MODULE -1
ANALOG ELECTRONIC CIRCUITS
OPTOELECTRONIC DEVICES
Optoelectronic Devices is the field that deals with study of devices that emit, detect and control light in the

wavelength spectrum ranging from ultraviolet to far infrared. They include electrical-to-optical (convert
electrical energy into light energy) and optical-to-electrical (convert light energy into electrical energy)
transducers. Optocouplers also come in this broad category.

PHOTODIODES:
Photodiode is a light detector semiconductor device that converts light energy into electric current or voltage

which depends upon the mode of operation.
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The upper cut-off wavelength of a photodiode is given by; A=

where, A is the cut-off wavelength in nm and EE, is the bandgap energy in eV.

A normal p-n junction diode allows a small amount of electric current, under reverse bias, due to minority
charge carriers. To increase the electric current under reverse bias condition, we need to generate more
minority carriers. The external reverse voltage applied to the p-n junction diode will supply energy to the
minority carriers, but it will not increase the population of minority charge carriers.

A small number of minority carriers are generated due to external reverse bias voltage. The minority carriers
generated at n-side or p-side will recombine in the same material, before they cross the junction. As a result,
no electric current flows due to these charge carriers. For example, the minority carriers generated in the p-
type material experience a repulsive force from the external voltage and try to move towards n-side.
However, before crossing the junction, the free electrons recombine with the holes within the same material.
As a result, no electric current flows.

To overcome this problem, we need to apply external energy directly to the depletion region to generate
more charge carriers. A special type of diode called photodiode is designed to generate more number of
charge carriers in depletion region. In photodiodes, we use light or photons as the external energy to generate
charge carriers in depletion region.

Construction:

The typical construction of a photodiode is illustrated in the following Figure. This example uses a
construction technique called ion implantation where the surface of a layer of N-type is bombarded with P-
type silicon ions to produce a P-type layer of about 1 pm (micrometre) thick. During the formation of the
diode, excess electrons move from N-type towards P-type and excess holes move from P-type towards



N-type; this process is called diffusion, resulting in the removal of free charge carriers close to the
PNjunction, so creating a depletion layer as shown in the following Figure.
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The (light facing) top of the diode is protected by a layer of Silicon Dioxide (SiO.) in which there is a
window for light to shine on the semiconductor. This window is coated with a thin anti-reflective layer of
Silicon Nitride (SiN) to allow maximum absorption of light and an anode connection of aluminium (Al) is
provided to the P-type layer. Beneath the N-type layer, there is a more heavily doped N+ layer to provide a
low resistance connection to the cathode.

Working Principle:
When the conventional diode is reverse biased, the depletion region starts expanding and the current starts

flowing due to minority charge carriers. With the increase of reverse voltage, the reverse current also starts
increasing. The same condition can be obtained in photodiode without applying reverse voltage.

The following Figure shows photo diode bias symbol. The junction of Photodiode is illuminated by the light
source; the photons strike the junction surface. The photons impart their energy in the form of light to the
junction. Due to which electrons from valence band get the energy to jump into the conduction band. This
leaves positively charged holes in the valence band, so producing ‘electron-hole pairs' in the depletion layer.
Some electron-hole pairs are also produced in P and N layers, but apart from those produced in the diffusion
region N layers, most will be re-absorbed within the P and N materials as heat. The electrons in the depletion
layer are then swept towards the positive potential on the cathode, and the holes swept towards the negative
potential on the anode, so creating a photo current. In this way, the photodiode converts light energy into
electrical energy.
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V-1 Characteristics of Photodiode:
The characteristics curve of the photodiode can be understood with the help of the following Figure. The

characteristics are shown in the negative region because the photodiode can be operated in reverse biased

mode only.
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The reverse saturation current in the photodiode is denoted by lo, It varies linearly with the intensity of
photons striking the diode surface. The current under large reverse bias is the summation of reverse

saturation current and short circuit current.

Il = Ilsscc+ 1o (1 — eevv/avvvy)
Where Iy is the short circuit current, V is positive for forward voltage and negative for reverse bias, V; is

volt equivalent for temperature, A is unity for germanium and, 2 for silicon.

Applications:
Photodiodes are used in consumer electronics devices like smoke detectors, compact disc players,

and televisions and remote controls in VCRs.



» In other consumer devices like clock radios, camera light meters, and street lights, photoconductors
are more frequently used rather than photodiodes.

» Photodiodes are frequently used for exact measurement of the intensity of light in science and
industry. Generally, they have an enhanced, more linear response than photoconductors.

LIGHT EMITTING DIODE (LED):
The LED is a PN-junction diode which emits light when an electric current passes through it in the forward

direction. A P-N junction can convert absorbed light energy into a proportional electric current. The same
process is reversed here (i.e. the P-N junction emits light when electrical energy is applied to it). This
phenomenon is generally called Electroluminescence.

Electroluminescence is the properly of the material to convert electrical energy into light energy and later
it radiates this light energy. Different sizes of light emitting diodes are available in market form Imm? to
onward.

Construction:
The semiconductor material used in LED is Galliurn Arsenide (GaAs), Gallium phosphide (GaP) or Gallium

Arsenide Phosphide (GaAsP). Any of the above-mentioned compounds can be used for the construction of
LED, but the color of radiated light changes with the change in material (for example, GaP material gives
green/red color with forward voltage of 2.2V).

The semiconductor layer of P-type is placed above N-type because the charge carrier recombination occurs
in P-type. Besides, it is the surface of the device, and thus, the light emitted can be easily seen on the surface.
If P-type is placed below the N-type, the emitted light cannot be seen. The following Figure shows cross
sectional view of diffused LED.
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The P-type layer is formed from diffusion of semiconductor material. On the other side, in N-type region,
the epitaxial layer is grown on N-type substrate. The metal film is used on the P-type layer to provide anode
connection to the diode. Similarly, Gold-film layer is coated on N-type to provide cathode connection. The
Gold-film layer on N-type also provides reflection from the bottom surface of the diode. If any significant
part of radiated light tends to hit bottom surface then that will be reflected from the bottom surface to the

device top surface. This increases LED's efficiency.



Working Principle:
The charge carriers recombine in a forward-biased P-N junction as the electrons cross from the N-region

and recombine with the holes existing in the P-region. Free electrons are in the conduction band of energy
levels, while holes are in the valence energy band. Thus the energy level of the holes is less than the energy
levels of the electrons. Some portion of the energy must be dissipated to recombine the electrons and the
holes. This energy is emitted in the form of heat and light.

The working of the LED depends on the quantum theory. The quantum theory states that, when the energy
of electrons decreases from the higher level to lower level, it emits energy in the form of photons. The
energy of the photons is equal to the gap between the higher and lower level, as shown in the following
Figure.
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Recombination
The LED is forward biased, which allows the current to flow in the forward direction. The flow of current
is because of the movement of electrons in the opposite direction. The recombination shows that the
electrons move from the conduction band to valence band and they emit electromagnetic energy in the form

of photons. The energy of photons is equal to the gap between the valence and the conduction band.

Color of light can be determined by the band gap of semiconductor material.
Applications:
* LEDs are used in remote control systems such TV or LCD remote.

» Used in traffic signals for controlling the traffic crowds in cites.
* Used in digital computers for displaying the computer data.

* Used in electronic calculators for showing the digital data.

* Used in digital watches and automotive heat lamps.

PHOTOCOUPLER:
Photocoupler or Optocoupler is a device that transfers electrical signals between two isolated circuits by
using light.




Photocouplers are used in many functions: they can be used to link data across two circuits; they can be used
within optical encoders, where the optocoupler provides a means of detecting visible edge transitions on an
encoder wheel to detect position, etc., and they can be used in many other circuits where optical links and
transitions are needed. As a result, optical couplers or photocouplers are found in many circuits.

Construction:

All optocouplers consist of two elements: a light source (a LED) and a photosensor (a photoresistor,
photodiode, phototransistor, silicon-controlled rectifier (SCR), or triac); which are separated by a dielectric
(non-conducting) barrier.

Working Principle:
When input current is applied to the LED, it switches ON and emits infrared light; the photosensor then

detects this light and allows current to flow through the output side of the circuit; conversely, when the LED
is off, no current will flow through the photosensor. By this method, the two flowing currents are electrically
isolated. It consists of LED and photodiode; where the circuits are isolated electrically. In the following
Figure, LED is forward biased, photodiode is reverse biased and output exists across R-.
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The Figure (a) describes the basic operation of an optocoupler. When current is not being applied via Pin 1,
the LED is off, and the circuit connected to Pins 4 and 5 is experiencing no current flow. When power is
applied to the input circuit, the LED switches on, the sensor detects the light, closes the switch and initiates
current flow in the output circuit, as shown in the Figure (b).

Applications:
* Input and output switching in electronically noisy environments.

»  Controlling transistors and triacs.
*  Switch-mode power supplies.

* PC/ Modem communication.

» Signal isolation.

»  Power control.



MULTIVIBRATORS USING IC-555
A multivibrator (like an oscillator) is a circuit with regenerative feedback, which produces a pulsed output.
There are three basic types of multivibrator circuits:

» Astable — has no stable states, but switches continuously between two states. This action produces
a train of square wave pulses at a fixed frequency.

* Monostable — one of the states is stable, but the other state is unstable (transient).
» Bistable — the circuit is stable in either state.

Timer 1C-555:
Timer IC-555 is the one of the most commonly used general-purpose linear integrated circuits.
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Internal Schematic of Timer IC-555

The Timer IC 555 comprises two Op-Amp comparators, a flip-flop, a discharge transistor, a reset transistor,
three identical resistors and an output stage. The resistors set the reference voltage levels at the non-inverting
input of the lower comparator and inverting input of the upper comparator at +Vcc/3 and 2Vcc/3,
respectively. The output of two comparator feed SET and RESET inputs of the Flip-Flop. This decided the
logic state of its output and subsequently the final output. The Flip-Flops complementary outputs feed the
output stage and the base of the discharge transistor. Hence, when the output is HIGH, the discharge
transistor is OFF and when the output is LOW, the discharge transistor is ON.



MONOSTABLE MULTIVIBRATOR:
Monostable multivibrator using 555 timer IC is as shown in the following Figure. This 555 timer is called

monostable multivibrator because it has only one stable state. Resistor Ra and capacitor C are components
connected externally to the IC-555. Threshold voltage (6) and discharge (7) pins are

connected to each other.
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© Initially the SR -FF is set ( Q = 1); transistor T is driven into saturation, and the capacitor is by
passed by the transistor. Therefore, the capacitor voltage Vc = 0, and also the output voltage Vout
=0@sQ=1).

o When the negative going trigger pulse (which should be more than 1/3 Vcc) is applied at trigger
input of lower comparator, the comparator output goes high; and SR-FF is reset (Q = 0), forcing

QQ®to go high and transistor T turns off.



o As T is off, capacitor starts charging through Ra. Now, the output will remain high (from t; to tz, in

waveform shown).

o Attime ty; the voltage across the capacitor Vcc becomes more than 2/3 Vcc and upper comparator
output goes high. This will set the SR-FF (Q = 1).

o Since, SR-FF output Q = 1; transistor T is ON, and hence, capacitor discharges, and also output
goes low. The output remains low till the next trigger pulse is applied.

From the waveform of monostable multivibrator, it is clear that, the ON time Ton of the output voltage is
same as charging time of the capacitor.

Therefore, Ton — is the time taken by capacitor to charge from 0 to 2/3 Vcc.

The voltage across capacitor increases exponentially and is given by; Ve=Veel—e i ]

As capacitor charges through Rp; let us replace R by Ra: Hence, Vi = Vi [1 — & fat|
Att =1t (Ton), the capacitor voltage (V¢) reaches 2/3 Vcc:

3 Tow TTooo0
Ve=gVee = Ve [1—e faf] e fat

Therefore, Or, =1-2/3=1/3
Therefore, Ton=1.1RAC

Applications:

A monostable multivibrator can be used in many applications, few important applications are
1. Frequency divider
2. Missing pulse detector 3.

Pulse width modulator

4. Pulse position modulator etc.

For a monostable muitivibrator time delay 7 = 100 ms and resistance R = 105 kQ. Calculate
the capacitor value.

Given: 7= 100 ms, R = 105 kQ
We knew that the pulse width W is given by

W = 1.1RC - /".1,(lmncdc|;:y)

Ten . 100 ms

C = ——

1.1R 1.Ix105k

C = 0865uF




Design a monostable multivibrator circuit using 555 timer to produce an output pulse of
20sec width.

The output pulse [T, ] is given as
T, = 20 sec
WKT 7, = 1.1RC Assuming C = 150 puF
20 = 1.1 R x 150 pF
20
 1.1x150%10°°
R = 121.21kQ

= 121.21kQ

Find the resistive element value to generate 7 = 10 ms time delay, using 555 timer as a
monostable multivibrator Assume C = 0.47 uF.

The on period of pulse is given by

T,, = L.IRC
10 x 102 = 1.1 x R x 0.47 x 10¢
10x107°

= 19.34kQ

T 11x047x10°°
R = 19.34 kQ| We can choose standard value as 18 kQ.

Design a timer that can turn on a heater immediately after pressing the button, and it should
hold the heater in on-state for 10 seconds.

The relay coil should be energized for 10 seconds to hold heater on so 7 is
10 seconds and choosing C = 47 uF.
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Monostable multivibrator used to turn—on relay

ASTABLE MULTIVIBRATOR:




An astable multivibrator does not have any stable state; it keeps changing its state from low to high and
high to low. This multivibrator is also called free running multivibrator or rectangular wave generator
circuit. Astable multivibrator does not require an external trigger pulse to change the state of the output.

The circuit configuration of an astable rnultivibrator is as shown in the following Figure.
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To understand the operation, let us divide the circuit operation into two time interval Ty and Toge.
ON time operation:

o Att=0, the voltage on the capacitor Vcc = 0, the same capacitor voltage is applied to both trigger
point of lower comparator and threshold point of upper comparator. As capacitor voltage V¢ = 0,
which is less 1/3 Vcc, the output of lower comparator goes high (QQ€=1) and Q = 0. This causes
T to go off and capacitor starts charging through series resistors Ra and Rg. When capacitor voltages
reaches 2/3 Vcc, on time is terminated.

OFF time operation:
o Assoon as Ve exceeds 2/3 Vcc, the upper comparator output goes high and it will set the SR FF.



ie,S=1landR=0and Q =1 and QQ€= 0. This will turn on transistor T, and output at pin (3)
goes low.

o Now, the capacitor discharges through Re, and through transistor T. The discharge time (also called
off time (Tp); and it depends on the values of Rg and C. When capacitor voltage is Vc = 1/3 Ve,
lower comparator output goes high.

o This process of charging and discharging is continuous and hence circuit oscillates. The schematic
diagram and waveforms are as shown in the Above Figure.

The output voltage waveform is the sum of charging and discharging periods (T¢, and Tp) of the capacitor.

.. Period of one cycle T = Tc + Tp. Frequency can be written as f = 1

T Te+Th

Voltage across charging capacitor is given by (initial voltage on capacitor is zero);
Vg = Veg[1-e W]
If there is some initial voltage present, the voltage expression for capacitor changes, and is given by;
1-"r|:_- = l"rll.- + (1"{.; - L"}JﬁfT
Where Ve - final voltage capacitor can reach, and V; - is Initial voltage on capacitor.
During charging time Tc, the initial voltage on the capacitor is V; = 1/3 Vcc, and the final voltage is Ve =
Vce. Also as charging takes place through both Ra and Rg, the above expression becomes;

2V, 1 L
= = Voot GVec —Veoe (Ra+hple

1 '2 _['.l 'I"L'l
SVee = (G Vec)e arman

Therefore, Ton=Tc=0.693 (RA + RB) C

From discharging waveform; we can note that, the capacitor discharges from 2/3 Vcc to 1/3 Vcc; and can be

o
L i

expressed as: %1&-{.— =0+ (i Vee — D)e ot

I
3

1 2 =rR
Or, FVee = GVec)e

Therefore, Torr=To=0.693Rs C
Hence, Total period, T= Ton + Torr = 0.693 (Ra + 2Rg) C

1 1.44
Frequency, f = ™ oz
Duty Cycle, %D = [(on time) / (total time)]*100
Ry+R
%p=-FatRe) 00

(Ra +2Rp)

Applications:
A nastable multivibrator can be used in many applications, few important applications are



1. Square-wave oscillator/ generator
2. Schmitt trigger using 1C-555
3. Voltage controlled oscillator.

For an astable circuit R, = 22 kQ, R, = 30 kQ and C = 0.5 uF Find on and off period of the
output wave form shown in Figure 7-17.

%, T

FIGURE 7-17
The on period corresponds to charging period of a capacitor and charging takes place
through resistors R, and R,.
ST = Ton = 0.693(R, + R3)C

0.693(22+30)x10° x0.5x107®

Ton = 18 msec

The off period corresponds to discharging time (7},) of the capacitor and discharging
taken place through R, only.
ol TD - Tcﬁ‘ = 0.693R2C

= 0.693x30x10°x0.5x107°

Tor = 10.395 msec




A 555 timer is configured to operate in astable mode with R, = 5 kQ, R, = 5 kQ and
C = 0.01 pF, Determine the frequency of the output and duty cycle.

Given: R, =5 kQ, Ry,=5kQ, C=0.01 uF
Frequency of oscillation for astable multivibrator is given by

f =

1.45 = 1.45
(Ry4+2R5)C  (5k+2(5k))0.01pF
_ 1.45

5%107 +2(5%10%)x0.01x10™°

[/ = 10.357 kHz|

3
T

3 k!
and Duty cycle D = Ri+Rp _ SXI? +5xl0‘
R +2R, 5x10° +2(5%10%)
3
= 10X10_ . 66.66%
15x10
D = 66.66%

Design an astable multivibrator using 555 timer for a frequency of 2 kHz and a duty cycle
of 75% Assume C, = 0.1 uF,

Given: f= 2 KHz, duty cycle = 75%, C = 0.1 uF
The on period 7, = 0.693 (R, + R,) C.
The off period 7 ;= 0.693R, C

Towl period 7'=T7, + 7 5= 0.693(R, + R,) C
= Duty cycle D is given by

pe—Tou _Tum _ 0695 (R, + Ry )E
C TuwtTy T 0493 (Ri+2R5)E

R,( +R3 3
| ——— = = (75
R4+2R8 4 1X103 = f - l = !
“3(Ry+2Rg) =4 (R, +Ry) T 0.693(1.5R )x0.1x10™¢
3R, +6Ry =4 R, + 4R, + 4R, R !

A =
. 0.693(1.5)0.1x10 ™" x10°

Substituting for R, in expression for T .
T = 0.693(R4+ Ry )C Ry =3R4
1
= 0.693(1!,. +%R4 Jx().lxlO"s = 3x9.6x10’
T = 0_693(1&4}(0’1,(]0-6 e 1 Ry = 48kQ
2 T




OPERATIONAL AMPLIFIER (OP-AMP) APPLIATION CIRCUITS

An Op-Amp is a direct-coupled high gain, high bandwidth differential amplifier with very high value of

input impedance and very low value of output impedance.
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Basic Differential Amplifier & Circuit Representation of an OP-Amp

The ideal Op-Amp model was derived to simplify circuit calculations. The ideal Op-Amp model makes three

assumptions:

1. Input resistance (impedance), Rj = o

2. Output resistance (impedance), R, =0

3. Open-loop (differential voltage) gain, Aq=
Based on these three assumptions,

other assumptions can be derived:
1. SinceRi=o0,Ii=1,i=0
2. Since Ro=0,Vo=Ad*Vy

3. Zero DC input and output offset voltages
Bandwidth and slew rate are also infinite, as no

Ideal Op-Amp

Practical Op-Amp

Internal Impedance is infinite

Input Impedance range 100KQ to
1000MQ

Output Impendence is zero

Output impedance range from 10Q
to 100Q

Open loop differential voltage gain is
infinite

Open loop gain is in the range ¢f
10,000 to 100,000

Bandwidth is infinite

Bandwidth is limited

DC input and output offset voltage is
zero

Finite DC input and output offset
voltage

nput differential voltage is zero Finite differential voltage is finite
quency dependencies are assumed.

5. Driftis also zero, as there is no changes in performance over time, temperature, power supply variations, and so

on

6. Since output voltage depends only on differential input voltage, it rejects any voltage common to both inputs.

Hence, common mode gain =0

Open-loop gain is the differential voltage gain in the absence of any positive or negative feedback. Practical OpAmps

have —

1. Input impedance can vary from hundred of kilo-ohms (for some low-grade Op-Amps) to tera-ohms (for high

grade Op-Amps).

g~ wDn

grounded.

PEAK DETECTORS:

Output impedance may be in the range of 10 to 100 Q
Open-loop gain in the range of 10,000 to 1,
Bandwidth is limited and is specified by gain-bandwidth product

00,000

There may be some finite DC output (referred to as output offset voltage), even when both the inputs are



Peak detector detects holds the most positive value attained by the input signal. The following Figure shows
peak detector circuit.
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During positive half cycle of the input, D-conducts and capacitor charges to peak (highest) value of the
input. Capacitor retains its charged value unless and until it discharges with a help of switch.

e .l

The op-amp is connected as a voltage follower and its output voltage will be equal the drop across
capacitor which is positive peak value of the applied voltage and will remain that for long periods until next
more higher peak occurs at the input. For negative cycle of input, the diode is reverse biased and capacitor
retains its value.

Modified Peak Detector:
More sophisticated peak detector that buffers the signal source from the capacitor is shown in the following
Figure.
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As Op-Amp (Ay) is connected as voltage follower, the circuit presents very high impedance to the signal
source. Op-Amp (A,) acts as a buffer between the capacitor and the load. Output (Vo) at any given time is
equal to the voltage on the capacitor which is nothing but, the peak value of the input occurred up to that
time.

Whenever the input signal has higher peak than the present one, the capacitor charges up to new
high input level. Whenever input level gets dropped, then capacitor retains the peak value of input, as diode
D, gets reverse biased and diode D, prevents amplifier A; output from going into negative saturation.

