  (7)

Referring to fig. 2 (T, is cut-off and T, conducts): i, = 0.610mA in eq. (1) from the
transistor characteristics.
V. (Vce-Ve)/(R,+Rg) = 0.610mA (8)

where Ve =s '/, of V¢ for faithful output ~ 5.1 V. For ac signal to be effectively coupled
to the base of T, the capacitive reactance X. must pose a much lower resistance path than R,,:

4Xc = R6 (9)
Applying KVL to the V¢ - R2 - Rs loop:
Vce T Ralcysan + VCE(Sat) * leisanRs ( 1 0)

Calculation of Ri”™ and R, using eq.
(7):- R, =(10-0.20)V/8.3mA=
1.18KQ Ri = 1.2KQ (preferred
value)
For effective triggering choose the value of R, to be slightly
lower Choose R, = 1KQ Calculation of R*: Using eq. (8):-




Ri+ Re = (Voo - Vi) 0.010mA =(10 - 3.1Y0.610mA = 8.03K
Re=(8.03 - KO = T703KQ
Ry = 0.8KL2 (preferred value)
Caleulation of C: Using eqgs. (53 and (9)
AXe =Ry =068KO = Xe=1.7KQ
Frequency, F= /T = 1/3.1(ps) = 322.6kHz
Xe=Var x 322.6kHz x C = 1.7K2  —C =290pl
L C=2T70pkpreferred value)
dkuldljon ol Ry - Using eq. (6) and subslltutlngj values
Ry = 10 'RACR, - 10M= 100 x 6.8 x 10Y[270 x 10 x 6.8 x 107 - 107
=6.8KOQA836=8.13KOQ . R, =82KQ (preterred valuc)
Caleulation of Ry - Using eq. (10} and substituting values:-
. 10=10"x83x 107 +0.2+83x I07R,
R =180CUV e — 10V, Joasan = leasan = 8.3mA, Vg = 0.2V, Ry =1KQY)
Ry =2200 (prefcered valuc)
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) 22Ty, = 20)

80, 8
Ustng ¢q. 4: 827 0.220x21

With Vi = 2.7V the assumption that T; is cut-off is supported.
Design of flip-flop stage:

A flip-flop is a circuit with two stable states and designed to be in one of the states at
any given time. The flip-flop or binaries counter remains in one of the states until an input
signal causes it to change its present state. The flip-flop shown in Fig. 3 consists of two
amplifiers such that when one is conducting the other is cut-off (Ryder, Blitzer, Bevitt,
Sparkes, Kloeffler).
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Fig. 3: The first stage of the flip-flop equipped with a RESET circuit and a light indicator (bulb) in a
driver common collector amplifier,

T, =Ty= ASY73, [»'s = signal diodes (OAS1), T = ACI128,
Operation:

The flip-flop has three separate inputs A,B and C and four diodes to sicer input pulses to (he
required base. Applying a positive pulse to C only the negative trailing cdge of this pulse is allowed
to pass by the diodes Dy and D; steering it 1o the base of T, or T,.

Caleulation of Ry:

Assuming that Ty is conducting while T is cut-ofT, it implies thal point A is at low potential
and point B at high potential (about 4 1OV), The potential at ithe base of Ty is

V(T2 = [R/(R) + Ry x -10V =-1.8VY (11
which is quite sufficient to cut-off the NPN transistor 15, R, and Ry are potential dividers. Assume

R; = 10K} and using eq. (11} 0.82R, = 0.18R,
= R, =82K0/0.18 = 45.6KQ

Ry = 47KQ = R, (preferred value)

Calculation of Rg and R;:-
The potential at B is equal to Vg(T,). Using potential divider rule, V() = {R/AR, + R x 10V
=01V {12
(Since point B is at high potential = [0V). Since Ry = Ry =10KQ then using eq. (12).