To hold the negative peak of the input signal, reverse the diode connections in the above Figure.
Applications:

o Used for AM in communication o Used in test and
measurement instrumentation applications.



SCHMITT TRIGGER (REGENERATIVE) COMPARATOR:
A Schmitt trigger is a fast-operating voltage level detector.

Inverting Schmitt Trigger:
The input voltage Vi, is applied to the inverting input terminal and the feedback voltage goes to the

noninverting terminal. This means, the circuit uses positive voltage feedback (i.e., feedback voltage aids the
input voltage).

If the input voltage at the inverting terminal is slightly positive than feedback voltage at the non-inverting
terminal, the output voltage will be negative (negative saturation, —Vsa); and if the input voltage more
negative than the reference feedback voltage, the output will be positive (positive saturation, +Vsa).

UTP

LTP

Hence, the voltage at the output switches from +Vg, t0 —Vsar OF Vice-versa; are called Upper Trigger Point
(UTP) and Lower Trigger Point (LTP). The difference between two trigger points is called Hysteresis. The
upper and lower trigger points can be written as;

UTP = ot=eVi, LTP = s (~Vias)
Vae =UTP —LTP = — 2oy = — P2y 3 (i) Voo = 28V.s
. (Ry +Rz) (R + R3) o Ry + Ry/ '
R2
b= +r,

Non-Inverting Schmitt Trigger:
The input voltage Vi, is applied to the non-inverting input terminal and the feedback voltage also goes to the

non-inverting terminal. The inverting terminal is grounded..

Initially, assume that the output is in the negative saturation (—Vsa). Then the feedback voltage is also
negative. This feedback voltage will hold the output in negative saturation, until the input voltage becomes
positive enough to make voltage positive.



By,

il

} Vo

Let Va is the voltage at point A. Hence, Va = IR..
Since no current passes through the Op-Amp, entire current flows through R..
Vo _

Therefore, f = Pl

When Vi, becomes positive and its magnitude becomes greater than (R2/R1)Vsa:, then the output switches to
+Vsa. Therefore, the UTP at which the output switches to +Vsx is given by;
RV
R,
Similarly, when Vi, becomes negative and its magnitude becomes greater than (R»/R1)Vsa, then the output
switches to —Vsa. Therefore, the LTP at which the output switches to —Vsa is given by;

TP =

RZ V.iur
UTP =~
RZ
Vigs = UTP = LTP = 2 (") Vear = 26V
R2
g = R

Applications of Schmitt Trigger:
Schmitt trigger is used in many applications, where level needs to be sensed. Hysteresis is used to reduce

the multiple transitions that can occur around.

o Digital to analog conversion o
Level detection o Line

reception.



Design a Schmitt trigger whose threshold voltages are = 5 V. Draw its wave forms.
Choosing op-amp with ¥, =+ 13.5 V with supply £ 15 V.

VU’I‘P = +5V
Now Vyrp = 5 ’:ZR Ve ie,5= - ’i’R x13.5
I 2 1 2

SR +Ry =27R; ie.R =1.7R;
Choose Ry = 10kQ =R, = 17kQ (Use 18kQ)

The designed circuit with waveform are shown below.

~13.5

For the circuit shown, R, = 120 Q and R, = 51 kQ Determine the threshold voltages, if
power supply applied to the op-amps are +15 V and 15 V.

Given V=15V
Vw' = +Vee = +15V.
V.un— o X VEE = ~ 15V, Vin
R] = Sle..R: =120Q
WKT vt
y 15%12
Vorp = =2 -2 = L R,
Ri+Ry; 51x10°+120
Vi R3 - 15%120 s
Vite = =

= = - 352mV
Ri+Ry  51x10°+120 m



R

2 = 28*2 28R2 = 2R +2R 6 = .' o =
T i 3 26R, = 2R, e, |R; 13R,
Let|R; = 10kQ Ry = 13x10k = 130kQ

Design schmitt trigger circuit with UTP = — 2 and LTP = — 4V.V_ =14V
L - A

“’c have, UTP < LTP = 2 Rz V“' "r-"
R] + Rz

-244 =2 = 2R2Vut = 2R2
RI+R2 R|+Rz

x14

28R,
2 - = >
R+ R, = R, = 13R; "
.|“. 14 V beceressace
LetR; = 10k SR = 130kQ(120k sid )
Also WKT olﬁ N i
UTP + LTP = ZRI.VRcf "l-="l4v[ 4
' Ri+R;
(R +R; )(UTP+LTP) Vor = 327V
VRer = >R, Ref LELN
~ MmE TR L AAED .A"mED — NN D.
Example 7:

For the schmitt trigger R, = 3 kQ and R, = | kQ calculate the ¥y Vyiqpand V. Assume
saturation voltages as + 12 V.

Given: V" =12Vi Vi~ =-12V; Ry = 2kQ;
WKT
G B e
Vure = ——R:—— )
(12)x1lk
= —t =4V
3k v‘v“v
" R,=1kQ R,
% = -(Vsar )Rl -
L1P ——R: L
- 2
= _(_I_-._)_X|_k = -4V
3k

The hysteresis width is given by
& Bifp ¥ gt 1 alblin - 1] a2V
Vy = R:[w V™ | =5 [12- 1] =3

—y - »—.1'|—

ACTIVE FILTERS:




Filter is a frequency selective circuit commonly used in signal processing that passes signal of specified
range of frequencies and blocks the signals of frequencies outside the band. Active filters are attractive due

to their —

* Flexibility in gain control

*  Small component size

* No loading Problem

+ Pass band gain

» Use of the inductors can be avoided
Filters are useful in many areas of applications, such as Communication and Signal Processing. They are
found in electronic systems like Radio, Television, Telephones, Radars, satellites, and Biomedical

instruments.

[ Filers |

v

A\ 4 h 4

[ Digital Filters ] [ Analog Filters ]
v
1

v
[ Passive Filters ] [ ActivevFiIters ]

Broader Classification of Filters

Passive filters work for high frequencies; but at audio frequencies, the inductors become problematic, as

they are large, heavy, high power dissipation, and expensive.

Active filters use Op-Amp as the active element, resistors and capacitors as passive elements.

SNo. Passive Filters Active Filters

1 | Filters with only components like resistors, | Filters with components such as Op-Amps,
capacitors, and inductors are known as| transistors, and other active elements are known as
passive filters. active filters.

2 | Passive filters do not require an external | Active filters require an external power supply for
power source for operation; incapable of| operation; capable of providing power gain.
providing power gain.

3 | Better stability and can withstand large Oscillations and noise will be generated due to
currents. feedback loops.
4 | A passive filter has no frequency Due to active elements, active filters have

limitations. frequency limitations.




5 | Passive filters circuits are bulky/ heavy due | Active filters circuits are more compact, less
to the presence of inductors; they consume | heavy; and operate with high speed.

more power and operate with limited
speed.

6 | Difficultto fabricate in IC form and usually | Can be fabricated in IC form and usually designed
designed using discrete components. using discrete components.

Active filters offer the following advantages over Passive filters:
» Gain and frequency adjustment flexibility
* No loading problem & No insertion loss
*  Size and weight
* Cost.
Most commonly used active filters are —
» Low-pass filter, High-pass filter, Band-pass filter, Band-stop filter (Band-reject filter), and Allpass

filter.

Freqguency Response:

Low pass Filter response High pass Filter response:

"~ A

T

Cam

Ideal Response

A

Pass band

LY Stop band
- > ¥ = s S - 7’
ly Froquency e f Frequency ——-

Band pass filter frequency response Band reject filter frequency response
Ideal Response A

Pass band

: i | - | 3
£ ’ fu  Frequency —» / i ly  Frequency —»

Design:
An active filter generally uses Op-Amp. Op-Amp has very high input impedance and low output impedance.

The gain is determined by the resistive network in the feedback loop.

First Oder Active Low-Pass Filter (LPF):




The first-order low-pass butter worth filter consists of a single RC filter stage, providing a low frequency
path to the non-inverting input of an Op-Amp. The circuit diagram and the frequency response of the

circuit is given below:

R' B

R,
¥ VW
i My

1—/1
g rll

R Low Freq.
R —3 ¥

-
|
+
|
-
<
o N
13
e
-

C

¢ T
o =
“
Voltage Gx;in
0.707A; —prmmmmmmeemmememn
(3dB)
- - : >
Pass band | Stop band
fy  Frequency —p

From the graph; the gain (Ag) is almost constant for the frequency range: 0 < f < f,,.

» At cut-off frequency, f = fu, the gain is 0.707A¢.

»  After cut-off frequency fu, the gain decreases at the rate of 20 dB/decade.
1

*  The cut-off frequency is given by: f; = ——

*  Pass band gain is given by: 4, = 1 + ?
Some applications of low-pass filters are — o Low-pass filters are used in Audio

amplifiers o LPFs are used in equalizers or speakers to reduce the high

frequency noise.

Dcig a first order low pass filter with cut-off frequency of 2.2 kHz and with pass band

gain of 2.



Given: cut-off frequency f, ~ 2.2 KHz.
Let us choose C = 0.01 pF
Y
T 2zRC
) et 1
"2 fuC mx22x10° x0.01x10~
R«7233k02
For frequency scaling, use the potentiomerer of value caleulated below.
WKT

WKT fu

Rl
Ap=] 4 =2
¥ R,
Ry

—Lu

R
Thercfore R, = Ry = 10 k(Tuke).

The low pass filter circuit with designed values is as follows:

Determine the value of the resistance required for the low pass filter with cut-off frequency

30 k rad/sec and capacitor value = 0.001 uF.

Given @, = 30k rad/sec and C = 0.001 pF.

WKT oy = 2r/,
and fH= l
2nRC
I
Wy =M X =30x10?
2ER%0.001x107°
R= :
30x10°x0.001x10~°
1
= =0.33x10**
30x 36% x 107F x1075
R=33kQ

Second Order Low-Pass Filter:

First order filter can be converted to second order filter by adding an extra RC-network, as shown in the
following Figure. The frequency response of second order low-pass filter is same as the first order lowpass
filter except that the gain at the stop band rolls off at the rate of 40 dB/decade.

Slope = 40 dB/decade

i Stop band

-~
Frequency e

»  After cut-off frequency fu, the gain decreases at the rate of 40 dB/decade.



1

2 Mzl s oIfR:2=R; =R & C; = Cs = C; then

» The cut-off frequency is given by: fi =

fu= Ighe

Ap =1+
Pass band gain is given by: '

Determine the values of Resistance required for second order low pass Butter worth filter
having cut-off frequency as 15 k rad/sec with capacitor value as 0.01 uF.

Given: wy, = 15k rad/sec, C = 0.01 F.

From equation (7.38)
1

Jiu= 22 JRRC:C
But R, = R, = R and C, = C; = C and C as 0.01 uF
fu= ‘ - .
” B = —
27 (R) x(0.01x10¢)? 27 XRX0.01x107°

3
and @ =20, =15k radisec =2x x ;=15 x 100 fy= 2 =2.3870 kiz

™

on substituting f;, in equation(*), it becomes

|
2rx Rx0.01x107°

2.3870x10° = R=667kQ R,=R,=667kQ

Design a second order low pass filter with cut-off frequency of 10 kHz and unity gain at low
frequency. Also calculate the voltage transfer function magnitude at 15 kHz for the filter.

1
Given: Cut-off fre =
iven -0 quency [y SHRC
RC=—' =1 -1592x10"¢
2nfy 2rx10x10°
-0
Let R = 100 k€, then C-—-l—s'gz—XI-O,— = 0.159 pF
. 100x10°

Therefore C, = 0.159 pF and C, = 0.159 pF

The voltage transfer function is given by

V,(s A
o, L= 1 = 0.406

Vm(sr\/“(ﬁ]‘—\/“[ig:fz]




Design a second order low pass butter worth filter for the cut-off frequency f,, = 200 Hz and

draw the circuit diagram.
Given : f,, = 200 Hz.

For second order filter

R,= 0.586R,
Choose R, =R,=Rand C, =C,=C=0.1 uF
T i hy= 1 2L w1586
Now, let us find value of R oo F R, R
; 1
fu= ZRC choosing R, =10kQ
R
200= 1 1+—L=1.586
2mxRx0.1x107° Ry
R=7.96 kQ. L S
10kQ
R
—L _-0.586
10kQ
R, = 5.86 kQ
For adjustment use 10 kQ pot.
High-Pass Butter Worth Filter:
High-pass filters passes higher frequency signals, attenuating all signals below cut-off frequency, f..
First Order High-Pass Butter Worth Filter:
The filter circuit consists of a passive filter followed by a non-inverting amplifier.
R] R,v
s /Slope + 20 dB/decade
0.7074, B 4
C  High Frequencies 3dB)
s e
" - » - >
T_ Low | Stop band Pass band
" Frequencies ¥
0' o "' »>

n

Frequency —»

* Atlow frequency: f < fi, F—”< Ar. Ar increases at the rate of 20 dB/decade till f = f,.

+ At cut-off frequency, f = f., the gain is 0.707Ar.

» At very high frequency f > fi, J—Jz Ak is constant.

1
EE ST

»  The cut-off frequency is given by: f; =

+ Passband gainis given by: A, =1 + ?



Design a first order high pass filter with a cut-off frequency of 10 kHz with pass band gain

of 2.
Given: f, = 101 kHz (given)
Choose C < 1 uF.
Let C=0.01uF

1
Calculate R = -
2x fe
R = _l ,
2xx10x10° x0.01x107°
R=1.5913kQ
Step 4: Gain A, =2 = 1+ 2
R
R
—=|1= R, =R,
R,

Choosing R, = 10 kQ(say).

Second Order High-Pass Filter:

A first order high-pass filter can be converted into a second order high-pass filter by using an extra
RCnetwork in the input side. The frequency response of second order high-pass filter is same as the first
order high-pass filter except that the gain at the stop band rolls off at the rate of 40 dB/decade.

o
-

»  The cut-off frequency is given by: f; = =
O IfR2=R3=R&C2=C3=C;then _,Irirl =

L

+ Passband gainis givenby: 4, =1 + =

2

20 Rz 30 05

L

ol

ey -
Frequency ——p



For the circuit shown in Figure

find (a) lower cut-off frequency (b) pass band gain

R, R,
YWy W
L 54k0 31.6kQ

B \
C, C,
Car ™ T
f
0.01 uF 0.01 uF V
R, =16kQ

Vin R, =16kQ

Given: R, =R;=16kQ and C, = C, = 0.01 uF
(a) The lower cut-off frequency for second order high pass filter is given by

' = : — =1kHz

= 27 R2R:CC5 2"\1{(16><103)2 (O'OIXIO_(,)Z

f[_=lkHZ

5)  The pass band gain is
R, 31.6x10°

Ar=l4—"—=]4+— =1.586
F R, 54x10°

-‘1F =1.586

Active Band-Pass Filter:
Active band-pass filters provide an effective means of making a filter to pass only a given band of

frequencies. An active band-pass filter can be constructed by cascading a single low-pass filter with a single
high-pass filter, as shown below:

P Low-pass
»  Amplification |——m —> V.,

v "\ High-pass
filter

" filter

The cut-off frequency of the low-pass filter is higher than the cut-off frequency of the high-pass filter; and
the difference between these frequencies at the —3dB point will give the ‘bandwidth’ of the band-pass filter.
A band-pass filter can be characterized by Quality factor (Q). The relation between Q, 3dB bandwidth, and

the centre frequency, fc, is given by; @ = ;—b‘u = f"l—“r

Wide Band-Pass Filter:
A low Q-filter will have a wide-pass-band; i.e., with Q < 10. It has wide flat response over the range of




frequencies and bandwidth is large.

Sto Stop

band

= St i

Jr Ju Frequency

Narrow Band-Pass Filter:

A high Q-filter will have a narrow-pass-band; i.e., with Q > 10. It has a sharp bell type response, with high
gain and high selectivity.

L

fo = 2ir RO Ly
. — Je _ L
QHP - R0 3 .
«  Maximum Gain, 4, = ——2 = —20*

284



R, C,
T—M\——%—
3 X
R,
‘}' i | )
5

= I J. fy Frequency (Hz)
Applications of Band-Pass Filters (BPF):
o BPFs are also used in optics like Lasers, LIDARS, etc. o BPFs are extensively used in wireless

Bandwidth

Amplitude (dB)

Cemter Frequency

transmitters and receivers.

o BPFs are used in electronic devices like Sonar, Seismology; and medical applications like ECG,
and electrocardiograms.

o BPFs are extensively used for Audio signal processing, where a particular range of frequencies of
sound is required while removing the rest.

Band-Stop Filter (Band-Reject Filter):
Band-Stop Filer (BSF) is another type of frequency selective circuit that functions in exactly opposite to the

band-pass filter. BSF passes all frequencies with the exception of those within a specified stop band, which
are attenuated. If this stop band is very narrow and highly attenuated over a few hertz, then the band-stop
filter is referred as a notch filter.

Wide Band-Reject Filter:
The frequency response curve and the circuit diagram of a wide band-reject filter is given below.




'

i umming
l Low-pass | |

a2 Amplifier
]| |
f i

Design a basic wide-band, RC band st

op filter with a lower cut-off frequency of 200Hz and
a higher cut-off frequency of 800Hz.

Find the geometric center frequency, -3dB bandwidth
and Q of the circuit,
Given: £, = 200 Hz, f,, = 800 Hz
We have
I
= — M-
4 2xRC

The upper and lower cut-off

frequency points for a band stop
the same formula as that for both t

filter can be found using
he low and high pass filters.

Assuming a capacitor, C value for both filter sections of 0.1 uF, the values of the two
frequency determining resistors, R, and R, are calculated as follows.

Low Pass Filter Section
High Pass Filter Section .
fu = : = 800Hz and C = O.1uF
f.[_'—" ; szmﬂl and C=0.luF Z’IRHC
’ 2R K,
l —
1 ~Ry = =1990Q or 2kQ

“~Rp = = 7958Q or RkQ

22 x800x0.1x107°
2a%x200%0.1x107°



From this, we can calculate the geometric center frequency, - as:

fe = JfiXfa = 200x800 = 400 Hz
BW = f - f1 = 800-200 = 600 Hz

C 400
0=2C =28 - 067 0r -3.54B
BW 600
Narrow Band-Stop Filter (Notch Filter):
Notch filters are highly selective, high-Q form of band-stop filter, which can be used to reject a single or

very small band of frequencies. The most common notch filter design is the twin-T notch filter network

(shown below).

R R
, R, =R, = 2(R,)
WW—T—W ; e
[ | C,=C; = (05)C,
¢ ¢, ) '
1 i 2z

; ; : ]
’m R_\ -L("‘ , N = .fnuh;h R T
= 4r R; C;

—

A twin-T network offers very high reactance at the resonance frequency and very low reactance at frequency
off-resonance. In the circuit diagram, very low frequency signals find their way to the output via low-pass
filter (formed by R1 — Rz — Cs3); and very high frequency signals find their way to the output via high-pass
filter (formed by C; — C> — R3). Hence, in an intermediate band of frequencies, both filters pass signals to
the output; due to cancellation of +ve phase shift of high-pass filter with the —ve phase shift of the low-pass
filter.

A

gain

=

_~ Notch
e

—»
- Frequency
Frequency requinng

attenuation



Design a two op-amp narrow-band, RC notch filter with a center notch frequency, f, of
| kHz and a —3dB bandwidth of 100 Hz. Use 0.1 uF capacitors in your design and calculate
the expected notch depth in decibels.

Given: f,, = 1000 Hz, BW = 100 Hz and C = 0.1 uF.

| Calculate value of R for the given capacitance of 0.1 uF
1 1

2. Calculate value of Q

4x fyC  4xx1000x0.1x107° 0= Sy _ 1000 _ .5

BW 100

R = 795 Q or 800

3. Calculate value of feedback fraction & 4. Calculate the values of resistors R, and R,

K =1--t =1-—— = 0975 K = 0975 = R’i“k-
T 40 ax10 3+ Ry
Assume R, = 10 k£, then R, cquals:
in decibels, (dB) | 1
T R, =250 Q
o 10

Ira sy = 20 log (0.1) = -20 dB

NON LINEAR AMPLIFIER:
Non linearity is the behavior of a circuit, particularly an amplifier, in which the output signal strength do not

vary in direct proportion to the input signal strength. A non-linear amplifier in as circuit which gives non
linear relationship between its input and output signals.

The Non linear amplification can be achieved in a simple way by just connecting a non-linear device such
as PN-junction diode in the feedback path. In the circuit shown is the following Figure, large change in input
voltage causes small change in the output voltage. This circuit is a log amplifier, hence the output voltage
is logarithm of the input voltage.

o -V

,EF.
The above Figure shows a non-linear amplifier, where diode ‘D’ is used in negative feedback path. By virtual
ground concept; as node B is grounded, node A will be virtually grounded. Therefore, Va = 0.

since Va = 0.



Let It be the current through the diode. The voltage across diode is Va — Vo. Since, Va = 0, the voltage across
diode is —Vo.

Diode equation: —V, = yVyIn [:_‘]
Where, V1 — Voltage equivalent of Temperature
I+ — Diode forward current I -
Diode reverse saturation current.

Since, current through the Op-Amp is negligible;l = I

Vi
Therefore, lk=1I= T’

Gives, V, = yV;In f_:] = nV;ln [L"LI IR = Vet i @ constant.

The above equation shows that, the output voltage is a logarithmic function of input voltage.
Applications: Non-linear Amplifiers are used in AC bridge balance detectors.

RELAXATION OSCILLATOR:
Relaxation oscillator is a non-linear electronic oscillator circuit that generates a continuous non-sinusoidal

output signal in the form of rectangular wave, triangular wave or a saw-tooth wave. The time period of non-
sinusoidal output depends on the charging time of the capacitor connected in the oscillator circuit. The
relaxation oscillator basically contains a feedback loop that has a switching device in the form of transistor,
relays, operational amplifiers, comparators, or a tunnel diode that charges a capacitor through a resistance
till it reaches a threshold level then discharges it again. The following Figure shows the basic circuit of an
Op-Amp based relaxation oscillator.

R

oL B 74 N
L( \ VaxB / \/ \
/ ?(_. \T Ve e
R, -—l‘-— Vo —

Assume that, the output is initially in positive saturation. As a result, voltage at non-inverting input of

«—T —>»
gy =

OpAmp is +Vsar * R1 / (R1 + Ry). This force the output to stay in positive saturation as the capacitor C is
initially in fully discharged state. Capacitor C starts charging towards +Vsar through R. The moment the
capacitor voltage exceeds the voltage appearing at the non-inverting input, the output switches to —Vsar.

Now, the voltage appearing at the non-inverting input changes to —Vsar * R1 / (R1 + R2). The
capacitor starts discharging and after reaching zero, it begins to discharge towards —Vsar. Again, as soon as



it becomes more negative than the voltage appearing at the non-inverting input of the Op-Amp, the output
switches back to +Vsar.

The expression for the time period of the output rectangular waveform is given by; T = 2 R 1n {%}

In the above equation; the natural logarithm is used, which is logarithm to base e. By varying the value of
resistor R, the time period of the output waveform can be varied.

S is the feedback fraction/ factor and is given by = R1/(RI+R2)
When the output voltage Vo is at at +VSAT the feedback voltage is known as upper threshold voltage Vure
and is given by +Vsar X R1/ (R1+ R2)

When the output voltage Vo is at at —-VSAT the feedback voltage is known as lower threshold voltage Vite
and is given by —Vsar X R1/ (R1+ R2)

VOLTAGE TO CURRENT (VTO 1) CONVERTER:
In many applications, we have to convert a voltage to a proportionate current. These voltage-to-current

converter circuits can be of two types:

a) Voltage to Current Converter with Floating Load: The circuit is shown in the following
Figure, where Ry is the floating load.

- l‘—>‘
“é

Since, voltage at node A is Vi; VVi=II,.RR1 or, fj=—

i.e., input voltage V; is converted into and output current.

b) Voltage to Current Converter with Grounded Load: The circuit is shown in the following

Figure.




Vi —¥2
i

_ ¥

==

The load currentis givenby;  I.=11+ 1,
l'rlf-' _u:f il _I"-I? I'.IIII Ll Ilr'II'I_ 2¥;

Therefore, I, = - + F'H = .

For a non-inverting amplifier, we know that; 4. =1+ E: 2 5o Vy =2V
Vi + 2V — 214 _ ¥V
ErE— Or, 0y = m

Thus, the current I is proportionate to voltage.

I, =

Therefore, [, =

CURRENT TO VOLTAGE (C TO V) CONVERTER:
Consider the simple Op-Amp circuit to convert | to V, as shown in the following Figure.

R,

YWy

»/,

Since, current through the Op-Amp is negligible;ls = I
Vg — Wy
l.= Iy = R—r
By virtual ground concept; as node A is grounded, node B will be virtually grounded. Therefore, Vg = 0.
Therefore,
_h
: Ry
Thus, output is proportional to the input current Is, and the circuit works as | to V converter.
VOLTAGE REGULATORS
All electronic systems that we use daily, requires a stable power supply voltage source; and voltage

[.}T'_, V[] = flt; R

regulators accomplish that. Voltage regulator is a circuit that keeps the output voltage constant under all
operating conditions. Voltage regulation is the process of keeping a voltage steady under conditions of
changing applied voltage, changing load and temperature. There are two types of voltage regulators: shunt
and series.

Need for Requlators:

In ordinary power supplies, the voltage regulation is very poor. The DC output voltage changes appreciably
with change in load current. The output voltage also changes due to fluctuations in the input AC supply.
This is due the following reasons:

1. In practice, there are considerable fluctuations in line voltage caused by external factors. This
changes the DC output voltage. Most of the electronic circuits will refuse to work satisfactorily on
such output voltage fluctuations. Hence, regulated power supply is the solution.



2. The internal resistance of ordinary power supply is relatively large ( > 30 Q). Therefore, output
voltage is affected by the amount of load current drawn from the supply. These variations in DC
voltage may cause erratic operation of circuits. Without stable potentials, circuit performance
degrades and if the variations are large enough, the components may get destroyed. In order to avoid
this, regulated power supply is used.

Input to the voltage regulator is unregulated pulsating DC obtained from filter rectifier. Its output is constant
DC voltage which is almost ripple free. The following Figure shows block diagram of regulated power

supply.

[~ Regulated
b DC output

Input | Transformer »  Rectifier » Filter _| Regulator
(230 V, 50 Hz)

Y

A H
A

" A\7» " s ==
The transformer provides voltage transformation and electrical isolation between the input power supply
(AC mains) and the DC output. The rectifier circuit changes the AC voltage appearing across the transformer
secondary to DC (unidirectional output). The rectifier circuit always has some AC content known as ripple.
The filter circuit smoothens the ripple of the rectifier circuit. The regulator is a type of feedback circuit that
ensures that the output DC voltage does not change from its nominal value due to change in line voltage or

load current.

Factors Affecting the Load Voltage:
The variables affecting the load voltage in a power supply are given below:
1. Load current (I.): Ideally the output voltage should remain constant in-spite of changes in the load

current, but practically the power supply without regulator, the load voltage decreases as load
current, Iy, increases. For practical power supply regulator, the load voltage must be constant
through load to full load condition.

2. Line voltage: The input to the rectifier is AC (230 V) is the line voltage. This input decides the
output voltage level. If input changes, output also changes. So this affects the performance of power
supply. So ideally voltage must remain constant irrespective of any changes in the line voltage.

3. Temperature: In the power supply, the rectifier unit is used which uses PN-junction diode. As the
diode characteristics are temperature dependent, the overall performance of the power supply is

temperature dependent.

Performance Parameters of a Power Supply:
The power supply is judged by some parameters, called as performance parameters. These performance

parameters are explained below:



1. Line Regulation: If the input to the rectifier unit i.e. 230 V changes, the output DC of rectifier will
also change and since the output of rectifier is applied to the regulator, the output of regulator will
also vary. Thus the source causes the change in output. This is as source regulation or line
regulation. It is defined as the change in regulated DC output for a given change in input (line)
voltage. Ideally the source regulation should be zero and practically it should be as low as possible.

2. Load Regulation: Load regulation is defined as the change in the regulated output voltage when
load current is changed from zero (no load) to maximum value (full load). The load regulation
ideally should be zero, but practically it should be as small as possible. The following Figure shows

]-"-I-._u_ =

the load regulation characteristics. Percentage load regulation = [—] + 100

P




3. Voltage Stability factor (8,): Voltage stability factor shows the dependency of output voltage «
the input line voltage. Voltage stabifity factor is defined as the percentage change in the outp
voltage which occurs per volt change in input voltage, where load current and temperature a
assumed to be constant, Smaller the value of this factor, better is the performance of pow
supply.

4. Temperature Stability Factor (§): As in the chain of power supply we are using semiconduct
devices (diodes in rectifier block) the output voltage is temperature dependent. Thus tl
temperature stability of the power supply will be determined by temperature coefficients
various temperature sensitive semiconductor devices. So, it is better to choose the lo
temperature coefficient devices to keep output voltage constant and independent of temperatut
S, must be as small as possible, and ideally it should it should be zero for a power supply.

5. Ripple Rejection Factor (RR): The output of rectifier and filter consists of ripples. Ripp
rejection is defined as a factor which shows how effectively the regulator rejects the ripples a

attenuates it from input to output. As ripples in the output are small compared to input, the RE

Vigppog (OUTPLTY)
Viippig (INPUT)

Vappes (OUTPUT)
Varppee (INPUT)

very small and in dB, it is in negative value. Ripple rejection factor =

When expressed in decibels, ripple rejection equals 20 log dB

Vaippre (INPUT')

Also, Vyippye (output) = \+Loop Gain

Example: Two power supplies A and 8 are available in the market. Power supply A has no-load and fin
load voltages of 40 V and 30 V respectively; whereas these values are 30 V and 28 V for power supply .

Which one do vou think is better power supply?

Supply A: For =40V, Ve =30V
% Voltage regulation = [(¥y — Ve Vi ] *100 = [(40 — 30)/30]*100 = 33 %.
Supply B: Vg =30V, Fg =28V

% Voltage regulation = [{ ¥y — VeV 100 = [(30 — 28)/28%]* 100 = 7 %,
Conclusion: The power supply which has lower voltage regulation is better. Hence, power supply B

between than power supply 4.

Example: A regulated power supply operates from 2200+ 20 VAC. It produces a no-load regulat
output voltage of 24 + 0.5 VDC. Also, the regulated owtpat voltage falls from 24 VDC 1o 23.8 VDC as 1
load changes from no-load to full-load condition for the nominal value of input voltage. Determine |
line regulation and (h) load regulation.
Line regulation = (24.5 - 23.5)/24 = /24 =0.0417 = 4.17%
Load regulation = (24 — 23.8)/23.8 = (0,.2/23.8 = 0.0084 = (1.84%,
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Example: A regulated power supply provides a ripple rejection of —80dB. If the ripple voltage in the
unregulated input were 2V, determine the output ripple.

I'l"”“lllll. l;‘:II.II.III.I.I.

Ripple rejection in dB is given by; EDJU;;[ — ml,“.[.jjld& —-80dB
RIPFLE - .

Vigppre LOUTELT
Or IUQ, l :I:III'II;F:H .UN["“'" )JJ:
or |:1r"krpp|.'|: '.'_[]U'I'I’U'I'- }] =104
Vpiepre [TNEUT )
Therefore, output ripple =2 * 104V = 0.2mV

Example: The following Figure shows load voltage versus load current characteristics of a regulated power
supply. Determine the output impedance of the power supply.

24

|

n
@
0

Load
voltage (V)
-

[

—— . 10
Load current (A)

Output impedance is given by ratio of change in the output voltage for known change in the load current.
From the given characteristic curve, output impedance = (24 — 23.5)/((10 — 0) = 0.5/10 = 0.05Q = 50mQ.

Three-Terminal Regulators:
Three-terminal regulators require no external components. These are available in fixed output voltage

(positive and negative) as well as adjustable output voltage (positive and negative) types with current rating
100mA, 500mA, 1.5A and 3.0A.

o LM/MC 78XX-series and LM 140XX/340XX-series are the popular three-
terminal positive output voltage regulators. o LM/MC 79XX-series and LM

120XX/320XX-series are the popular three-terminal negative output voltage
regulators.

o LM 117/217/317 is common adjustable positive output voltage regulators. o
LM 137/237/337 is common adjustable negative output voltage regulators.

v A two-digit number in place of “XX” indicates the regulated output voltage.
The minimum unregulated input to regulated output differential voltage required for the regulator to produce
the intended regulated output voltage is known as dropout voltage. For example, consider a 5V regulator
with a 2V dropout voltage; for this to give a regulated output, the input voltage must be least equal to the



output voltage (5V) plus the dropout voltage (2V), which is 7V; any input below 7V will result into
unregulated voltage output.
The following Figures show the basic application circuits using LM/MC 78XX-series and Lm/MC

79XXseries three-terminal regulators.

LM/MC 78XX

LM/MC 78XX
9 © 1P OPt—e =S T *—1 /P Q{pi» el
CoM i | ____Ccom
vV, G | C=— v, Vi ==6 ! G== v,
|
- B —2 b » +d
i

Basic Application Circuits using Three-Terminal Regulators

Example: Refer three-terminal regulator circuit of following Figure. Determine (a) load current; (b)
current through LM 7812; (c) current through external transistor; (d) power dissipated in LM 7812. Take

VBE (Ql) =0.7V.

A N
)
\ : T : J
S .
‘ [ LM 7812
P VWW— 1P OP—4-¢
1Q | com | | T
V=15V | 503 V,
;>
- i B
—_ - — e - &<

() Load current = 12/5 = 2.4A

(b) Current through regulator = 0.7/1 = 0.7A

(c) Current through external transistor = 2.4 - 0.7 = 1.7A

(d) Voltage appearing at regulator input = 15 — 0.7 = 14.3V (e) Power dissipated in the regulator = (14.3 —

12) * 0.7 = 1.61W.

Adjustable Voltage Requlator:
An adjustable voltage regulator is a kind of regulator, whose regulated output voltage can be varied over a

range. There are positive adjustable voltage regulators and negative adjustable regulators in practice.
LM317 is a classic example of positive adjustable voltage regulator, whose output voltage can be varied
over a range of 1.2 VV to 57 V. LM337 is an example of negative adjustable voltage regulator. LM337 is




actually a compliment of LM317 which are similar in operation and design with the only difference being
polarity of regulated output voltage.

I LM 317 2
+ © IN ouT I Qe -
ADIJ 74
Vn T I out
i 3 R 1
1 LT
—
I
ADJ R-.,
Vot

Connection of LM317 Adjustable Voltage Regulator
The resistors R; and R, determine the output voltage Vou. The resistor R, can be adjusted to get the output
voltage in the range of 1.21 V to 57 V. The output voltage is given by;

Vout = Vr (1 + R2/R1) + laniR2

DTOA&ATODCONVERTERS
The digital system such as computers also need to communicate with physical processes and with people

through analog signals. So there is a need of digital to analog converters.

Analog
signal
Transducer Antialiasing Sample and ADC
Sensor filter Hold | 5
DSP/
Comparator
: Stair case signal
Smt(i)::::mg gn DAC ‘

Typical A/D and D/A Converter
Naturally available signal is analog in form, and may be obtained from sensor or transducer. This analog
signal is band limited by anti-aliasing filter. The signal is then sampled at a frequency rate, more than twice
the maximum frequency of the band limited signal. The sampled signal is held constant by hold circuit
while conversion is taking place. The discrete signal from the sample and hold circuit is fed to analog to
digital converter (ADC). The ADC gives digital output signal that can be easily processed, stored, or
transmitted by digital systems or computer system.



The digital signal is converted back to by digital to analog converter (DAC). The output of DAC is usually
stair-case waveform, which is passed through smoothing filter to reduce the quantization noise. The diagram
shown in the above Figure can be used in the applications such as digital signal processing, digital audio
mixing, music and video synthesis, data acquisition, pulse code modulation, and microprocessor
instrumentation.

BASIC DAC TECHNIQUES:
The DAC converts digital or binary data into its equivalent analog value. The symbolic representation of an
n-bit DAC is given below:

MSB
lr._.————’
Digital | .~ n-bit -—-—-»}[)—Analog output
inputs | =~ DAC
by
LSB
n-bit DAC

The DAC output can either be a voltage or current signal. For a voltage output DAC, the conversion
characteristic can be expressed by;

VVo=kkVVFrr(bb12-1+ bb22-2+ bb32-3 + ... bbii 2—ii)
Where, Vo — Output voltage
Ves — Full scale output voltage k — Scaling
factor (usually 1)

b1. . ., by — n-bit binary fractional word with decimal point located at the left
b1 — MSB with a weight = Vgs/2 bn — LSB with a weight = Vgs/2"

Performance Parameters of DAC:
1. Resolution: Resolution is the number of various analog output values that is provided by a DAC.
For n-bit DAC; Resolution = 2"

Resolution can also be defined as the ratio of change in output voltage resulting from a change of

LSB at the digital input. For n-bit DAC,; Resolution = Vors/2" — 1
Where, Vors — Full scale output voltage.

If we know the resolution, we can obtain input-output relation for DAC:
Vo = Resolution x b Where,
b — Decimal values of digital input.



For example, in a 4-bit system, using ladder, the LSB has a weight of ]i This means that, the
smallest increment in the output voltage is 1i of the input voltage. If we assume that, this 4-bit

system has input voltage levels of +16 V; (since has a weight of %) a change in LSB results in a
change of 1V in the output. Thus, the output voltage changes in steps of 1 V.

Hence, this converter can be used to represent analog voltages from 0 to +15 V in 1-V
increments. But, this converter cannot be used to resolve voltages into increments smaller than 1V.
If we desire to produce +4.2 V, using this converter, the actual output voltage would be +4.0 V.
This converter is not capable of distinguishing voltages finer than 1 V, which is the resolution of
the converter.

If we want to represent voltages to a finer resolution, we would have to use a converter
with more input bits. For example, the LSB of a 10-bit converter has a weight of 1/1024. If this

converter has a +10 V full-scale output, the resolution is approximately, +10 * % =10 mV.

Problem: What is the resolution of a 9-bit D/A converter which uses a ladder network? What is the
resolution expressed as a percentage? If the full-scale output voltage of this converter is +5 V, what
is resolution in volts?

Solution: The LSB in a 9-bit D/A converter has a weight of % Thus, this converter has a
resolution of 1 part in 512.

The resolution expressed in percentage is % * 100 percent = 0.2 %.

The voltage resolution is obtained by multiplying the weight of the LSB by the full-scale output
voltage. Thus, the resolution in volts is: % *5=10mV.

Problem: How many bits are required at the input of a converter, if it is necessary to resolve voltage
to 5 mV and the ladder has +10 V full-scale?

Solution: The LSB of an 11-bit D/A converter has a resolution of ﬁ This would provide a

resolution at the output of ﬁ *10=+5mV.

2. Accuracy: The accuracy of the D/A converter is primarily a function of the accuracy of the precision
resistors used in the ladder and the precision of the reference voltage supply used.

Accuracy is a measure of how close the actual output voltage is to the theoretical output value.



R-2R Ladder type DAC:
In R-2R ladder, only two values, R and 2R are used. The circuit diagram is given below:

e —

)
—— +
Each binary bit connects switch either to ground (non-inverting input) or to the inverting terminal of
OpAmp. Due to virtual ground, both the positions of the switches are at ground potential, and currents

through the resistances are constant.

The current flowing through each of 2R resistances;

f = ﬁ - = —!IIII;I':'HI-2 :E _— V;;f"‘]:': E j' — —VI;,!(EH — 1']
17 2R T 2R T 4R 7 "2R ~ BR " 2R
BUt, VVo= —IlffRRff= —RR(II1+ I+ ...+ 1100)
. I"'-R VR ""r.lr
i Vo= —R [ﬁbl + kb + L+l
OrVy = —LRi[b27 + ;272 + .t by27"]
IfRi=R; VW= —VVRRa)anZ_u + bbyy22-22+ .. + bbnnZZ—nnO

Advantages: (1) As it requires only two types of resistors, fabrication and accurate value of R-@R can
be designed.

(2) Node voltage remains constant, and hence, slow down effect can be avoided.

The digital input for a 4 bit DAC 15 D 0111. Calculate its output voltage take
Vs =15 V.
V 15 ?
Resolution = "—H = o7 I V/LSB

V. = Resolution x [D

~

D = Decimal values (0111) =7

= e = AV

LSB

"'“ = 7\‘.
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A 8 bit DAC having resolution of 22mv/LSB. Calculate Vg and output if the input is
(10000000),.

Given: resolution = 22 mV, Input = (1000000),

Resolution =

D = equivalent of (10000000), = 128
V,=22x10°x 128=28 V.

Calculate output voltage produced by DAC, when output range is between 0 and
10 V for input binary number.

a) 10 (2 bit DAC ) b) 0011

a)  From equation (9-7) we can write,

1 1
V, =10V] IXx—=+4+0x— | =5V

b)  From equation (9-7) we can write,

v, = IOV[OX—;—+0xl+Ix—l-+Ix-LJ

4 8 16
= 1.875 volts.
Calculate the values of the LSB and full scale output for 4 bit DAC for 0 to 10 V range.
We have,

TR A

3% 16
For 10 V range,
LSB = 49V, = 625mV
16
and

MSB = [%JFullscalc

1
= —x10 =5V
2

Full scale output = Full scale voltage — 1 LSB

=10 -625mV =9375 V



A-D CONVERTERS:
ADC takes the analog signal as input and converts into digital output. The functional diagram of DAC is

given below:

Start EOC
Y ¢ i
>\ MSB
A by ’
R S
Analog input] : |
—_— D ' | * &
y 3 ' Digital
w C 1 output
hn :

T } reference

ADC is provided with two control inputs start (input to initiate the conversion) and end of conversion
(output to indicate the end of conversion). Direct type ADCs and Integrated type ADCs are the two types of
ADCs available.

Flash (Comparator/ Parallel) type ADC:
A simple, fast, but most expensive conversion technique.
A 2-bit Flash ADC:

Ve oV, (unulog input)
R :
X
i) ]
: {
R
% ¢ v, MSB
PL { . ‘ pres—
4 )
R 4-line 1o
2dine
I X priority >V,
T £ encoder LSB
R 1_
\ X n
ov /

I, = ¥V, (previous value)



Analog input voltage (V,) | X, X, X, X, |Y, Y,
0t Vr 0o 0 0 1|0 0O
4
Vi o 2Va 0 ~ Gt =
4 4
2Va  3Ve e A e M LR
4 -4
&mv” o i Tl L
4
A 3-bit Flash ADC:
r-r,m.m.nm.-a
-
=" »
- . -
I ‘) = .
.b
S
P / ‘ Logic output (X)
Tr’ \ = x-‘
s X=0
-
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-;r, { :
e
" ) w3 )
s ¥ » Lse | e——
/ Prsaciay
::' encoder = |,
- LS89
. I'
¥ t
<
-:k
-
+ .
3=
=
<"
X,
4%
=
-k =
- J u
LAY =
)
Analog
P

The resistive network is to set to equal reference voltages at each node. The comparactor compares set
reference value at inverting terminal of Op-Amp with analog output at non-inverting terminal. The

truthtable for ADC is given below:



Input voltage (V,) Xy | % | %5 Xy | % | X4 | %o |Ya | Ve | Yo
o|o |oO o |o (o |1 |]Oo |O |O
0 to !8'—
0 0 o (1) 0 1 1 o o 17
Va o Va
8 a
1 |o |1 |o
Vo o, 3a oo |o o |1 |1
4 8
9 F<FY Py [0 ey
3V ¢ V0 el
2
1 |1 o |o
Va SVa o 10 9 \ ) ;
—-— to -——
2
1 1 1 |0 |1
S5V 3Va o |o ) - :
= =
: 1 1 1 1 1 0
VA ¢ 2N o il :
' ]
1 1 1 1 1 1 1 1 1
?Y-'- 10 Vo !
L}
Advantages:
1. High speed Disadvantages:
1. Number of comparators required is almost double for each added bit
Eg.:  For 2-bit ADC; No. of Comparators = 4 (22)
For 3-bit ADC; No. of Comparators = 8 (2°)
Successive Approximation type ADC:
The following Figure shows successive approximation ADC.
e Seri] datn OUTPUL
4-bit
Successive Approximation Register L SC{Start conversion)
(SAR)
CO(Conversion complete)
Latch coable d
MSB
o] o] & ’s
— . l
» dbit — ‘Dlpml
» LATCH f——wd, .ouput
_—L.d, /
LSB
B, B8 B §

4-bit DAC




Figure shows a successive approximation register (SAR), the output of which is connected to DAC and
output latch circuit. The input signal (Vin) is compared with the analog output signal (Va) of the DAC. Output
of the comparator is feedback into SAR. The control logic inside SAR adjusts its digital output; until it is
equal to the analog input signal. The operation could be understood by the code tree given below.