10/(10+ Rg) =091 = 0.91R; =09

Rg = 98902 - Rg =Ry =1KQ (preferred value)
Calculation of Speed - up capacttors, C| and C;

The time constant of C, - Ry - Ry chain in Fig. 3 is

Cif'r(”R| + UR.|) = C|R|R4f(R] + R_]}
which should be short compared with the time between pulses for good pulse resolution (Ryder).
Having determined the period of the output wave of the Schmitt trigger (eq. {5}) to be 3.1us and the
time constant {eq.(6)) to be lus, let
ClR]R,y'{(R[ + R4) = |HS (]3)
= C;=(R;+R)x 10R R, =57 x 10" x 10710 x 47 x 10°F=121pF
(Ry=10KQ, Ry=47KQ) . C,=C,= 100pl (preferred value)

Substituting values in eq. (13
100 x 107 x 10x 10> x 47 x 10Y/57 x 107 = 0.82ps

Hence, the binary counter responds reliably 1o sequential trigger pulses separated by about
lus. The speed - up capacitors recharge during the small time interval. The time lor its recharging is
called the setting time.

The signal diodes (D3 and Dy) are shunted each by R; =R, =
YK since the negative trailing edge of the pulse from A or B passes through D, and Dy respectively
betng a lower reststance path, Ds and Ry, and D, and R; ensure negative feedback from the collector (o
the base of transistors T, and T respectively.

The binary counter project consists of five stages of flip-flop so that a maximum of 31 people
or commodities could be counted before resetting.
Light indicator:-

The output of each flip-flop was coupled to a torch bulb via a driver transistor T, (AC128) as
shown in Fig. 3. For any bulb that GLOWS its state is 0 and for any buib that is OFF its state is 1.
The inversion of state is because T, and T transistors are connected in common emitter made. The
biasing current (Iz for T1) =10V/150k€2 = 66.7puA. The ac current from the collector of T, of cach
flip-flop stage plus Iz of T, determine whether T; is ON or OIF. Note that if the collector of Ts is al
5V (Logic 0 the ac current into the base of Ty is SV/10kQ = 0.5mA.
Reset operation

The RESET is designed to cut-off T,'s transistors when applicd. The principle is that R,
(10k€2 resistor) in the reset circuit passes more current than R, (47kQ) for the biasing of the base of T,
transistor i.e. 10V/10°Q (amps)>10V/(47 x 10°Q2 ) amps = ImA > 0.2 ImA.

The application of the RESET SWITCH causes the whole five bulbs of the flip-flops



to go off.

The Ealing photoelectric effect
module Front panel controls

The front panel of the module shown in Fig. 4(a) contains the basic controls
(Instruction manuals). The output of the photodiode circuit marked SIG. B in Fig. 4(b) is
connected to the input (marked B) of APS -100 amplifier shown in Fig. 5 for amplification
(instruction manual).
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Fig- 4: (a) Front Panel Controls of (b) Photodiode Circuit
Photoelectric effect module Amplification: APS - 1 00 as

an amplifer
The output voltage of the amplifier shown in Fig. 5 is given by eq. (14).
Vou, = {(Ri + Rr)/Ri}V,n( volts) (14)

where V,n = 10K1p, 10 is in KQ, h, (photodiode current)is in mA, and 0<K<1.
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Fig. 5: APS-100 Amplifier (1) Va_riable In (2) Inverting In (3)
Non-Inverting In (4) Signal Ground (5) Output.

Results and Discussion

On the completion of the construction of the Schmitt trigger and the five stages of
flip-flop using discrete components they were assembled together with the photodiode module
and the APS - 100 amplifier module forming the digital counter (Ezeadubu, 1975). From the
test results it was
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certain that the digital counter was able to count the number of people passing the Physics
Department corridor.

However, the counter was observed to malfunction as the flip-flops were triggering from
time to time even when nobody was passing through the corridor. The phenomenon was attributed
to voltage fluctuations in the mains supply and changes in the transistor characteristics as a result
of heating effect as the digital counter was left on continuously during the counting session. The
heating up of the discrete components of the Schmitt trigger, the flip-flop stages and the power
amplifier was also believed to contribute to the change of state of the flip-flops when nobody was
passing through the corridor. If fluctuations in the mains supply and generation of fake pulses
within the counter could be eliminated its operations could have been excellent.

Conclusion
In view of the above deductions it has become necessary to review the building of digital
counters from discrete components and shift emphasis towards the usage of ICs in building them.
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