At the start of conversion cycle, start conversion terminal is made high. On the first clock pulse, the output
of the SAR is made 1000. The DAC produces an analog voltage (Va) proportional to 1000. This analog
voltage is compared with input analog signal (Vin).

If Vin > V,, the comparator output will be high and SAR keeps Q3 high. On the other hand, if Vin < Va, then
the comparator output becomes low and SAR resets Q3 to low. If Vi, > Va, SAR follows the upward path
in code tree and if Vi, < V4, SAR follows downward path.

I111 1111

1110 ) 1 11)

41101

A 1101

1100 ——a 100

A 1011 1011

e 30310

011
2010 Pr———.l 00}

1001
1000 ——91 000

40111

0111

re—()] 1)

V.« l. ( 0110

(110

V.<V 0101

U100
Vo> 0011

0010 ——)()) ]

0001 v
e )0

The conversion time for n-bit successive approximation ADC is (n + 2) clock periods.

Advantages:
1. Considerably good speed

2. Good resolution.
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Question Bank:

Explain the working of construction and working of Astable multivibrator using 555 timer IC
Explain the working of Photodiode with necessary circuit diagram.
Explain the construction and working of Relaxation oscillator.

Explain the working of R2R DAC with necessary circuit diagram & derivations.

Explain the construction, working principles and characteristics of photodiodes.

Explain the construction, working principles and applications of light emitting diode (LED).
Explain peak detector circuit with a neat waveform.

With a neat diagram explain R-2R ladder network DAC.

Explain the operation of successive approximation ADC using simplified block diagram.

Explain peak detector circuit with a neat waveform.
Explain Astable multivibrator with neat circuit diagram and waveform.

University Questions:

1)a. Explain the construction, workmg dnd“¢haracteristics of photo.diode. (06 Marks)

b. With hysteresis characteristics e)(plam ‘the working of Schmltt ffigger circuit (Inverting). ,
(06 Marks

¢.  With a neat circuit dlagramaﬁd »mathematical analysis explam voltage divider bias circuit.
(08 Marks)

2)a. Explain the workmg of R“2R ladder D to A convertér. (06 Marks)
b. Explain successive. approx1mat10n A to D converter, . (06 Marks)
c. Show how IC- 555 tlmcr can be used as an; astable multivibrator. (08 Marks)



3)a.

With a neat diagram, explain the working principle of photocoupler. (08 Marks)
List the different types of BJT biasing. Derive the expression for collector emitter voltage
(Vce) for fixed bias cireuit: (08 Marks)
Write a note on light emitting diode. (04 Marks)

Explain with ne,at"'ﬂiagram, the construction, working principle and characteristics equation

of photodiode. : (08 Marks)

With a neat waveform and circuit diagram, explain the working of monostable multivibrator.
& o, ;

¥ (06 Marks)

Explain-with neat diagram R-2R ladder type DAC and derive the expression for V.
% (06 Marks)



ANALOG AND DIGITAL ELECTRONICS

MODULE —2
THE COMBINATIONAL LOGIC CIRCUITS
THE BASIC GATES

PREREQUISITES:

Electronic circuits and systems can be divided into two broad categories — analog and digital. Analog
circuits are designed for use with small signals and are used in a linear fashion. Digital circuits are generally
used with large signals and are considered nonlinear. Any quantity that changes with time canbe
represented as an analog signal or it can be treated as digital signal.

Digital electronics involves circuits that have exactly two possible states. A system having only
two states is said to be binary. The binary number system is widely used in digital electronics.

Hexa-Decimal | Decimal Binary Hexa-Decimal | Decimal Binary
0 0 0000 8 8 1000
1 1 0001 9 9 1001
2 2 0010 A 10 1010
3 3 0011 B 11 1011
4 4 0100 C 12 1100
5 5 0101 D 13 1101
6 6 0110 E 14 1110
7 7 0111 F 15 1111

The operation of electronic circuits can be described in terms of its voltage levels — high (H) level and low
(L) level. This could be related to the binary number system by assigningL=0=F (false)andH=1=T
(true).

f— T —=

—ityfe— 1 —

] 0 1.

!

t
i~
1
N
'

Symmetrical Signal & Asymmetrical Signal

The frequency is definedas, f=1/T  where, T is the period of the signal.

Duty Cycle is a convenient measure of how symmetrical or how unsymmetrical a waveform is.
TOT!

TUOOO 0

Duty Cycle =Tt Duty Cycle,H = Duty Cycle, L =
TDTl + TODDDO Ton + TOOOOO T()?l + TGGGDD



ANALOG AND DIGITAL ELECTRONICS

REVIEW OF L | ATES:
o Truth Table )
Circuit Symbol VHDL IC Details
A B X
Vlfl:
NOT Gate: 0 - 1
X=~A
A X
’ - X<=notA;
XX=A 1y -0
OR Gate: 0 0 0
A x| o] 11 X=A|B
B:’ 1 0 1 X<=AorB;
XX=A+B 111
AND Gate: 0 0 0 2
A X 0 1 0 X=A&B F
:. 1 oo X <= A and B; =M [:D,—l
B o1 Lll L T L]
XX =AB 1 1 1 Quad 2 Input AND Gate """
NOR Gate: 0 0 1 A S O R A ¢
A x | 0 [ 1[0 X =~(A|B) L 2] Lea |
7402
:D 1 0 0 X <= A nor B; | gl <t
B _ 1 F 1[—] T
= A% 1 1 0 " QuUAD 2 In Put NOR GATE
NAND Gate: 0 0 1 o 1B e 2 B £ M
A x | O 1 1 X =~(A &B)
B . 1 0 1 X <= A nand B;
LT T T Tl Tad Tel 17
W= A+ » 1 1 0 QUAD 2 INPUT NAND GATE
XOR Gate: 0 0 0
A
'B\ X 0 1 1 X=A"B
B 1 0 1 X <= A xor B;
XX= A®B
—AB+ A 1 1 0 Quad 2 Input Ex-OR Gate""”
XNOR Gate O 0 1 “w v;(|s| z] ||| |o| '11 BI
A : 0| 1] o0 l—dE—'
) e X X =~(A"B)
< W 7466
B 1 0 0 X <= A xnor B; P
XX= A@B m)_?]
= AR+ AB ! . ! T o o a o d g
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ersality of NOR Gate:

X=(A+A) = A
A ~|I..7 E— A4>37

INYERTER

| j—m_

Universality of NAND Gate:

:}{_

A . =(ATA) = A —_ .

INVERTER

’;‘ (AB) - }{:a 2} .
— }

(AB') = A+B

A=

Bubbled AND Gate:

A

— > e Y
- T - B

Bubbled AND gate and NOR gate are equivalent

De Morgan’s First Theorem:
The complement of a sum equals the product of the complements. 96000 1. 9

e
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Proof:
A|B|A+B | 00| 1 | | 4®
0] 0 0 1 1 1 1 A+E AE
01 1 0 1 0 0 A - &
1o 1 0 0 | 1 0 H:D—DO_' — ﬂ:&}
111 1 0 0 0 0
NOR Gate Bubbled AND Gate
Bubbled OR Gate:
Xl 1
s ro !

Bubbled OR gate and NAND gate are equivalent

De Morgan’s Second Theorem:

The complement of a sum equals the product of the complements. W= 11+ ©
Proof:

A[B] AB & | 1| | A+ @

0|0 0 1 1 1 1 5 EE
0|1 0 1 1 0 1 A A

1o o 1 0|1 1 .,:D'D°-' =

111 1 0 0 0 0

NAND Gate Bubbled OR Gate

Duality Theorem: Starting with a Boolean relation, you can derive another Boolean relation by —

1. Changing each OR sign to an AND sign

2. Changing each AND sign to an OR sign

3. Complementing any 0 or lappearing in the expression.

Example:

1. We say that, A+0 = A; the dual is, A.1=A

2. Consider,

A(B+C)=AB + AC

By changing the OR and AND operation, we get the dual relation:

Laws of Boolean Algebra:

A+ BC = (A+B)(A+C)

v The following laws are of immense use in the simplification of Boolean expressions.
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v Note that, if A is a variable, then either A=0or A =1. Also, when A=0, A#1;
and when A=1, A#0.

De Morgan’s First Theorem:-

The complement of sum is equal to the product of the complements.

(A+ByY=A".B’ i.e., a bubbled AND gate & a NOR gate are equivalent.
De Morgan’s Second Theorem:-

The complement of a product is equal to the sum of the compliments.
(A.BYy=A"+B’ i.e., a bubbled OR gate & a NAND gate are equivalent.

1) Commutative Law:-

A+B=B+A and A.B=B.A
2) Associative Law:-
A+(B+C)=(A+B)+C and A.(BC)=(AB).C

3) Distributive Law:-
A(B+C)=AB+AC

4) In relation to OR operation, the following laws hold good:-
A+0=A
A+A=A
A+1=1and
A+A =1
5) In relation to AND operation, the following laws hold good:-
A.1=A
A. A=A
A.0=0
A.A=0
A=A

6) Some more useful Boolean relations:-
A+AB=A
A+A’'B=A+B
AA+B)=A
A (A’ +B)=AB
A+(B.C)=(A+B)(A+QC)
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Simplification of Boolean Expressions:-

The following hints are found to be of use, in reducing complex Boolean expressions —
If there are parentheses present in the given expression, they are removed first; since,
multiplication should precede addition.
E.g.-AB+C(A+B)=AB+AC+BC
If there are several identical terms, all except one can be removed.
Eg:-A+B+C+A.1=A+B+C+A=A+B+C
If a variable repeats in a term, only one variable may be retained.
Eg.-A. A=A
B.B.C=BC
If in any term, both a variable & its complement are present, that term may be removed; since,
AA’=0.
Eg:-XX’Y=0.Y=0
Identify pairs of terms which contains same variables. If in a pair, a variable is absent in one term,
it can be removed.
E.g..-ABCD + ABC=ABC (D +1)
=ABC.1 since, 1+ D =1
= ABC
If, in a pair of terms, several variables are common, and another variable is present in one term &
its complement is present in another term, this variable & its complement can be removed.
E.g.-ABC+A’BC=BC (A’ + A)
=BC.1 since, A+ A=1
=BC

KARNAUGH MAPS

MINIMUM FORMS OF SWITCHING FUNCTIONS:
When a function is realized using AND and OR gates, the cost of realizing the function is directly related

to the number of gates and gate inputs used. The Karnaugh map techniques developed, lead directly to

minimum cost two-level circuits composed of AND and OR gates. An expression consisting of a sum-of-

product terms corresponds directly to a two-level circuit composed of a group of AND gates feeding a

single OR gate (see the following Figure). Similarly, a product-of-sums expression corresponds to a two-

level circuit composed of OR gates feeding a single AND gate.

Therefore, to find minimum cost two-level AND-OR gate circuits, we must find minimum expressions in

sum-of-products or product-of-sums form.
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A minimum sum-of-products expression for a function is defined as a sum of product terms which
a) has a minimum number of terms and
b) of all those expressions which have the same minimum number of terms, has a minimum number
of literals.
The minimum sum of products corresponds directly to a minimum two-level gate circuit which has
a) a minimum number of gates and
b) aminimum number of gate inputs.
Unlike the minterm expansion for a function, the minimum sum of products is not necessarily unique; that
is, a given function may have two different minimum sum-of-products forms, each with the same number
of terms and the same number of literals.
Given a minterm expansion, the minimum sum-of products form can often be obtained by the following
procedure:
1. Combine terms by using XfY" + XY = I¥(Y" +Y) = Ik. Do this repeatedly to eliminate as many
literals as possible. A given term may be used more than once because X+X=X.

2. Eliminate redundant terms by using the theorems of Boolean Algebra.

Find a minimum sum-of-products expression for
Example

Fla,b,c) =2m(0,1.2,5.6,7)

‘= a'b’'c" + a'b'c + a'bc' + ab'c + abc' + abc

\- — S o

= a'b + b'c + bc' T ab

None of the terms in the above expression can be eliminated by consensus. However,
combining terms in a different way leads directly to a minimum sum of products:

F= ab'c" + a'/b'c + alpe’ + (113_'c + abc' + abc

= a'b’ - bc + ac
A minimum product-of-sums expression for a function is defined as a product of sum terms which
a) hasa minimum number of factors, and
b) of all those expressions which have the same number of factors, has a minimum number of literals.
Unlike the maxterm expansion, the minimum product-of-sums form of a function is not necessarily unique.
Given a maxterm expansion, the minimum product of sums can often be obtained by a procedure similar to

that used in the minimum sum-of-products case, except that the theorem (XX + Y )(XX + Y) = XX is used to
combine terms.



ANALOG AND DIGITAL ELECTRONICS

1]
Example
(A+B +CH+DYA+B +C+D)YA+B +C +D)A" +B' +C' + DA+ B+ C +D)A' +B+C +D)
_ A+ B +D) AFTB+C) (BFC+D) _(ﬁ-‘?/c" + D)
= (A+ B +D') (A + B +C) (CF D)
. $———— eliminate by consensus
= (A + B" + D')C" + D)
Y — Fundamental Min-
A|lB|C A | B| C| Y-Fundamental Sum | Max-term
Product term
0(0]0]0 mO0 0 | 0J]0|0-A+B+C MO
0j0|1]0 ml 0 |0|1]|0-A+B+C M1
0|]1|0]0 m2 0 |1|0|0-A+B+tC M2
0O|1(1|1-4BC m3 0 |1]1]1 M3
170|010 m4 1 10|]0|0-4+B+C M4
110|1]|1-4F m5 1 10|11 M5
1/1(0|1-4BC m6 1 11011 M6
1[1[1-4BC m7 1 [1]1]1 M7
Ysop = ABC + AR + ABC + ABC Yros=(A+B+C)(A+ B+ C) (A+ B+ C)(A+ B+ ()
=ym(1,2,4,7). =[IM(0, 1, 2, 4).
BCin ) BCi
AN\_00 01 11 10 P W AR .
S =1 ———
olo o |1} o oflfpl] [ of| + [[* |
1] o {1 [{1i] 1) 1]]o , 1 ;

YSOP = AB + BC +AC
SOP Circuit Diagram:

A B -

No. of Gates = 4
No. of Gate Inputs =9

POS Circuit Diagram:

(A+BB+C)(A+C)

=t _J

Or Ow wr
oe)
+
'

No. of Gates =4
No. of Gate Inputs =9
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Example: Adders & Subtractors

Adder circuit is a combinational digital circuit that is used for adding two numbers. A typical adder circuit
produces a sum bit (denoted by S) and a carry bit (denoted by C) as the output. Adder circuits are of two
types: Half adder ad Full adder.

Subtractor is the one which used to subtract two binary numbers (digits) and provides Difference and
Borrow as an output.

Half Adder & Half Subtractor:

Inputs Outputs
A — —S A e8|l s |c A XOR
1 bi j")} S
half adder o ojo: (0o B —
B — —C 0 1 |1 0
AND
Schematic s o S C
1 110 1 Realization
Truth table
Sum,S = AB + AB Carry,C = AB
A R s D=A_B A B D Bo
Half 0 0 0 0
Subtractor 0 1 1 1
B— — Bo
1 0 1 0
1 1 0 0
o T \) D=A-B
B /.
D,
DDDooooerence, D = AB + AB Borrow, B, = AB
Full Adder & Full Subtractor:

A B Ci S Co A B Ci D Bo
0 0 0 0 0 0 0 0 0 0
0 0 1 1 0 0 0 1 1 1
0 1 0 1 0 0 1 0 1 1
0 1 1 0 1 0 1 1 0 1
1 0 0 1 0 1 0 0 1 0
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1 0 1 0 1 1 0 1 0 0
1 1 0 0 1 1 1 0 0 0
1 1 1 1 1 1 1 1 1 1

sum, S=Sm (1,2, 4 7) = [[M(0, 3, 5, 6).
Sum,S = AE + ABC + AE + ABC

or,S = C(AB + AB+ C(AB+ AB)
or,S = C(A®B) + C(AQ B)

0r,S = C(A®B) + C(AD B)

Thereooore,S=A@D B P C

Carry Out, Co=Ym (3,5, 6, 7) = [[M(0, 1, 2, 4).

Carry Out,Co = ABC + AE + ABC + ABC
Or,Co = C(AB) + C(AB + AB+ AB)
Thereooore,Co = AB + BC + AC

AB Cin Cin

AB 1

Cout
Cin

Difference, D =Ym (1, 2,4, 7) = [[M(0, 3, 5, 6).
Do, D = AR + ABC + AK + ABC
Or,D = C(AB + AB- C(AB+ AB)
or,D = C(A®B) + C(A O B)
Or,D = C(A®B) + C(A®B)

Thereooore,D =A@ B D C

Borrow, Bo=Ym (1, 2,3,7) = [[M(0, 4, 5, 6).
Borrow,Bo = AE + ABC + ABC + ABC
Or,Bo = C(AB) + C(AB+ AB + AB)
Thereooore,Bo = 8B + BC + &

Difference

Cin —_—

AB Cin Cin
AB 1
AB 1
AB 1
AB 1

Borrow G
in

AB C_m Cin
AB 1
AB 1 1 ]l
AB 1
AB
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TWO AND THREE VARIABLE KARNAUGH MAPS:
Just like a truth table, the Karnaugh map of a function specifies the value of the function for every
combination of values of the independent variables. The following Figure shows the truth table for a

function F and the corresponding Karnaugh map:

A B [1 /\ /‘
B\ .0 | B\, 0 | B\
1|0 o 1] 0 0 1| 0
AR AB +AB=A" "
1l 1|0 | . ! l 1 | 0
(a) A'B—
F=A'B"+A'B F=A"
(b) (c) (d)
The following Figure shows a three-variable truth table and the corresponding Karnaugh map:
& g c c
be 0 ' v, - be J Q 0 | ah 0
000 | 100 oo | 4 00| 000 | 001 oo| o | 1
001 | 101 00 is orf 1 5 01| 010 | 011 Z |3
I, jacent
011==111 | 1o 110 3 7 110 | 111 Lo 7
4 | .
¥
010 110 0 2 b 0 1M 101 0 4 S
(a) Binary notation (b) Decimal notation () Binary notation (d)) Decimal notation
Example: Write the Karnaugh Map for—(a) f=Ym (1, 3,5)  (b) oo(a,b,c) = abc + b'c+a
(c)F=Ym(0,1,2,5,6,7)
Solution: (@) f=Ym (1,3,5) (b) oo(a,b,c) = abc' + b'c+d (©)F=Ym(0,1,2,5,6,7)



@
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. The term b’c is | when bc =01, so we place l's}
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. The termabc’ is | whena =1 and be = 10, so

we place a | in the square which corresponds
to the a = | column and the be = 10 row of the
map. 01

in both squares of the bc = 01 row of the map.

. Theterma’is | when a =0, so we place I's in I

all the squares of the a = 0 column of the map.
(Note: Since there already is a | in the abc =
001 square, we do not have to place a second
I there because x+ x=1x.)

®)

be

a a
be ]
"/1 00 1
\l ‘ 1 | 1 1
]\ 1 | 1)
ol oaW
F=a'b'+bc’ +ac F=a'c'+b'c+ab

©

Example: Find two different minimum sum-of-products expressions for the function G = Ym (0, 2, 3, 4, 5,

7).

Solution: Given, G=Ym (0, 2, 3,4, 5, 7);

a a
be 0 be 0
ool 1 i ool 1 1
01 1 01 1
11 1 1 11 1 1
10 1 10 1
(: (s

FOUR-VARIABLE KARNAUGH MAPS:

The following Figure shows the location of minterms on a four-variable map & plot of four-variable

expression oo(a, b, c,d) = acd + a'b + d’' on a Karnaugh map:

o

o)

/) ab
cd 4 12 8
cd 5 13 9
7 15 11
cd
6 14 10

Ql

J

Example: Write the Karnaugh map for (a) oo = x'z° + wxy + x'y

r=

r=

<

0 )

J

00 01 11
00
01
11
\10
f(ab,cd)=

()Y = AE + ABC + AE + ABC
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Solution:
f W W WX w \ /Y 0 ! \
¥ 00
¥ 01
yz 11
N ——
f(w,X,Yy,2)= Y (A B,C)=

Example: Write the Karnaugh map for (a) fl==Ym (3,4,5,6, 7,9, 12,13); (b)f2==>m (2, 3,5, 7,
8, 10, 11, 15).
Solution: (a) Given,fl==>m (3,4,5,6,7,9,12,13) &f2==>Ym (2, 3,5, 7, 8, 10, 11, 15);

ab akr

cd A ! i cd u

DETERMINATION E__MINIMUM EXPRESSION IN ESSENTIAL  PRIME
IMPLICANTS:

Any single 1 or any group of 1’s which can be combined together on a map of the function F represents a
product term which is called an implicant of F. Several implicants of F MAY BE POSSIBLE. A product

term implicant is called a prime implicant if it cannot be combined with another term to eliminate a variable.

The following Figure shows the flowchart for determining a Minimum Sum of Products using a Karnaugh

Map with an Example.
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\ Y

Choose a 1 which has
not been covered.
A . . .
i Minimum solution: F=a’b’d + be” + ac
le(! all f{aﬂm All prime implicants: a’b’d, bc’. ac. a'c'd. ab. b'cd
s and X's.
ab
cd 0 1} |1 10
. £ l ; /i*\
L))
Are the chosen el 1 :
1 and its adjacent I's >N
and X's covered by a 01 'f/;ﬁ 7| l\j (11
single term” S = —
d® ot
1= I; | |
10 IR R
That term is an essential k\L_/ bied
prme implicant. Loop it.

)

uncovered 1's

checked?

Note: All essential prime

e { implicants have been

YES |~ determined at this point.

L
\

Find o minimum set of prime
implicants which cover the
remaining 1's on the map.

STOP

1. Choose a minterm (a 1) which has not yet been covered.

2. Find all 1’s and X’s adjacent to that minterm (Check the n adjacent squares on an n-variable map.

3. Ifasingle term covers the minterm and all of the adjacent 1°s and X’s, then that term is an essential
prime implicant, so select that term. (Note that don’t-care terms are treated like 1°s in steps 2 and
3 butnotin step 1.)

4. Repeat steps 1, 2, and 3 until all essential prime implicants have been chosen.
Find a minimum set of prime implicants which cover the remaining 1’s on the map. (If there is

more than one such set, choose a set with a minimum number of literals.)
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Pairs: The following K-map contains a pair of 1s that are horizontally adjacent. Two adjacent 1s, such as

these are called a pair. A pair eliminates one variable and its complement.

b 0 The sum-of-product equation is:
Y = ABCD + ABCD' = ABC(D + D') = ABC
CD 0
0
CD
0

Quad: A quad is a group of four 1s that are horizontally or vertically adjacent. A quad eliminates two

variables and their complements.

Y
/ AB  AB  AB.. AB \

0 0 N 0 The sum-of-product equation is:
ch - Y = ABC' + ABC = AB(C + C') = AB
0 0 -1 0
CD
0 0 ! 0
D 0 0 |[T1-] o
N -

The Octet: The octet is a group of eight 1s, as shown in the following Fig. An octet eliminates three

variables and their complements.

<
|
vy
>
W
>
oo

AB

b 0 I e The sum-of-product equation is:
| | BN | |

o Y=AB+AB' = A(B+B') = A
cD 0 0 ||l alala
| | BN | |
0 o [/ 1als 13
D = alm o=
0 o [[x15ls 13

(s
\_
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A pair eliminates one variable and its complement. A quad eliminates two variables and their complements.
An octet eliminates three variables and their complements. Because of this, after drawing the K-map, first
encircle the octets, then the quads, and finally the pairs, to get highest simplification.

Example: Using K-map, simplify; Y =>m (1, 2,3, 6, 8, 9, 10, 12, 13, 14).

ch 0 0 1 1
2\
oD {1\ 0 1 1
’
\}/
CD

Overlapping Groups: Always overlap groups.

/Yl AB AB  AB  AB \ 6 AB AB AB  AB \

ch [ 0O 0] 0] 0 b [0 T o T o
CD 0 @ 0 | 0 oo | 0 !’1\\ 0 | 0
o 1 1 | 1 | 1 . - \1 —
\c@ 1 1 | 1 | 1 4J \C T 1T 1 J
Y1l= Y2 =

Rolling the Map:

/\(3 AB AB AB AB \ fwr AB AB AB AB \

ch 0 0 ch 0 0 0 0 4
Pa N\ \ /
D {1\ 0 0 {1\ D 1\ 0 0 1
VAREEEIG BRI
CD CcD

0 0 0 0 ¥ ) 0 0 0 N

N NG /




ng and Overlapping:
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(o

ﬁl AB  AB  AB A_B\ AB 4B
) 1V oo 1ty 0|0
co ~ %
¢ 1 | o
1 0
CD
(D |1 1 o (¢
1 0 1 / \
CD
T 0 CD A A 1 0 \\
\? " NZIN J %
Y1l= Y2=
iB AB AB Al Y4 AB AB AB  AB YS 4iB  AB AB Al
- 1 1 0 1 = =
cH ( \ col TN\ 1 0 //1 CROI="T 71 0
1 1 0 1 1 1 0\ 1
CD U CD CD 1 1 0 1
1 1 0 0 1 1 0 0N\
CD CD | - cD 1 1 0 0
1 1 0 1% 1 0 1| — g
A\ "4 ¢ ;_)
Y3= Y4 = Y5 =
Eliminating Redundant Groups: After encircling groups, eliminate any redundant groups. This is a
group whose 1s are already used by other groups.
iB AB AB AB Y AB AB AB AB Y iB iB B
o] 0 L o 1 { ‘1‘5
ch ch| O] O[] O o1 1 |\ |0
_ g
1 1 1 0 1 1 0 Y S Nl Bl
CD CD U o [Nl ¥ | 1 |1
PN b .
0 1 1 1 0 1 1 T : e P
cD D L cp| 91 (1 pNEY
0 1 0 0 0 0 P« . «xwwf
co . 4 co
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Homework:

1] Determine the minimum sum-of-products for —

a)fl(a,b,c)=>(1 34 56,7

b) f2(a, b,c)=11(2,4,7)

c) 3, b,c,d=bcd + bcd+acd +a'b'c+a'bc'd
2] Determine the minimum product-of-sums for —

a)fl(a,b,c)=>(0,1,23,4,6,7)

b) f2(a, b,c)=11(1,4,5)

c) f83(, b,c,d=bcd + bcd+acd +a'b'c+a'bc'd
3] Solve for the simplified Boolean expression using K-Map:

a) wl(a,b,c,d)="ad+ ad+ bd+ ak + d&d

b) 02 (a,b,c,d) =@+ b+ dgge+ b+ dén + bt ¢+ deget b+ ¢+ d€la+ b+ ¢+

d)
4] Find the minimum sum-of-products for —
(@ fl(a,b,c)=m0+m2+m5+m6 (b)f2(d, e, f)=Ym (0, 1, 2, 4)
©)f3(r,s,t)y=rt +r's +1r's) (d) f4 (x,y,z) = MO . M5

5] Design a 3-input, 1-output, minimal two-level gate combinational circuit; which has an output equal to
1 when majority of its inputs are at logic 1, and has output 0 when majority of inputs are at logic 0.

6] Design a minimal sum and minimal product combinational gate circuit to generate the odd parity bit
for an 8421 BCD code.

QUINE McCLUSKEY (OM) METHOD

The Karnaugh map method is an effective way to simplify switching functions which have a small number
of variables. When the number of variables is large or if several functions must be simplified, the use of a
digital computer is desirable.

The Quine-McCluskey method provides a systematic simplification procedure which can be readily
programmed for a digital computer. The Quine-McCluskey method reduces the minterm expansion

(standard sum-of-products form) of a function to obtain a minimum sum of products.

DETERMINATION OF PRIME IMPL ICANTS:
v In order to apply the Quine-McCluskey method to determine a minimum sum-of-products
expression for a function, the function must be given as a sum of minterms.
v In the first part of the Quine-McCluskey method, all of the prime implicants of a function are

systematically formed by combining minterms.
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v" Two minterms will combine if they differ in exactly one variable. The examples given below

show both the binary notation and its algebraic equivalent.

AB'CD' + AB'CD = AB'C
1010+1011=101 - (the dash indicates a missing variable)

X Y X Y X

A'BC'D + A'BCD" (will not combine)
0101+01T10 (will not combine)

v"In order to find all of the prime implicants, all possible pairs of minterms should be compared and
combined whenever possible. To reduce the required number of comparisons, the binary minterms
are sorted into groups according to the number of 1’s in each term.
Now, function; f(a, b, ¢, d) = Ym (0, 1, 2, 5, 6, 7, 8, 9, 10, 14) can be represented by following list of
minterms:

group 0 0 0000

v In this list, the term in group 0 has zero 1’s, the terms in 1 0001

_ , groupl ¢ 2 0010

group 1 have one 1, those in group 2 have two 1’s, and those l 8 1000

in group 3 have three 1°s. 5 0101

v" Two terms can be combined if they differ in exactly one group 2 | 6 0110

. L - 9 1001

variable. Only terms in adjacent groups must be compared. 10 1010

v" First, we will compare the term in group 0 with all of the ‘ m
7 )

terms in group 1.Terms 0000 and 0001 can be combined to EOUP 2 1 14 1110

eliminate the fourth variable, which yields 000 (a'b’c").

v Similarly, 0 and 2 combine to form 00-0 (a’b’d"), and 0 and 8 combine to form —000 (b'c’d").
The resulting terms are listed in Column 11 of the following Table.

v" Whenever two terms combine, the corresponding decimal numbers differ by a power of 2 (1, 2, 4,
8, etc.).

v Since the comparison of group 0 with groups 2 and 3 is unnecessary, we proceed to compare terms
in groups 1 and 2. Comparing term 1 with all terms in group 2, we find that it combines with 5 and
9 but not with 6 or 10. Similarly, term 2 combines only with 6 and 10, and term 8 onlywith 9 and
10. The resulting terms are listed in Column 2.

v Each time a term is combined with another term, it is checked off. Also note that, a term may be
used more than once. Even though two terms have already been combined with other terms, they
still must be compared and combined if possible.

v' At this stage, we may generate redundant terms, but these redundant terms will be eliminated

later.
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v Wﬁfinish with Column 1 by comparing terms in groups 2 and 3. New terms are formed by

combining terms 5 and 7, 6 and 7, 6 and 14, and 10 and 14.

albjc|d]|f Column 1 Column 2 Column 3
0/0j0]|0]|1 abcd abcd abcd
0(0j0|11

0({0]1]|0|1

0(oj1|10

0/1/0/0]|0

0(1]0]11

0(1]1|0|1

01111

1101001

1101011

1101101

1101110

111(0(0]|0

111(0(1]|0

111(1/0]1

1111110

v" Note that the terms in Column 2 have been divided into groups. In order to combine two terms, the

terms must have the same variables, and the terms must differ in exactly one of these variables.
Thus, it is necessary only to compare terms which have dashes (missing variables) in corresponding
places and which differ by exactly one in the number of 1’s.

Terms in the first group in Column 2 need only be compared with terms in the second group which
have dashes in the same places. Term 000- (0, 1) combines only with term 100- (8, 9) to yield —
00— (b'c).

The resulting term is listed in Column 3 along with the designation 0, 1, 8, 9 to indicate that it was
formed by combining minterms 0, 1, 8, and 9.

Term (0, 2) combines only with (8, 10), and term (0, 8) combines with both (1, 9) and (2, 10).
Again, the terms which have been combined are checked off. Comparing terms from the second
and third groups in Column 2, we find that (2,6) combines with (10, 14), and (2, 10) combines with
(6,14).

Note that there are three pairs of duplicate terms in Column 3. These duplicate terms were formed

in each case by combining the same set of four minterms in a different order.
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v’ After deleting the duplicate terms, we compare terms from the two groups in Column 3. Because

no further combination is possible, the process terminates.

v In general, we would keep comparing terms and forming new groups of terms and new columns
until no more terms could be combined. The terms which have not been checked off because they
cannot be combined with other terms are called prime implicants. Because every minterm has been
included in at least one of the prime implicants, the function is equal to the sum of its prime
implicants. In this example we have;

f=a'c'd + a'bd + a'bc + b'c' + b'd + cd'’
(1.5 (5.7) (6,7 (0,1,8,9) (0,2.8.10) (2,6,10,14)
Definition:

v Given a function F of n variables, a product term P is an implicant of F iff for every combination
of values of the n variables for which P = 1, F is also equal to 1.

v A prime implicant of a function F is a product term implicant which is no longer an implicant if
any literal is deleted from it.

Consider an Example:
Fla,b,c) = a'b'c’ + ab'c" + ab'c + abec = b'c" + ac
o In the above function, the implicant a’b’c’ is not a prime implicant because a can be eliminated, and

the resulting term b'c’ is still an implicant of F. The implicants b’ ¢’ and ac are prime implicants

because if we delete a literal from either term, the term will no longer be an implicant of F.

The Quine-McCluskey method, as previously illustrated, finds all of the product term implicants of a
function. The implicants which are nonprime are checked off in the process of combining terms, so that the
remaining terms are prime implicants. Any nonprime term in a sum-of-products expression can thusbe

replaced with a prime implicant, which reduces the number of literals and simplifies the expression.

THE PRIME IMPLICANT CHART:

v" The second part of the Quine-McCluskey method employs a prime implicant chart to select a
minimum set of prime implicants. The minterms of the function are listed across the top of the
chart, and the prime implicants are listed down the side. A prime implicant is equal to a sum of
minterms, and the prime implicant is said to cover these minterms. If a prime implicant covers a

given minterm, an X is placed at the intersection of the corresponding row and column. The
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following Table shows the prime implicant. All of the prime implicants (terms which have not

been checked off in the above Table) are listed on the left.

- 0 1 2 5 6 7 8 9 10 14

0,1,8,9) (b'c)

0,2,8,10) (b'd)

(2,6,10,14) (cd)

(1,5) (a'c'd)
G.7)  (abd)
6,7) (a'bc)
v"In the first row, X’s are placed in columns 0, 1, 8, and 9, because prime implicant b’c’ was formed

from the sum of minterms 0, 1, 8, and 9. Similarly, the all other X’s are placed.

v" If aminterm is covered by only one prime implicant, then that prime implicant is called an essential
prime implicant and must be included in the minimum sum of products. Essential prime implicants
are easy to find using the prime implicant chart. If a given column contains only oneX, then the
corresponding row is an essential prime implicant. In the above Table, columns 9 and 14 each
contain one X, so prime implicants b'c’ and cd' are essential.

v Each time a prime implicant is selected for inclusion in the minimum sum, the corresponding row
should be crossed out. After doing this, the columns which correspond to all minterms covered by
that prime implicant should also be crossed out.

v A minimum set of prime implicants must now be chosen to cover the remaining columns. In this
example, the resulting minimum sum of products is —

f=b'¢"+cd + a'bd
Example: Solve using QM method: F=Ym (0, 1, 2, 5, 6, 7).
Solution:
al/b|c|F Column 1 Column 2
11010 abc abc
1101
11110
1111
1100
1101
11110
1111
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The following Table shows the resulting prime implicants chart:

0

1

2

Therefore, F =

NOTE: A prime implicant chart which has two or more X’s in every column is called a cyclic prime

implicant chart.

Example: Solve, using Quine Mc-Cluskey method & K-Map method: F=Ym (0, 1, 2, 8, 10, 11, 14, 15).
Solution:
Quine Mc-Clusky method:

A[B[C|DJF Stage 1 Stage 2 Stage 3
00|00 ABCD ABCD ABCD
00|01

0j0(1]0

00|11

0(1]0]0

01|01

01|10

oOj1(1]1

11]0(0]0

110(0]1

11]0(1]0

110|111

111(0]0

111|101

111|110

111111
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(,1) (A'B'C
(0, 2, 8,10) (B'D")
(10, 11, 14, 15) (AC)
Therefore, F=AC + B'D' + A'B'C’

K-Map Method:

ﬂABABABAB\

ch

CcD

CD
\Z /
Homework: Using Quine-McClusky method, simplify;

a)Y=Ym (0,123, 10, 11, 12, 13, 14, 15)
b) Y=Ym(2,6,7).

F=AC+ B'D'+ AB'(’

PATRICK’S METHOD:
v’ Petrick’s method is a technique for determining all minimum sum-of-products solutions from a

prime implicant chart. The example discussed above has two minimum solutions. As the number
of variables increases, the number of prime implicants and the complexity of the prime implicant
chart may increase significantly. In such cases, a large amount of trial and error may be required to
find the minimum solution(s).

v" Petrick’s method is a more systematic way of finding all minimum solutions from a prime implicant
chart than the method used previously. Before applying Petrick’s method, all essential prime

implicants and the minterms they cover should be removed from the chart.

Consider the following Table:
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First, we will label the rows of the table P1, P2, P3, etc. We will form a logic function, P, which
is true when all of the minterms in the chart have been covered. Let P1 be a logic variable which
is true when the prime implicant in row P1 is included in the solution, P2 be a logic variablewhich
is true when the prime implicant in row P2 is included in the solution, etc.

Since, column 0 has X’s in rows P1 and P2, we must choose row P1 or P2 in order to cover minterm
0. Therefore, the expression (P1+P2) must be true.

In order to cover minterm 1, we must choose row P1 or P3; therefore, (P2+P3) must be true. In
order to cover minterm 2, (P2+P4) must be true.

Similarly, in order to cover minterms 5, 6, and 7, the expressions (P3+P5), (P4+P6) and (P5+P6)
must be true.

Since we must cover all of the minterms, the following function must be true:

The next step is to reduce P to a minimum sum-of-products. This is easy because there are no
complements. First, we multiply out, using (XX + Y)(XX + Z) = XX + YZ and the ordinary

distributive law:

Next we use XX + XXY = XX to eliminate redundant terms from P, which gives;

Because P must be true (P = 1) in order to cover all of the minterms, we can translate the equation
back into words as follows. In order to cover all of the minterms, we must choose rows P1 and P4
and P5, or rows P1 and P2 and P5 and P6, or . .. or rows P2 and P3 and P6.

Although there are five possible solutions, only two of these have the minimum number of rows.
Thus, the two solutions with the minimum number of prime implicants are obtained by choosing

rows P1, P4, and P5 or rows P2, Pl ittt
r F=a'c'+ b'c+ab are two minimum solutions.|

Thus; F =a'b’ + bc' + ac 0
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IMPLIFICATION OF INCOMPLETELY SPECIFIED FUNCTIONS:

In some digital systems, certain input conditions never occur during normal operation; therefore, the
corresponding output never appears. Since the output never appears, it is indicated by an X in the truth table.
The Xis called a don 't-care condition.
Remember these points about don’t-care conditions:

1. Given the truth table, draw the K-map and transfer Os, 1s, and don’t-care terms.

2. Encircle the actual 1s on the K-map in the largest groups you can find treating don’t cares as 1s.

3. After the actualls have been included in the groups, disregard the remaining don’t cares by

visualizing them as 0s.

Example: Consider the following truth table with don’t care conditions for all the inputs from 1010 to
1111.

AIBICID|Y|[ [A[B[C|D|Y Y iB AR AB  AB
0j0j0|0|0| [f|oj0|0]0 )

0fojo|L|0]| [f]ojolL|L co

ofolt1lolo]| [T]olL|0[X o

0lol1|2|0] [T]olL|1[X

of1][ololo| [1[L]0]0][X ¢b

0(Ljo|z|o]| [T]z]0|1[X ch

oj1]1]ojo]| [1]1]1]0[X A\
ofLl1l21(o| [1[1[1]1[X

Problem: What is the simplest logic circuit for —

a) YL=F(A,B,C,D) =Ym(0) +Yd (8 9, 10, 11, 14, 15)

b) Y2=F(A,B,C,D)=Ym (0) +d (12, 13, 14, 15)

c) Y3=F(A,B,C,D)=Ym (7) +>d (10, 11, 12, 13, 14, 15).
Solution:

(@)

Therefore, Y1 = B'C'D’
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(b) _ _ _
AB AB AB AB
Y2
Therefore, Y2 = A'B'C'D’ ch
CD
CD
()
Y3 AB AB AB AB co
cP
CD Therefore, Y3 = BCD
CD
cP

Don’t-Care Conditions in Quine McCluskey Method:

o In the process of finding the prime implicants, we will treat the don’t-care terms as if they were
required minterms. In this way, they can be combined with other minterms to eliminate as many
literals as possible. When forming the prime implicant chart, the don’t-cares are not listed at the
top.

o This way, when the prime implicant chart is solved, all of the required minterms will be covered
by one of the selected prime implicants. However, the don’t-care terms are not included in the final

solution unless they have been used in the process of forming one of the selected prime implicants.

Homework: Using Quine-McCluskey method (same questions can be asked to solve by using Patrick’s
method also), simplify;

a) f(a,b,c,dy=>m(3,4,5,7,10,12,14,15) +>d (2)

b) f(a,b,c,d)=>m(1,5,7,9,11, 12, 14, 15)

c) f(a,b,c,d)=>m (0, 1,03,5,6,7,8, 10, 14, 15)

d) f(a,b,c,dy=>m (1, 3,4,5,6,7,10,12,13) +>d (2,9, 5)

e) f(a, b, c,d)=3m (9, 12,13, 15) + Yd (1, 4, 5, 7, 81 11, 14).

Example: Solve using QM method: F (A, B, C, D) =>m (2,3, 7,9, 11, 13) +>d (1, 10, 15).

Solution: The don 't-care terms are treated like required minterms when finding the prime implicants:
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A/B|C|D|F Column 1 Column 2 Column 3
0(0j0|0 ABCD ABCD ABCD
0(0|0|1
o(oj1(0
0(0|1(1
0(1|0(0
0(1|0(1
o(1|1/0
o111
110(0]|0
110|0]1
1/0(1]0
110111
11100
1/1(0]1
1/1(1]0
111111
The don’t-care columns are omitted when forming the prime implicant chart:
- 2 3 7 9 11 13

IMPLIFICATION

Therefore, F =

ING MAP-ENTERED VARIABILES:

Although the Quine-McCluskey method can be used with functions with a fairly large number ofvariables,

it is not very efficient for functions that have many variables and relatively few terms. Some of these

functions can be simplified by using a modification of the Karnaugh map method. By using map- entered

variables, Karnaugh map techniques can be extended to simplify functions with more than four orfive

variables. The following Figure shows a four-variable map with two additional variables entered in the

squares in the map.
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AB AB AB AB
cps 90 01 11 10 ¢p 1110 cpN\ 0 cp 00 01 11
I|X|E|X|F 0l || X X |- X | _1'-| X X1
NEEVARRE i (1] 1) x| 1) x| x X X | X
ol 1 X 10 ({1, X 0| X X X X
iy E=F=0 E=1F=10 E=0F=1
MS; = AR+ ACD MS;=A'D MS, =AD

When E appears in a square, this means that if E = 1, the corresponding minterm is present in the function
G, and if E = 0, the minterm is absent. Thus, the map represents the six-variable function;

G(A,B,C.D,E.F) = my+ my, + my + Ems + Em; + Fmg + my; + mys
(+ don’t-care terms)

Example: Simplify Y (A, B, C) = >m (2, 6, 7) by using entered variable map method by taking —
a) “C” as map entered variable
b) “4 as map entered variables.

Solution: LetY =>m (2,6, 7)

A[B[CTY A[B]Yc B[CJVa
0o[o0f0]o0 0]0 0]0
ofof[1]0 01 01
0o[1[0]1 1|0 1|0 ©[4]A
o[1]1]0 1)1 1]1 B’ | 0 [CY
1{ofofo B {C'\1
1101110 @4 A ) [B[B
Y =AB + BC’
1]1]01 B[ 0]0 clofi | |
1111 C X
B 1D C | 0 \A4
| Yc=BC’ +AB | | Ya=AB+BC’ |

Simplification is similar to K-map method. In Fig (a), C’ is grouped with 1 to get a larger group as 1 can
be writtenac 1 =1 + C". Similarly, A is grouped with 1 in Fig (b).

Now, the product term representing each group is obtained by including map entered variable (MEV) in
the group as an additional ANDed term.

Hence, for Fig (a): Y = BC + AB. For Fig (b): Y = BC + AB.

Consider the EBM shown in Fig (c). This has only two product terms, and doesn’t need a separate coverage
for 1. This is because, one can write 1 = C + C’, and C is included in one group and C’ is included in other

group.
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Example: Simplify Y (A, B, C) =Ym (1, 2, 3, 4, 8, 9, 10, 13, 14) by using entered variable map method by
taking — a) “D” as map entered variable

b) “Cand D” as map entered variables.

Solution:

A B COD|Y

00000, ABCLY  gc

000 1|1 CaD 00 0|D AN\ 00 01 11 10

00 1 01 00 111 ololiTeol®
1

00 1 1]1 01 0|D 1

010015 01 10 1l1]lo|Do| oD

010 1[0 — 10 0]1
+D 1 0 1|D

01 1 0/0, Compressed one time

011 10 11 0][D

100 0[1 11 11D

100 11 —

10101E]D ABL Y AE‘a 1

101 10 0 0]C+D o| c+D | C+D

110 0lo 0 1 |C+D —

1101|102 1 0|CD 1| cD | cep
caD

111 0|1 = N

111 1lo D Compressed two times

Example: Solve by using (a) K-Map method & (b) MEV method taking “D” as map entered variable:
F(A,B,C,D)=A'B' C+ A BC+ A BC' D+ ABCD + (AB' C); where AB'C is a don’t-care term.
Solution: Given F(A,B,C,D) = AB'C+ ABC + A'BC'D + ABCD + (AB'C)

ie, F=ABCD+D)+ABC(D+D)+ABCD+ABCD+[AB C(D+D')]
orF=ABCD+ABCD+ABCD + A BCD+ ABCD + (AB'CD'+ AB' CD)

ie, F=Ym(0,1,6,7,15) + Yd (10, 11).

/Y AB AB AB AB \ Y(A, B, C, D) —

ch

CD

CD

N J
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MEV method taking “D” as map entered variable:

AlBICID[Y] Yo
000011
0lolo|1]1
olol1/0]0
001100 /YA A’\
01000O B
ol1lo[1]0
011011 B'C
0l1[1]1[1 BC
10000O
1/0]/o0]1]0 BC'
101oxx \ J
1]0[1]1[X Y(ABC)=
1/1]0]0]0

0
1/1/0]1]0
1/1[1(0]0

D
111|111
Exercise:

a) Design (a) Binary-to-Gray Code Converter, and (b) Gray-to-Binary Code Converter
b) A switching circuit has two control inputs (C1 and C2), two data inputs (X1 and X2), and one
output (Z). The circuit performs one of the logic operations AND, OR, EQU (equivalence), or XOR

(exclusive OR) on the two data inputs. The function performed depends on the control inputs:

() Derive a truth table for Z

(i) Use a Karnaugh Map to find minimum AN-OR Gate Circuit to realize Z.
c) A logic circuit realizing the function f has four inputs a, b, ¢, d. The three inputs a, b, and c are

the binary representation of the digits 0 through 7 with a being the most significant bit. The input
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d is an odd-parity bit; that is, the value of d is such that a, b, ¢, and d always contains an odd
number of 1’s. (For example, the digit 1 is represented by abc = 001 and d = 0, and the digit 3 is
represented by abcd = 0111.) The function f has value 1 if the input digit is a prime number. (A
number is prime if it is divisible only by itself and 1; 1 is considered to be prime, and 0 is not.)

a. Draw a Karnaugh map for f

b. Find all prime implicants of f

Find all minimum sum of products for f

a o

Find all prime implicants of 1’

e. Find all minimum product of sums for f.

Try these: Design a minimal sum combinational circuit to —

a)
b)
c)
d)
e)

Find the 9s complement of BCD numbers
Convert BCD to Excess-3

Multiply two 2-bit numbers

Output a 1 when an illegal BCD code occurs

Output the 2s complement of a 4-bit binary number.
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Q1. What is a multiplexer? Design a 4 to 1 multiplexer using logic gates. Write the truth table
and explain its working principle.

Answer: Multiplexer is a circuit with many inputs but only one output.

Designing of 4 to 1 multiplexer shown below:

A B
0—% »—%
Do N\
./
D, \
.
Y
D, \
./
Ds ﬁ
L
Truth table for 4 to 1 MUX:
A B Y
0 0 Do
0 1 D1
1 0 D,
1 1 D3

Working principle of 4 to 1 multiplexer:

From the above diagram, the Logic Equation for 4 to 1 multiplexer is

Y =A'B'D,+ A'BD, + AB'D, + ABD,

If A=0, B=0then, Y =00'D,+0'0D,+00'D,+00D, =1.1.D,+1.0.D, +0.1.D, +0.0.D, = D,
Similarly, if A=0 and B=1 then Y=Dq, if A=1 and B=0 then Y=D- and , if A=0 and B=1 then
Y=D3

Page: 1
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Q2. Construct 4:1 multiplexer using only 2:1 multiplexer.
Answer: Logic Equation for 2:1 Multiplexer is Y = A'D, + AD,

Logic equation for 4:1 Multplexer is Y = A'B'D, + A'BD, + AB'D, + ABD,
=Y = A'(B'D, +BD,) + A(B'D, + BD,)

We require three 2:1 Multiplexers and the connection is shown below.

B
Do
2:1 A
Multiplexer
D1
B 2:1
Multiplexer Y
D2
2:1
Multiplexer
Ds

Q3. Construct 8:1 multiplexer using only 2:1 multiplexer.

Answer: Logic Equation for 2:1 Multiplexer is Y = A'D, + AD,

Logic Equation for 8:1 Multiplexer is

Y =A'B'C'D,+ A'B'CD, + ABC'D, + ABCD, + AB'C'D, + AB'CD, + ABC'D, + ABCD,
=Y =A'(B'C'D,+B'CD,+BC'D, + BCD,)+ A(B'C'D, + B'CD, + BC'D, + BCD,)
=Y =A[B'(C'D, +CD,)+B(C'D, +CD,)]+ AlB'(C'D, +CD;) + B(C'Dy +CD,)]

Page: 2
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C
Do
2:1 B
Multiplexer
D1
C 2:1
Multiplexer
2:1
Multiplexer
D3
C 21 Y
Multiplexer
D4
2:1 B
Multiplexer
Ds
C 2:1
Multiplexer
Ds
2:1
Multiplexer
D7

Q4. Design 16 to 1 multiplexer using 8 to 1 multiplexer and one 2 to 1 multiplexer.

Answer: Logic Equation for 2:1 Multiplexer is Y = A'D, + AD,

Logic Equation for 8:1 Multiplexer is

Y =AB'C'D,+A'B'CD, + ABC'D, + ABCD, + AB'C'D, + AB'CD, + ABC'D, + ABCD,

Logic Equation for 16:1 Multiplexer is

Y =A'B'C'D'D,+ AB'C'DD, +...+ ABCD'D, + AABCDD, + AB'C'D; + AB'C'D, +...+ ABCD'D,, + ABCDD,,
=Y =A(B'CD'D,+B'CDD, +...+ BCD'D, + BCDD,) + A(B'C'D; + B'C'D, +...+ BCD'D,, + BCDD;;)

Page: 3
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B CD
Do
| 8:1 A
i Multiplexer
D~ :
B CD 2:1 Yy
Multiplexer
D8 [
i 8:1
' | Multiplexer
Dis—

Q5. Design 32 to 1 multiplexer using 16 to 1 multiplexer and one 2 to 1 multiplexer.
Answer: Logic Equation for 2:1 Multiplexer is Y = A'D, + AD,
Logic Equation for 16:1 Multiplexer is
Y =AB'C'D'D,+AB'CDD, +.....+ ABCD'D,, + ABCDD,,
Logic Equation for 32:1 Multiplexer is
Y = AB'C'D'E'D, +...+ ABCDE'D,, + ABCDED,, + AB'C'D'E'D +...+ ABCDE'D,, + ABCDED,,
=Y = A(B'C'D'E'D, +...+ BCDE'D,, + BCDED,;) + A(B'C'D'E'Dy +...+ BCDE'D,, + BCDED,,)

BCDE
Do
| 16:1 A
i Multiplexer
Dis—
BCDE 21 NV
Multiplexer
D16 |
! 16:1
| | Multiplexer
Da1—

Page: 4
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Q6. Mention the differences between decoder and demultiplexer.

Answer:

Demultiplexer

Decoder

There is one data input and multiple output.
There are selects used as control bits.

There is no data input. The only inputs are the
control bit.

The data input appears at one of the output as
per the control inputs.

One of the output is high as per the control
inputs.

Input appears at the output where subscription
of the output is equal to the decimal equivalent
to the inputs.

Output becomes high where subscription of the
output is equal to the decimal equivalent to the
inputs

Q7. (a) Realize Y = AB+B'C’'+ ABC using an 8 to 1 Multiplexer.

(b) Can it be realized with a 4 to 1 multiplxer?

Answer : (a)Logic Equation for 8:1 Multiplexer is
Y =A'B'C'D,+ A'B'CD, + ABC'D, + ABCD, + AB'C'D, + AB'CD, + ABC'D, + ABCD,
We should express Y as a function of three variables i.e function of minterms.

Y =AB+B'C'+ ABC

=Y =AB(C+C")+B'C'(A+A")+ ABC
=Y =ABC+ABC'+ AB'C'+ A'B'C'+ ABC
=Y =AB'C'+ ABC'+ ABC + AB'C'+ ABC

Comparing with the Logic equation of 8:1 Multiplexer, we have
D,=D,=D,=D,=D,=1and D,=D, =D, =0

ABC

8:1
Multiplexer

D():li
D1207
D2:l
Dgzli
D4:17
Dszoi
D6207
D7:17

(b)Y =A'B+B'C’'+ ABC
=Y =AB+B'C'(A+A)+ ABC
=Y =AB+AB'C'+ AB'C’'+ ABC
=Y =AB'C'+A'B.1+ AB'C'+ ABC
Logic equation for 4:1 Multplexer is Y = A'B'D,

+ A'BD, + AB'D, + ABD,

Page: 5
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We have, D, =C’, D, =1, D,=C"and D,=C

A B
DOZC,
D=1 4:1
Multiplexer — Y
D2:C’7
D3:C

Q8. Implement the following Boolean functions using 4:1 multiplexer (MUX):
(i)Y = f(A,B,C,D) =>'m(0,1,2,4,6,9,12,14)
(ii))F(A,B,C) =>"m(1,3,5,6)
Answer: Logic equation for 4:1 Multplexer is Y = A'B'D, + A'BD, + AB'D, + ABD,
Y =f(AB,C,D) =Zm(0,1,2,4,6,9,12,14)
=Y =AB'CD'+ AB'C'D+A'B'CD'+ A'BC'D'+ A'BCD'+ AB'C'D + ABC'D' + ABCD’
=Y =AB'(C'D'+C'D+CD")+ A'B(C'D'+CD’")+ AB'C'D+ AB(C'D'+CD")
Comparing with Logic Equation of 4:1 Multiplexer, We have
D,=CD'+C'D+CD'= D,=C'D".1+C'D.1+CD".1+CD.0
D,=CD'+CD'= D, =C'D".1+C'D.0+CD".1+CD.0
D,=CD=D,=CD'.0+C'D.1+CD".0+CD.0
D,=CD'+CD'= D,=C'D".1+C'D.0+CD".1+CD.0
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|9:1
|10:O
|11:O

l1o=1
l15=0
la=1
l15=0

Module 3

4:1
Multiplexer

C D
L
4:1 Do
Multiplexer
C D
L
4:1 D,
Multiplexer
C D
L
4:1 D,
Multiplexer
C D
L
4:1 Ds
Multiplexer

(if) Logic equation for 4:1 Multplexer is Y = A'B'D, + A'BD, + AB'D, + ABD,
F(AB,C)=>"m(135,6)
= F=AB'C+ABC+AB'C+ ABC’

= F=AB'C+ABC+AB'C+ABC’

Comparing with Logic Equation of 4:1 Multiplexer, we have

D,=C,D,=C, D,=Cand D, =C’

Page: 7
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A B
Do=C ———
D]_:C E— 41
Multiplexer —— F
D,=C ———
D3:C’7
Q9. Implement the Boolean function expressed by SOP:
f (A B,C,D) =) m(1,2,5,6,9,12) using 8 to 1 MUX.
Answer:
ABC 000 001 010 011 100 101 110 111
D=0 0 1 0 1 0 0 1 0
D=1 1 0 1 0 1 0 0 0
f 1 0 d d d d d d
8:1 MUX | Do=D Di=D' D.=D D3=D' Ds=D Ds=0 Ds= D' D=0
data input
Circuit diagram:
D A B C
D' J J J
® DO
oD,
® D2
o D .
*  8:1 MUX f
[ D4
Ds
[ D6
o Dy

Page: 8
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Q10. Implement the Boolean function:
F(AB,C,D)= Zm(O,l, 2,4,5,7,8,9) using 8 to 1 multiplexers. Draw the logic diagram and

explain the operation. Additional gates can be used if required.
Answer : (a)Logic Equation for 8:1 Multiplexer is

Y =AB'C'D,+ AB'CD,+ ABC'D, + ABCD, + AB'C'D, + AB'CD, + ABC'D, + ABCD,
Logic Equation for 2:1 Multiplexer is Y = A'D, + AD,
F(AB,C,D)=>m(0,1,24,57,8,9)
= F=ABCD'+AB'CD+ABCD'+ ABC'D'+ AABC'D+ A'BCD+ AB'C'D'+ AB'C'D
=F=A(BCD'+B'CD+B'CD'+BC'D'+BC'D+BCD)+A(B'C'D'+B'C'D)
Comparing with 2:1 Logic Equation, we have
D,=B'CD'+B'C'D+B'CD'+BC'D'+BC'D+BCD
= D,=B'C'D"1+B'C'D.1+B'CD".1+B'CD.0+BC'D".1+ BC'D.0+BCD".0+ BCD.1
D,=B'CD'+B'CD
= D, =B'C'D"1+B'C'D.1+B'CD".0+B'CD.0+ BC'D".0+ BC'D.0+BCD".0+BCD.0
B C D

8:1

=0 Multiplxer | Do
|4=1
ls=1— *

=1 A

2 c o A >
|10=0 - A
Multiplxer

|12=O I
|13:0 ]
|14:O ]
l15=0 — 1

(Note: Q9 and Q10 are similar. But method for Q9 is preferable)
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Q11. Realize the following Boolean function:
P="f(wXxY,2z) =Z(0,1,5,6,7,10,15) using (i) 16:1 MUX (i) 8:1 MUX  (iii) 4:1 MUX
Answer : (i)Logic Equation for 16:1 Multiplexer is
P=wXxYy'z'D, +Wx'y'z.D, + Wx'yz'.D, + Wx'yz.D, + W'xy'z".D, + WXy'z.D; + Wxyz'.D, + W'xyz.D, + wx'y'z".D,
+wx'y'z.D, + wx'yz'.D,, + Wx'yz.D,; + wxy'z".D,, + wxy'z.D,, + wxyz'.D,, + wxyz.D,,

P=f(wx,y,z)=> m(0,15,6,710,15)

= P=wXYyZ'+WX'yz+WXxy'z+wxyz'+ Wxyz + wx'yz' + wxyz

= P=wXy7Z.1+Wxyz1+wx'yz.0+ wWx'yz.0 + Wxy'z".0+w'xy'z.1+ w'xyz". 1+ w'xyz.1+ wx'y'z".0
+wx'y'z.0 + wx'yz".1+ wx'yz.0 +wxy'z".0 + wxy'z.0 + wxyz".0 + wxyz.1

Comparing with Logic Equation for 16:1 Multiplexer, we have

Dy=D,=D;=D; =D, =D,, =D, =1and D,=D,=D,=D; =D, =D,, =D, =D;; =D,, =0

W X y z

16:1Multiplexer — P

(if)Logic Equation for 8:1 Multiplexer is
Y =XY7' 0, + XYzl +Xyz' |, +Xyz.l, + xy'Z" 1, + xy'z.l, +xyz" 1 + xyz.l,
Logic Equation for 2:1 Multiplexer is Y =w'D, + wD,
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P=f(wxy,z)=>m(0,15,6,710,15)

I\ !=! I !

= P=wXy7 +WX'y'Z +WXy'z + Wxyz' + w'xyz + wx'yz' + wxyz

= P=wW(XyZ' +Xyz+xyz+xyz"+ xyz) + w(x'yz' + xyz)

= P=w(XyZz.1+x¥y72.1+x'yz.0+ x'yz.0+ xy'2".0+ xy'z.1+ xyz".1+ xyz.1)
+wW(Xy'2".0+x'y'z.0+x'yz" .1+ x'yz.0+ xy'z".0+ xy'z.0+ xyz'.0 + xyz.1)

Comparing with Logic Equation of 2:1 Multiplexer, we have

D, =XYy7' 1+ Xy7.1+ Xyz' .0+ X'yz.0+ xy'z".0+ xy'z.1+ xyz".1+ xyz.1

D, =xy7'.0+xy72.0+xyz" .1+ Xyz.0+ xy'z".0+ xy'z.0 + xyz".0+ xyz.1

X y z
=1
|1: o
=0 —— 8:1
=0 Multiplxer | Do
[,=0 ——
|5: — ]
le=1
|7: e W
<y o A 0 o>
lg=0 —
=0 —

|10: — W
l;1,=0 —— 8:1 D1
l,,=0 ——| Multiplxer
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(i) Logic equation for 4:1 Multplexer is Y =w'x'D, +W'xD, +wx'D, + wxD,

P=f(w,x,y,z)=> m(0,15,6,7,10,15)

= P=wXYy7'+WXy'zZ+WXxy'z+wxyz' + wxyz + wx'yz' + wxyz
= P=wX'(yZ'+y2z)+Wx(y'z+yz'+yz)+wx'yz' + wxyz
Comparing with Logic Equation for 4:1 Multiplexer, we have
D,=y7'+y72=D,=Yy7 1+y7.1+yz'0+yz.0
D,=yz+y7'+yz=D, =y7'0+yz1+yz" 1+yz1

D,=yz'=y7'.0+yz.0+yz 1+ yz.0
D,=yz=y7'.0+yz.0+yz.0+yz1

|4=0

Is=0
lo=0
l10=1
[11=0

[12=0
115=0
l14,=0
l15=1

4:1
Multiplexer

y z
L
4:1 Do
Multiplexer
y z
L
4:1 D,
Multiplexer
y z
L
4:1 D,
Multiplexer
y z
L
4:1 D3
Multiplexer
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Q12. Design and implement BCD to excess-3 code converter using four 8:1 multiplexers. Take
MSB ‘A’ as map entered variable(input variable) ‘BCD’ lines as select lines, assuming

f(A,B,C,D) as BCD input.
Answer: Truth table for converting BCD to Excess-3

BCD Excess-3
A B C D W X Y Z
0 0 0 0 0 0 1 1
0 0 0 1 0 1 0 0
0 0 1 0 0 1 0 1
0 0 1 1 0 1 1 0
0 1 0 0 0 1 1 1
0 1 0 1 1 0 0 0
0 1 1 0 1 0 0 1
0 1 1 1 1 0 1 0
1 0 0 0 1 0 1 1
1 0 0 1 1 1 0 0
Designing of the multiplexer whose output is W
BCD 000 001 010 011 100 101 110 111
A=0 0 0 0 0 0 1 1 1
A=1 1 1 X X X X X X
W A A 0 0 0 1 1 1
8:1MUX | Do=A |Di=A | D=0 |Ds=0 | Ds=0 Ds=1 De=1 |Ds=1
Data Input
Designing of the multiplexer whose output is X
BCD 000 001 010 011 100 101 110 111
A=0 0 1 1 1 1 0 0 0
A=1 0 1 X X X X X X
X 0 1 1 1 1 0 0 0
8:1 MUX | Dg=0 D=1 D>=1 Ds=1 Ds=1 Ds=0 Dg=0 D=0
Data Input
Designing of the multiplexer whose output is Y
BCD 000 001 010 011 100 101 110 111
A=0 1 0 0 1 1 0 0 1
A=1 1 0 X X X X X X
Y 1 0 0 1 1 0 0 1
8:1 MUX | Do=1 D:=0 D>=0 | Ds=1 |Ds=1 Ds=0 De=0 | D7=1
Data Input
Designing of the multiplexer whose output is Z
BCD 000 001 010 011 100 101 110 111
A=0 1 0 1 0 1 0 1 0
A=1 1 0 X X X X X X
Z 1 0 1 0 1 0 1 0
Data Input | Do=1 D:=0 D=1 | D3=0 |Ds=1 Ds=0 De=1 | D7=0
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PRPPRPOOO >

O OO0ORrR R EFPRLRO

) OORRFR OO B

oOrokrRr O O

DO
D1
D2
D3
D4
D5
D6
D7

8:1
Multiplexer

DO
D1
D2
D3
D4
D5
D6
D7

8:1
Multiplexer

DO
D1
D2
D3

D5
D6
D7

8:1
Multiplexer

DO
D1
D2
D3
D4
D5
D6
D7

8:1
Multiplexer

Module 3
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Q13. Realize a logic circuit for octal to binary encoder.
Answer: Truth table for octal to binary encoder

Input Output
Do D1 D> Ds D4 Ds Ds D7 B> B1 Bo
1 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 1
0 0 1 0 0 0 0 0 0 1 0
0 0 0 1 0 0 0 0 0 1 1
0 0 0 0 1 0 0 0 1 0 0
0 0 0 0 0 1 0 0 1 0 1
0 0 0 0 0 0 1 0 1 1 0
0 0 0 0 0 0 0 1 1 1 1
Do D D, Ds D, Ds Ds Dy
° |
[ ]
| 8.
®
® \
4 \
®
| B
®
® J
® \
®
| .
[ ]
, J

Q14. Implement a full adder using a 3 to 8 decoder.
Answer: Truth table for full adder

>
vy}
c
3
O
Q
<

il el ilell llelle)
R OO ORIk IOoW;m
RPIRPRIOIFRIOO|IO

P FRPRFPRPOOOoOIOo
PP OO Kk OO
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0
A 1 \
2 S
5 3:8 al ) um
Decoder A M
|
C 5
6 ) Carry
7 ® |
Q15. Implement full adder using IC 74138
Answer: Truth table for full adder
A B C Sum Carry
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1
00
A 10
2 S
3:8 um
B 30
Decoder
C 5
Carry
6 07\
70— 60—
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Q16. Implement 3 bit binary to gray code conversion by using IC 74139.
Answer: Truth table for converting 3 bit binary to gray code
Binary code Gray code
A B C X Y Y
0 0 0 0 0 0
0 0 1 0 0 1
0 1 0 0 1 1
0 1 1 0 1 0
1 0 0 1 1 0
1 0 1 1 1 1
1 1 0 1 0 1
1 1 1 1 0 0
K-Map for X: K-Map for Y: K-Map for Z:
C C C
AB
AB 0 1 AB 0 1 0 1
0| 4 | 0 0| o o 001 0o |1
o1 0 | o0 01 | |1 1 01 m 0
11 [ 1 1 | o 0 11 111 0
10 1 1 10 | |1 1 10 0 1
X=A Y=AB+AB Z=BC+BC
A X
O
74139 O > %
B
O
O
o—>——
74139 ) 7
@ ™S,
C L
O
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Q17. Design a priority encoder for a system with a 3 inputs, the middle bit with highest priority
encoding to 10, the MSB with the next priority encoding to 11, while the LSB with least priority
encoding to 01.

Answer: Truth table of the priority encoder

Input Output

Y

PRk k|lolo|lolo|>
== =1=11ss
Rlo|lk|lolr|lol~|loln
e L T L =1 =1 5%

[eliell il lleliel) i)

K-Map for X: K-Map for Y:
A &
0 1 0 1
00 0 0 00 0 1

AB

01 1 1 01 0 0

11 1 1 11 0 0

10 1 1 10 1 1

X=A+B Y=AB+BC=B(A+C)

| Y
e
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Q18. Design a 4 to 16 line decoder using 2 to 4 line decoder which has the active low outputs as

active low enable input. Explain its operation.
Answer:

C ©
2to4line O
decoder o
D
E O—
i
07
2to4line O
A decoder o
2to4line O E O——
decoder O
B
07
07
2to4dline O
— decoder o
E ©
¥
07
2to4line O
decoder
E ©
Q19. Write the comparisons between PLA and PAL.
Answer:
PAL PLA

The output OR-gate array is fixed while the
input AND gate array is fusible linked and thus
programmable.

Both output OR-gate array and input AND gate
array are fusible linked.

PAL is easier to program.

PLA is more complicated since the number
fusible links are more compared to PAL

PAL is less expensive.

PLA is more expensive compared to PAL.
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Q20. Design 7-segments decoder using PLA.
Answer: Seven segment indicator:

a
f b
g
€ C
d

Following table shows the segments should light up to display a number.

Module 3

Number to display | Segments to light up

0 a,b,cde,f

b,c

a,b,d,e,g

a,b,c.d,g

b,c,f,g

a,c,df

a,c,def,g

a,b,c

a,b,c,d.ef,g

OO |NOOTAWIN| -

a,b,c.f,g
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.

C

Y

D

Y

Module 3
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Q21. Implement the following function using PLA:
Axy,z)=¥m(1,2,3,6); B(x,y,2)=Em(0,1,6,7); C(x,y,z)=Xm(2,6)
Answer:

Module 3

A B C
I
. 0
\ 1
\ 2
\ 3
4
5
6
7

N

A(X,y,2)
=xm(1,2,3,6)

B(x,y,2)
=xm(0,1,6,7)

N

A(X,y,2)
=xm(,2,6)
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Q22. Draw the PLA circuit and realize the Boolean functions:
X=ABC+ABC'+B'C, Y=ABC+AB'C',Z=B'C
Answer : X = AB'C+AB'C'+B'C=AB'C+AB'C'+B'C(A+A)=AB'C+AB'C'+AB'C
Y =AB'C+AB'C’
Z=B'C=B'C(A+A)=AB'C+ABC
A B c

1

\ 0

\ 1
2

\

/

\ 3
4
5
6
7
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Q23. Describe the working principle of 3:8 decoder. Design a circuit that realizes the following
functions using a 3:8 decoder and multi input OR gates.

()F(AB,C)=>m(@137) (ii)F(AB,C)=>m(235)
Answer: Working principle of 3:8 decoder:

There are 3 inputs and 8 outputs in a 3:8 decoder. One of the output is HIGH and remaining
seven are LOW according to inputs. This is shown in truth table.

A B C
aac
Yo
Y, ABC
v, ABC
3:8 Decoder Y; ABC
ABC
Y4 —
ABC
Y5 —
Yo ABC
Y- ABC
Truth table of 3:8 Decoder :
A B C Yo Y1 Y, Y3 Y Ys Ys Y7
0 0 0 1 0 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0 0 0
0 1 0 0 0 1 0 0 0 0 0
0 1 1 0 0 0 1 0 0 0 0
1 0 0 0 0 0 0 1 0 0 0
1 0 1 0 0 0 0 0 1 0 0
1 1 0 0 0 0 0 0 0 1 0
1 1 1 0 0 0 0 0 0 0 1
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Module 3
A B C

vy, ABC

vy, ABC
3:8 Decoder Y3 ABC

Y, ABC

Ye ABC

vs  ABC

Y, ABC

F1(A,B,C) F2(A,B,C)
=rm(1,3.7) ==m(23.5)

Q24. What is magnitude comparator? Design one bit comparator and write the truth table, logic
circuit using basic gates.

Answer: A magnitude comparator compares two binary numbers and it produces an output
showing the comparison of the two input numbers.

For example, two n-bit binary numbers X=XoX1..Xn and Y=YoY1...Yn are compared. There
are three ouputs. The outputs are for X>Y, X=Y and X<Y as shown in the figure below.
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Xo
= X>Y
X :
& n-bit
comparator X=Y
Yo
<
Y, = X<Y
Designing of one bit comparator:
Truth table
Input Output
X Y X>Y X=Y X<Y
0 0 0 1 0
0 1 0 0 1
1 0 1 0 0
1 1 0 1 0
If G, L, E stand for greater than, less than and equal to respectively, then
(X>Y): G=XY"; (X<Y):L=X'Y; (X=Y): E=X'Y+XY=(XY'+X'Y)'=(G+L)'
X | N
| X<Y
| X>Y
|
Y | -
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Q25. What is parity generator? Explain with an example.
Answer: A parity generator is a logic circuit which produces either even parity number or odd
parity number as per requirement.
For example:

X; Xe X5 Xa Xz Xz X3 Xo

.

Data Input

Xsg

9-bit number with odd parity
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Q26. What is parity checker? Explain with example.
Answer: A parity checker check the parity of a number whether the number is of even parity
or odd parity.
For example: The exclusive OR gate produces an output 1 when the input ( Xo...X7) is of
odd parity and produces 0 when the input is of even parity.

X7 Xe X5 X4 X3 X X1 Xo

.
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Q27. Give state transition diagram of SR, D, JK and T flip flops.

Answer:
State Transition Diagram
S R D
1 0 1
S R D
S R ° o 0 D ° 1
0 0 1 0 0
0 1
S R g
0 1 D flip flop
SR flip flop
J K
1 0 T
11 1
J K
T
sk (o) (o (e (G
0 0 1 0 0
0 1
J K I
0 1
1 1 T flip flop
JK flip flop
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Q28. Obtain the characteristic equation of SR, JK, D and T flip flops.

Answer:
State Transition Diagram
S R D
1 0 1
S R D
S R ° o 0 D ° 1
0 0 1 0 0
0 1
S R g
0 1 D flip flop
SR flip flop
J K
1 0 T
1 1 1
J K
T
sk (To) (e T ()
0 0 1 0 0
0 1
J K I
0 1
1 1 T flip flop
JK flip flop

Excitation Table for SR, JK, D and T flip flop is given below is prepared State Transition
Diagram above

Qn — Qu S R I K D T
0 0 0 X 0 X 0 0
0 1 1 0 1 X 1 1
1 0 0o 1 X 1 0 1
1 1 X 0 X 0 1 0
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From the Excitation Table, K-map is formed and then the characteristic equation is determined.

o0 01 11 10
0 0 0 X 1 Characteristic Equation for SR flip flop is
1, 1/ 0 X 1 Qna=S+RQn
JK
O 0 o1 11 10
0 0 0 1 1 Characteristic Equation for JK flip flop is
1 1 0 0 1 Qn+1:J6n+RQn
D
Qn 0 1
0 0 1 Characteristic Equation for D flip flop is
1 0 1 Qn+1=D
T
Qn 0 1
01 0 1 Characteristic Equation for T flip flop is
1 1 0 Qn+1=T6n+?Qn
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Q29. Explain the operation of a gated SR latch with a logic diagram and truth table.
Logic diagram and truth table of gated SR flip flop is shown below:

EN | S R | Qu
s _
} S Q L 1 0 0 Qn (No Change)
1 1 0
EN — ’
1 1 0 1
] } R Ql— 1 1 1 | llegal
0 X X Qn (No Change)
Logic Diagram Truth table

When the Enable (EN) input is high, information at the R and S inputs will be transmitted
directly to the outputs. The latch is said to be enabled. When the Enable (EN) input is low, the
outputs of the AND gates are low and information at the R and S inputs will not be transmitted

to the outputs. The latch is said to be disabled.
It is possible to strobe or clock the flip flop in order to store information at any time and then

hold the stored information for any desired period of time. This flip flop is called a gated or
clocked RS flip flop.
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Q30. Explain the operation of edge triggered ‘SR’ flip flop with the help of a logic diagram and
truth table. Also draw the relevant waveforms.
Answer: Positive edge triggered ‘SR’ flip flop

s}s s L s —Q
B

PT

Logic Diagram IEEE Symbol

oot I O A R R
C S R Qn+1 PT to tl t2 t3 t4
T 0 O Qn (No Change)
t 0 1 | 0 (Reset) S (T (
P10 | 1(se) R FT
Y1 1 lllegal
Q
Truth table

Waveform of positive edge triggered RS flip flop

Positive edges occur at to,t1,t2,t3 and ta.

At to, S=0 and R=0, hence no change in the output and Q=0.
At t1, S=1 and R=0, hence the output is set and Q=1.

At to, S=0 and R=1, hence the output is reset and Q=0.

At t3, S=1 and R=0, hence the output is set and Q=1

At t4, S=0 and R=0, hence no change in the output and Q=1.
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Negative edge triggered ‘SR’ flip flop

S }s 9l —1s —Q
C NT —C>C
R } R QI R o Q
Logic Diagram SR flip flop Symbol

L L)L
Qn+1 PT to t t, ts i
L

c| S R
v | 0 0 | Qn(nochange)
v | 0 1| 0(Reset) S al a —
v 1] 0 1(se) R B
v 1 1 lllegal
Q
Truth table

Waveform of negative edge triggered SR flip flop

Negative edges occur at to,t1,t2,t3 and ta.

At to, S=0 and R=0, hence no change in the output and Q=0.
At t1, S=1 and R=0, hence the output is set and Q=1.

At t2, S=0 and R=1, hence the output is reset and Q=0.

At t3, S=1 and R=0, hence the output is set and Q=1

At t4, S=0 and R=0, hence no change in the output and Q=1.
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Q31. Explain the operation of edge triggered ‘D’ flip flop with the help of a logic diagram and

truth table. Also draw the relevant waveforms.
Answer: Positive edge triggered ‘D’ flip flop

° F}S
Cig PT L
o R

Q|

Logic Diagram

C D Qn+l
0 X Qn (No Change)
t o 0
bt 1

Truth table

Positive edges occur at to,t1,t2,t3 and ta.

At to, D=0, hence the output is low and Q=0.
At t1, D=1, hence the output is high and Q=1.
At t2, D =0, hence the output is low and Q=0.
At t3, D=1, hence the output is high and Q=1

c_|

PT

Q

D flip flop Symbol

L L L

to

t

to

L
L

Q

Waveform of positive edge triggered D flip flop

At t4, D=0, hence no change in the output and Q=1.
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Negative triggered D flip flop
SRR
C% NT
4‘>W} R 6 |

Logic Diagram

Module 3

D flip flop Symbol

c LT LI 1T
C D Qn+1 PT to ta t
0 X Qn (No change)
T . 5 N
v 1 1
Q
Truth table

Negative edges occur at to,t1,t2,t3 and ta.

At to, D=0, hence the output is low and Q=0.

At t1, D=1, hence the output is high and Q=1.

At t2, D =0, hence the output is low and Q=0.

At t3, D=1, hence the output is high and Q=1

At t4, D=0, hence no change in the output and Q=1.

)]
L

Waveform of positive edge triggered D flip flop
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Q32. Explain the working of pulse triggered JK flip flop with typical JK flip flop waveform.
Answer: Positive Edge Triggered JK flip flop

J ———— — BN —Q
ID SIS
PT —C
C
e
K } R QI K o Q
Logic Diagram JK flip flop Symbol

| LI LI L) L] L
C J K Qn+1 PT to tl t2 t3 t4
T O O Qn (No Change)
o R ; ] |
tl1]o0 1 K BR
Y1 1 | Toggle
Q
Truth table

Waveform of positive edge triggered JK flip flop

Positive edges occur at to,t1,t2,t3 and ta.

At to, J=0 and K=0, hence no change in the output and Q=0.
At t1, J=1 and K=0, hence the output is high and Q=1.

At to, J=0 and K=1, hence the output is low and Q=0.

At t3, J=1 and K=0, hence the output is high and Q=1

At t4, J=0 and K=0, hence no change in the output and Q=1.
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Negative Edge Triggered JK flip flop

K

A=
-

Module 3
— S N —— Q
Qi
—(PC
Q — 1k - Q

Logic Diagram

C J K Qn+1

v | 0 0 | Qn(ochange)

vl 0O 1] o

v 1] o0 1

v 1 1 | Toggle
Truth table

Negative edges occur at to,t1,t2,t3 and ta.

JK flip flop Symbol

L
; L
N

Q
Waveform of positive edge triggered JK flip flop

At to, J=0 and K=0, hence no change in the output and Q=0.
At t1, J=1 and K=0, hence the output is high and Q=1.
At to, J=0 and K=1, hence the output is low and Q=0.
At t3, J=1 and K=0, hence the output is high and Q=1
At t4, J=0 and K=0, hence no change in the output and Q=1.
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Q33. Explain the working of Master Slave J K flip flops with logic diagram.
Answer:

Master Slave flip flop

Master is positive-level-triggered and the slave is negative-level-triggered. The master responds
to its J and K inputs before the slave.

If J=1 and K=0, the master sets on the positive clock transition. The high Q output of the master
drives the J input of the slave. So, on the negative clock transition, the slave sets, thus copying
the action of the master.

If J=0 and K=1, the master resets on the positive clock transition. The high Q output of the
master drives the K input of the slave. So, on the negative clock transition, the slave resets, thus
copying the action of the master.

If J=1 and K=1, the master toggle on the positive clock transition. The slave also toggle at the
negative clock transition thus copying the action of the master.

If J=0 and K=0, the master and the slave both are disabled, thus copying the action of the master.
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Q34. What is contact bounce? With neat diagram, explain the working principles of Switch De
bounce circuit.

Answer:
Y Voltage at A
R 5V
A oV
\T S e
Bounce

Any mechanical switching device consists of a moving contact arm restrained by some spring
system. As a result, when a mechanical switch is closed, the arm is moved from one stable
position to other and the arm bounces much as a hard ball bounces when dropped on a hard
surface. This phenomenon is known as contact bounce. When switch S is closed, due contact
bounce the voltage at the A is shown in the above figure.

RS Latch Debounce Circuit
+Vee

SW R,

?L

R>

When switch(SW) is moved to the position H, R=0 and S=1. Bouncing occurs at S due to contact
bounce of the switch. The flip flop treat as high and low inputs. The flip flop will be set with
Q=1 at the firs high of the contact bounce. When the switch continue to bounce, losing contact,

the input signals are R=S=0, thus the flip flop remains at Q=1. As a result, the flip flop responds
only to the first high of the contact bounce.
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QL. Explain 4-bit Serial in-Serial out register.

Answer: 4-bit serial in-serial out register is shown below:

SerialData D Q D R D S D T —
Input

Ol
|
|
|

|

Clock

The waveform for the above circuit is shown below:

It has been assumed that initially Q=0, R=0, S=0 and T=0.

A B C D

Time >
1 4 A y y
Clock 0
1
D
O L
1 1
Q 0
1
R 0 0
1 1
S
T é 0

At clock edge A: DQRS=0000. As the clock trigger at A, the values at DQRS is transferred to
QRST and QRST=0000.
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At clock edge B: DQRS=1000. As the clock trigger at B, the values at DQRS is transferred to
QRST and QRST=1000.

At clock edge C: DQRS=0100. As the clock trigger at C, the values at DQRS is transferred to
QRST and QRST=0100.

At clock edge D: DQRS=1010. As the clock trigger at B, the values at DQRS is transferred to
QRST and QRST=1010.

Q2. Explain 4-bit Serial in-parallel out register.

Answer: 4-bit serial in-parallel out register is shown below:

Clock De .

i A — — — —
S B R Qa R Q R Qc R Q|
O L O L O L o
s T S Qe T S Q T s T
Qn Qs Q

¢ QD‘

Parallel data output

Data shifted in serially, but shifted out in parallel as shown in the figure above. In order to shift
the data out in parallel, output of each flip flop is connected to output pin.

Suppose that the serial data is connected to A, and then B can be used as a control line.

If B is held high, then the NAND gate is enabled and the serial input data passes through the
NAND gate is inverted. The input data is shifted serially into the register.

If B is held low, then the NAND gate output is high irrespective of input data.
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Q3. Explain 4-bit parallel in-Serial out register.

Answer: 4-bit parallel in serial out is shown below.

Serial Input T}
j T S Qe
Shift/loaAd T} L& R
L
O—
'j ) T oS Qe
B ‘ T} .CR
L
O—
‘j j T oS Qe
C I T} .CR
L
H
RCE—D j ) T >:S Q.
D pEETA R

Clock D
Clock Inhibit

The above logic block diagram shows 4-bit parallel in (A, B, C and D) and serial out register.
This can also be used as serial in if data is entered at Serial Input terminal as shown.
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Analysis of the above circuit is given below:

X S X X
X S LA
Data in —% > S Q X X5 Q
—a
—q

Clock

Clock

X1
X 4>@7 S Q Xf
Control
. B

R
Clock 4

The clocked RS flip flop and the attached inverter form a type D flip flop. If a data bit X is to be
clocked into the, the complement of X must be present at the input.

If one leg of the NOR gate is at ground level, a data bit X at the other leg is inverted. This NOR
gate provide option of entering data from two different sources, either Xy or X».

Addition of two AND gates and two inverters allow the selection of data selection of data X or
data Xo.

If the control line is high, the upper AND gate is enabled and lower AND gate is disabled.
If the control line is low, upper AND gate is disabled and the lower AND gate is enabled.
Control line is high: Data bit at X1 will be shifted into the flip flop at the next clock pulse.
Control line is low: Data bit at X> will be shifted into the flip flop at the next clock pulse.

Shift/Load is low: A single clock transition load data into the register in parallel.

Page: 4



Guide for Analog and Digital Electronics

Q4. Explain 4-bit parallel in-parallel out register.

Answer: 4-bit parallel in parallel out is shown below.

D, D

o9
D, D

® O

Parallel
Input

D3 D

® O
D, D

® O

Clock %

— Q

Module 4

Parallel
Output

Data D; through D4 are shifted into the register with clock pulse. The stored data is immediately
available in parallel at the output Q1 through Qa. This type of register is used to store data is

called data latch or data register..
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Q5. Explain 4-bit Ring Counter.
Answer: Following is the 4-bit ring counter.
Clear > I I
Clock ° * ‘
A R CLR = CCL)R ~ CCER ~ CLR A~
B Qa R ™ Qs R Qc R ™" Qo|—
O L O L 0 L0
—S Qa { S Qs T S Qc { S Qo
QA QB QC QD
Output of the last flip flop Qp is feedback to the input of the first flip flop.
State table of Ring Counter is shown below:
Clock Qa Qs Qc Qo
0 1 0 0 0
1 0 1 0 0
2 0 0 1 0
3 0 0 0 1
4 1 0 0 0
5 0 1 0 0
6 0 0 1 0
7 0 0 0 1
8 1 0 0 0
Q6. Design 4-bit Johnson counter (Switch Tail Counter) with state table.
Answer: 4-bit Johnson counter is shown below.
D Q D R D S D T
O
Q R S T

Clock
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Inverting output of the last flip flop is feedback to the first flip flop.

State table of Johnson Counter is shown below:

Clock Serial in=T"' Q R S T
0 1 0 0 0 0
1 1 1 0 0 0
2 1 1 1 0 0
3 1 1 1 1 0
4 0 1 1 1 1
5 0 0 1 1 1
6 0 0 0 1 1
7 0 0 0 0 1
8 1 0 0 0 0
9 1 1 0 0 0

Q7. Explain a 3-bit binary Ripple up counter, give the block diagram, truth table and output
waveforms.

Answer: Following is a Ripple Up Counter (or Asynchronous UP Counter).

Vece ® ® ®
I J QL o 1J R_ o J S|
Clock ——=o O o——O
K Q K R K S
| Q R S
Output
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Waveforms:
a b c d e f g h i
Time >
! ! ! ' ! ! !
Clock

Q - |

R

S
Truth Table:
Negative Edge Q R S Count
Triggered Clock
0 0 0 0
a 0 0 1 1
b 0 1 0 2
c 0 1 1 3
d 1 0 0 4
e 1 0 1 5
f 1 1 0 6
g 1 1 1 7
h 0 0 0 0
i 0 0 1 1
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Q8. Explain a 3-bit binary Ripple down counter, give the block diagram, truth table and output
waveforms.

Answer: Following is a Ripple Down Counter (or Asynchronous Down Counter).

Vee ® ' °
® J Q] o J Rl o J S|
Clock —O O J4O
K Q K R | K S |~
‘ Q R S
Output
Waveforms:

fme  ——F——71 71 1 7 T T 1

Clock
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Truth Table:
Negative Edge Q R S Count
Triggered Clock
0 0 0 0
a 1 1 1 7
b 1 1 0 6
C 1 0 1 5
d 1 0 0 4
e 0 1 1 3
f 0 1 0 2
g 0 0 1 1
h 0 0 0 0
i 1 1 1 7
Q9. Explain a 3-bit Ripple Up Down Counter.
Answer: Following is a Ripple Up Down Counter.
Q R S
Vee | |
Count Up | T |
* Q J R 1 S
Clock —O O
K Q K R LK S
Count Down

Ripple Up Down Counter is combination Ripple Up Counter and Ripple Down Counter.

If Count Up control is high and Count Down control is low, the above counter will be Up
Counter.

If Count Up control is low and Count Down control is high, the above counter will be Down
Counter.
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Q10. Explain the 7493 IC.

Answer: Following is the 7493 IC

CLKA

CLK B

Ro(1) Q

roe) ——L_

7493 IC is a 4 bit binary counter that can be used in either mod-8 or mod-16.

If the clock is applied at CLK B, the counter will be mod-8 counter and the output appear at
Qsg, Qc and Qp.

If the clock is applied at CLK A and QA is connected to CLK B, the counter will be mod-16
Counter and the output appear at Qa, Qg, Qc and Qp.

Ro(1) and Ro(2) are used to reset all flip flops simultaneously.
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Q11. Explain IC 7492.

Answer: Following is the logical diagram for IC 7492

J QI Qa
CLK A
K
9
—J Qe Qg
CLK B ®
K
O —
t J Q —o Qc
K Q
i
%
K
Ro(1) <
— |
Ro(2) j °

IC 7492 can be used as divide by 12 counter or as divide by 6 counter.

Module 4

If the clock is applied at input B and the outputs are taken at Qg, Qc and Qp, then the counter is

divide by 6 counter.

If the clock is applied at input A, Qa is connected to input CLK B and the outputs are taken at

Qa, Qg, Qc and Qp, then the counter is divide by 12 counter.
Ro(1) and Ro(2) are used to reset all flip flops simultaneously.
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Q12. Explain IC 7490.

Answer: Following is the logical diagram for IC 7490

Ro(1)
Ro(2) I 4 .
J Q[ WA
CLK A
K
]
L J Qle Qs
CLKkB ®
K
¢
J Q e Qc
®———C
K
s
S Qe
R Q
Ro(1) |
Ro(2) j—.

Module 4
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IC 7490 is a decade counter. If the system clock is applied at CLK A and Qa is connected to
CLK B, then the counter is a decade counter.
Ro(1) and Ro(2) are used to reset all flip flops simultaneously.

Q13. Design divide by 9 counter using IC 7492.
Answer: Following is the logic diagram to implement divide by 9 counter using IC 7492.

Ra Re)

CLKA
|IC7492

CLK B

% Q@ Q| Qo

IC 7492 is a mod-12 counter when Qa is connected to CLK B.

In the above diagram, when QpQcQsQa=1001, output of the AND gate is high and as a result,
the counter reset as QpQcQsQa=0000. Thus, the above circuit is a divide by 9 counter.

Q14. Design a divide by 128 counter using 7493 ICs.
Answer: Following is the logic diagram divide by 128 counter.

128=16x8. First IC 7493 is used as divide by 16. The CLK B is input from Qa and the external

clock is applied at CLK A.
Second IC 7493 is used as divide by 8. CLK A is unused. CLK B is input from Qp of the first IC.

Ra) R(g) {: Ra R(Z) =
CLK A— CLK A—
IC7493 IC7493
CLKB[— CLK B
L eQa ‘QB ‘Qc Qo ‘ Qa ‘QB ‘Qc ‘ Qo
Qo Q1 Q2 Qs Qa Qs Qs
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Module 4
Q15. Design a divide by 78 counter using 7493 and 7492 counter ICs.
Answer: Following is the logic diagram divide by 78 counter.
R(l) R(z) R(l) R(Z)
CLKA — CLK A
IC7492 IC7493
CLKB — CLK B
o [e e @ Q@ Q|
Qo Q1 Q2 Qs Qa Qs Qs :
78=6x13.

IC 7492 is used as divide by 6 counter.CLK A is unused and the external clock is applied to the
CLK B.

IC 7493 is to be used as divide by 13 counter. To make this as divide by 13 counter, Qp of IC

7492 is connected to the CLK A of IC 7493. Qa, Qc and Qp are connected as input to a AND
gate and output of the AND gate is connected reset pins.

Q16. Design mod-3 synchronous counter.

Answer:
Truth Table
Clock Counter Output
Q2 Q1

0 0 0
1 0 1
2 1 0
3 0 0

State Transition Diagram for JK Flip Flop

J K
1 0
. 1 1
Truth Table for JK Flip Flop 1 X
J | K |Qna| Action
3 K J K
0 |0 | Qn |NoChange o o C 0 o0
0110 Reset 0 1 >1 0
1001 Set 0 X X 0
— J K
1|1 |Q, | Toggle 0 1
1 1
X 1
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State table for the design of Modulo-3 synchronous counter

Module 4

Present State | Next State J2 K2 J1 K1
Q2 Q1 Q2+ | Qut
0 0 0 1 0 X 1 X
0 1 1 0 1 X X 1
1 0 0 0 X 1 0 X
K- Map for J, K- Map for K, K- Map for J; K- Map for K;
Q1 Q1 Q1 Q1
Q0 1 Qx>0 1 Qx>0 1 Qx>0 1
0 0 m olx | X o1 | X ollx |1
11 X M 11 | x 10 | x 1 x | x
J2=Q1 Ko=1 leéz Ki=1
Logic diagram:
Jl Ql Jz QZ 7
Clock a
Vee— Ky Q Vee— Ko Q,
Q17. Design mod-5 synchronous counter.
Answer:
Truth Table:
Clock Counter Output
Qs Q2 Q1
0 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
5 0 0 0
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State Transition Diagram for JK Flip Flop

J K
1 0
. 1 1
Truth Table for JK Flip Flop 1 X
J | K |Qna| Action
I K JoK
0 |0 | Qn |NocChange _ C 0 O
0 1 0 Reset 0 1 ; 1 0
1.0 1 Set 0 X X 0
— J K
1 1 Q, | Toggle 0 1
1 1
X 1
Table for the design of Modulo-5 synchronous counter
Present State Next State J3 Ks J2 K> J1 K1
Qs Q2 Q1 Qs+ | Qo+ | Qut
0 0 0 0 0 1 0 X 0 X 1 X
0 0 1 0 1 0 0 X 1 X X 1
0 1 0 0 1 1 0 X X 0 1 X
0 1 1 1 0 0 1 X X 1 X 1
1 0 0 0 0 0 X 1 0 X 0 X
K-map for Ja:
Q3 QZQl
00 01 11 10
0 0 0 1 0
J3=Q2Q1
1 X X X X
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K-map for Ks:
Qs Q2Q1
00 01 11 10
0 X X X X
1 1 X X X
K-map for Jz:
Qs Q2Q1
00 01 11 10
0 0 1 X X
1 0 X X X
K-map for K;
Qs Q2Q1
00 01 11 10
0 X X 1 0
1 X X X X

K3:1

Jo=0Q1

Ko=Q1

Module 4
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K-map for Ji:
Qs Q2Q1
00 01 11 10
0 1 X X 1 B
J1=Q3
1 0 X X X
K-map for Ki:
Qs Q2Q1
00 01 11 10
0] X 1 1 X
K]_:l
1 1 X X X

Logic Diagram:

LJl o,l e 3, Qz—L}Js Qs|—

Vee— K, Q Kz Q2 Vee — Ks Qs
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Q18. Design synchronous mod-6 counter.

Answer:
Truth Table:
Clock Counter Output
Qs Q2 Q1

0 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
5 1 0 1
6 0 0 0

Module 4

State Transition Diagram for JK Flip Flop

J K
1 0
. 1 1
Truth Table for JK Flip Flop 1 N
J | K |Qna| Action
J
0 |0 |Qn NocChange ‘(J) C 0
0 1|0 Reset 0 Q ) 1
11011 Set 0 X
— J K
1|1 Q, Toggle 0 1
1 1
X 1
State Table for the design of Modulo-5 synchronous counter
Present State Next State J3 Ks Jo K> J1 K1
Qs Q2 Q1 Qs+ | Qot | Qut
0 0 0 0 0 1 0 X 0 X 1 X
0 0 1 0 1 0 0 X 1 X X 1
0 1 0 0 1 1 0 X X 0 1 X
0 1 1 1 0 0 1 X X 1 X 1
1 0 0 1 0 1 X 0 0 X 1 X
1 0 1 0 0 0 X 1 0 X X 1
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K-map for Ja:
Q3 QZQ]_
00 01 11 10
0] 0 0 1 0]
1 X X X X
K-map for Ka:
Qs Q2Q1
00 01 11 10
0 X X X X
1 0 1 X X
K-map for J;:
Qs Q2Q:
00 01 11
0 0 1 X _
J2=Q3Q1
1 0 0 X

Module 4

J3=Q2Q1

K3s=Q1
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K-map for Ka:
Qs Q2Q1
00 01 11 10
0 X X 1
1 X X X
K-map for Ji:
Qs Q2Q1
00 01 11 10
0 1 X X 1
1 1 X X X
K-map for Ki:
Qs Q2Q:
00 01 11 10
0 X 1 1 X
1 1 X X X

K>=0Q1

K]_:l

Module 4
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Circuit diagram:

Clock —0 —q

Vee— K, Q. @ K Q2 ( Ks Qs

Q19. Explain Digital Clock with block diagram.

Answer: In several countries power supply is 50Hz. There one can use standard variable
frequency signal generator to get 60Hz.

Block diagram of a digital clock:

60 Hz
1 cycle/s 1 cycle/min. 1 cycle/hr
) T JTLL LI vide b
— " » | Dividleby60 ——» | Divideby60 —» | Divideby60 —» | Divide by 12
Seconds Counter Minutes Counter Hours Counter

Block diagram shows the functions to be performed. The first divide by 60 counter divides the
60 Hz power signal down to a 1 Hz square wave. This 1 Hz square wave is the input to the
second counter.

The second divide by 60 counter changes its state once each second and has 60 discrete states. It
can be decoded to provide signal to display second. This counter produces output square wave of
1 cycle per minute and this is the input to the third counter.

The third divide by 60 counter changes its state once each minute and has 60 discrete states. It
can be decoded to provide signal to display minute. This counter produces output square wave of
1 cycle per hour and this is input to the fourth counter.

The last counter changes its state once each hour and has12 discrete states. It can be decoded to
provide signal to display hour. The last counter reset at every 12 hours.
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Divide by 60 counter can be implemented by cascading divide by 10 counter ( IC 7490) and
divide by 6 counter ( IC 7492). This is in the block diagram below.

60 Hz 6 Hz 1 Hz
JC%:T* Imun T | s ipiipl
———» | Amplifier ———» |Divideby 10 ——» Divideby6 | — —
IC 7490 IC 7492

.Display of Second, Minute and Hour can be implemented by the IC 7447 and 7 segment display.

This is shown below in the following diagram.

7492 y 7490

Qo Qc Qs Qa Qo Qc Qs Qa
7447 7447
t4J LED t4J LED
Tens Units
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Q1. Explain 5-bit resistive divider with diagram.
Answer: 5-bit resistive divider is shown below:

V4 V3 V2 Vl VO
o) o) O O O
R4 Rg RZ R1 R0
=Ro/16 =Ro/8 =Ro/4 =Ro/2
) o o e Va (Analog Output)

A resistive divider can be build to change a digital voltage to an equivalent analog voltage.
The following criterion can be applied to resistive divider.
e There must be one input resistor for each digital bit.
e Beginning with the LSB, each following resistor value is one half of the previous
resistor.

e The LSB has weight ofﬁ , Where n is the number of input bits.

e The change in output voltage due to a change in the LSB is equal to 22L1 where V is

the digital input voltage.
e The output voltage can be obtained for any digital input signal by following equation.
v Vo 2° +V, 2" +V, 22 +V,2° +.....+V 2"
A 2" -1
voltage (0 or V) and n is the number of input bits.

, Where V,,V,,V,,......,V, , are the digital

Q2. For a 5-hit resistive divider, determine the following (a) the weight assigned to the LSB
(b) the weight assigned to the second and the third LSB (c) the change in output voltage
due to a change in the LSB, the second LSB, and the third LSB (d) the output voltage for
a digital input 10101. Assume 0=0V and 1=+10 V.

Answer:

) ] 1 1
a) The LSB weight is ——=—
@ 9 2°-1 31

(b) The second LSB weight is % and third LSB weight is 3i1
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(c) The LSB causes a change in the output voltage of ;—2 V. The second LSB causes an output

voltage change of % V and third LSB causes an output voltage change of % V.

(d) The output voltage for a digital input of 10101 is

_lO><2O +0x2'+10x 2% +0x2° +10x 2* ~10(1+4+16) 210

Y =6.77 V
A 2° -1 31
Q3. Explain binary ladder with diagram.
Answer: Binary ladder is shown below.
Bo Bn-1 Bn
+15V
2R 2R 2R )
Va
=)
2R R R 15V

Bn, Bn-1, ....,.Bo are the digital inputs, whose values are either 0 (0 Volt) or 1(V Volt).

Bn is MSB and Bo is the LSB.

Q4. Find the output voltage from a 5-bit ladder that has a digital input of 11010. Assume that
0=0Vand 1=+10 V.

Answer:

V, —100x S +1x 2+ 0x S 41x Lt r0x 2y =10+ 2+ Ly 815 v
R R R T Ry Lt PR RETS
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Q5. Explain the terms accuracy and resolution for D/A converter.

Answer:

Accuracy is a measure of how close the actual output voltage is to the theoretical output value.
For example, suppose the theoretical output voltage for a particular input is +10 V.

For accuracy of 1 percent, the actual output voltage must lies between +9.9 V and +10.1 V.
Resolution defines the smallest increment in voltage that can be recognized. Resolution is a
function of number of bits in the digital input signal. In a 4-bit ladder system, the LSB weight
of 1/16. This means that the smallest increment in output voltage is 1/16 of the input voltage.
If the input voltage is +16 V, then the output voltage changes in steps of 1 V. This converter
cannot resolve voltages smaller than 1 V. This converter is not capable of distinguishing voltages
finer than 1 V which is the resolution of the converter.

Q6. What is the resolution of a 9-bit D/A converter which uses a ladder network? What is the
resolution expressed as a percentage? If the full scale output voltage of this converter is +5 V,
What is the resolution in volts?

Answer:

1

In a 9-bit system, the LSB has a weight of ig =—.
2° 512

Hence, the resolution of the converter expressed in percentage= 5%xlOO% =0.2%

The resolution in voltzix 5=10mV
512

Q7. How many bits are required at the input of a converter if it is necessary to resolve voltage to
5 mV and the ladder has +10 V full scale?
Answer:

Resolutionzz—lnx full scale voltage where n is the number of bits
L, 1
=5x10" = ?xlo

= 2" =2000
=n=11
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Q8. Explain simultaneous A/D converter with diagram.
Answer: Following is the logical diagram for 2-bit simultaneous A/D converter.

Reference
Voltage Comparator >——» Ci

+3V/40—

Analog Input
Vohs:]agep O ? Reference Comparator Output

Comparator >——»
(0 to V Votts) Voltage P Cz
+V/2 O—

Reference
Voltage Comparator > Cg

+V/I4 O—

Following table shows the comparator output for input voltage ranges

Input VVoltage Comparator Output
Cs C2 Ci
0 to +V/4 Low Low Low
+V/4 to +V/2 Low Low High
+V/2 to +3V/4 Low High High
+3V/4 to V High High High

The simultaneous method of A/D conversion using three comparators is shown in the above
figure. The analog signal to be digitized serves as one of the inputs to each comparator. The
second input is a standard reference voltage. The reference voltages used are +V/4, +V/2 and
+3V/4. The system is then capable of accepting an analog input voltage between 0 and +V.

If the analog signal exceeds the reference voltage to any comparator, that comparator
turns on. Now, if all the comparator are off, the analog input signal must be between 0 and
+V/4. If Cyis high and C; and Cs are low, the input must be between +V/4 and +V/2. If C,
and C; are high and Cs is low, the input must be between +V/2 and +3V/4. If all the
comparator outputs are high, the input signal must be between +3V/4 and +V.

Page: 4




Guide for Analog and Digital Electronics Module 5

Q9. Explain counter type A/D converter with diagram.
Answer: Following is the counter type A/D converter

Start
Gate and
Clock " Control g Counter
I «—— Nlines — |
A A

Level Amplifier

«—— Nlines ———»
Comparator
Reference
Voltage v v

Analog — Binary Ladder
Input
Voltage < Nlines —*

v v

This type of A/D converter consists of binary counter. The digital output signal of this counter
is connected to a standard binary ladder D/A converter. If a clock is applied to the input of the
counter, the output of the binary ladder D/A converter is the staircase waveform. This waveform
is the reference voltage signal for the comparator.

First, the counter is reset to all 0s. Then, when a convert signal appears on the START line,
the gate opens and the clock pulses are allowed to pass through to the input of the counter.

The counter advances through a normal binary count sequence, and the staircase waveform is
generated at the output of the ladder. This waveform is applied to one side of the comparator and
analog input voltage is applied to the other side. When the reference voltage equals (or exceeds)
the input analog voltage, the gate is closed, the counter stops and the conversion is complete. The
number stored in the counter is now the digital equivalent of the analog input voltage.
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Q10. Explain continuous A/D converter with diagram.
Answer: Following is the continuous A/D converter:

Clock
(ON]
Advance
.73 S Q P ﬁ Count up UP/Down
T J Count Down Counter
- Up
Q «— N line —»
o R
A v
Level
Amplifier

+— Nline —»

A A
Ladder

__ |Down
R Q
J« N line—»f
‘ \4
Digital
Down output
Up Comparator Analog
Input

This type of A/D converter consists of binary up/down counter. The digital output signal of this
counter is connected to a standard binary ladder to form a D/A converter. Output of the ladder is
fed into a comparator which has two outputs. When the input analog voltage is more positive
than the ladder output, Up output of the comparator is high. When the input analog voltage is
more negative than the ladder output, the down output is high.
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If the Up output of the comparator is high, the AND gate at the input of the Up flipflop open,
and the first time the clock goes positive, the flipflop is set. At moment down flipflop is reset, the
AND gate which controls the count-up line of the counter will be true and the counter advance
one count. As long as the Up line out of the comparator is high, the converter continues to
operate and advances its count.

At the point where the ladder voltage becomes more positive than the input voltage, the Up line
of the comparator goes low and the Down line goes high. The converter then goes through a
count-down conversion cycle.

Q11. Explain successive approximation converter with diagram.
Answer: Following shows the block diagram for successive approximation converter.

Y

Ring Counter

Contrl logic

and clock _
<« Nlines —»

A A

> Counter

< Nlines —»

A A

Level Amplifier

<« Nlines —»

Comp.

Vy 6— Ladder
(Analog Input)

<« Nlines —»

Digital Output
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Following shows the operation performed in successive approximation converter

1111
1111
1110

1101

/

T
/
1100
vl
1010
v 1001
T

Start
0000 —— 1000

1000

0111
0111 7
0110

\
/ \
T 0101
0101 7
T 0100
/v 0011
T 0010
0001
\ /v
= 0000

Successive approximation converter consists of counter which is first reset to all 0s. The MSB of
the counter is then set. The MSB is then left in or taken out (by resetting the MSB flipflop)
depending on the output of the comparator. Then the second MSB is set in, and comparator is
made to determine whether to reset the second MSB flipflop. The process is repeated down to
LSB and at this time desired number is in the counter. The converter operates by successive
dividing the voltage ranges in half. The successive approximation method is the process of

approximating the analog voltage by trying 1 bit at a time beginning with MSB. The operation is
shown in the above diagram.
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